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Abstract 

Physical activity rates among adolescents in Canada are critically low; only about one in every three 

grade 9 students are meeting the recommended 60 minutes per day of moderate to vigorous physical 

activity (MVPA). These high rates of physical inactivity among youth are alarming, as physical activity 

is essential for both physical and mental wellbeing, and it sets the foundation for healthy habits in 

adulthood. School-based physical activities including physical education (PE) classes, and intramural 

and varsity sport programs are ideally situated for the promotion of physical activity as they can reach 

a large number of youth and overcome many of the barriers associated with extracurricular activities. 

PE is designed to provide opportunity for youth of all ages to engage in physical activity that is 

structured into their weekly routine. However, in secondary school, a period that is critical for 

establishing healthy behaviour patterns for later in life, PE becomes non-mandatory for students in 

many provinces and territories across Canada, resulting in a missed opportunity to engage adolescents 

in regular physical activity. Ontario currently has the most lenient PE policy in Canada, with students 

only required to complete one secondary school-level PE course. To date, only four studies have 

examined the impact of PE programming in Canada on physical activity levels, only one of which 

included students from the province of Ontario. No published studies to date have explored the impact 

of PE participation on mental health outcomes among adolescents in Canada. The lack of evidence in 

this domain renders it challenging to determine the effectiveness of PE or make recommendations to 

enhance PE programs to maximize their impact on student health and wellbeing.  

This dissertation aimed to provide a deeper understanding of the patterns of physical activity 

behaviours and the impacts of participating in non-mandatory secondary school PE on physical activity 

and mental health outcomes among adolescents in Ontario. Specifically, Study 1 characterized 

longitudinal physical activity profiles of non-mandatory PE participation, adherence to physical activity 

guidelines, and sport participation throughout secondary school. Study 2 quantified the impact of 

participation in PE on physical activity levels, over time. Study 3 quantified the impact of PE 

participation on student mental health, over time. This dissertation utilized linked longitudinal data 

from students in Ontario who participated in four consecutive years of the COMPASS Study (Time 1: 

2015-16; Time 2: 2016-17; Time 3: 2017-18; Time 4: 2018-19). The COMPASS Study is a school-

based prospective cohort study (2012-2027) that collects demographic, behavioural, and mental health 

data from students annually across Canada. Study 1 utilized a repeated measures latent class analysis 
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to identify longitudinal physical activity profiles of adolescents in Ontario. Studies 2 and 3 utilized 

linear mixed models to estimate the average effect of PE participation on (a) minutes of MVPA (Study 

2) and (b) symptoms of anxiety, (c) symptoms of depression, and (d) psychological wellbeing (Study 

3), over time. Models in Studies 2 and 3 were adjusted using doubly robust propensity score 

methodology to account for self-selection biases that may influence PE participation. 

Findings from Study 1 illustrated that there are distinct, clustered physical activity profiles among 

adolescents which vary by sex; three physical activity profiles were identified among both female and 

male students: Guidelines, PE & Sports, and Guidelines & Sports. A fourth profile was identified 

among male students only: Inactive. Study 2 demonstrated that participation in secondary school PE 

had a significant positive impact on MVPA levels over time, and effects were most pronounced for 

male students and during the semester of PE participation. Study 2 also illustrated that the benefits of 

PE remained present in the semester opposite to PE participation, suggesting that the benefits of PE 

extended beyond the MVPA accumulated during class-time. In Study 3, PE participation was not 

associated with symptoms of anxiety or depression, over time. Study 3 also found that male students 

enrolled (but not currently participating) in PE were found to have higher psychological wellbeing 

compared to those not enrolled in PE within the academic year. 

This dissertation fills an important gap with respect to our understanding of PE programming in 

Ontario secondary schools. Findings from this dissertation revealed that many students are choosing 

not to enroll in PE, with a particularly high-risk subgroup of male adolescents showing low participation 

across several physical activity behaviours during secondary school. Among male students who elect 

to participate, PE was found to positively impact time spent in MVPA and psychological wellbeing. 

These results highlight the potential of PE for improving the health and wellbeing of adolescents, 

although low participation rates limit these benefits being experienced at the population-level. 

Importantly, all three studies identified sex-based differences in the physical activity profiles and the 

impact of PE on health outcomes; female students were found to have lower PE participation rates and 

experienced reduced benefits compared to male students. These result underscore the importance of 

promoting inclusive environments in PE to ensure health benefits are experienced by all adolescents, 

regardless of sex and other key characteristics. Findings from this dissertation offer valuable insights 

for public health programming, particularly within the school context; decision-makers in Canada 

should explore ways to increase PE participation across secondary schools, paying particular attention 

to female students and those not participating in other forms of physical activity. 
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Chapter 1: 

Introduction 

Adolescence is a critical developmental period during which individual behavioural patterns are 

established [1]. Currently, less than one in three Canadian youth meet the physical activity 

recommendations, and this proportion has been shown to decrease with age [2, 3]. This is a key area of 

concern given that health behaviours, including physical activity patterns, are mostly established during 

adolescence and subsequently track into adulthood [4]. Identifying and evaluating strategies that 

increase physical activity levels and build healthy behaviour patterns during adolescence is a public 

health imperative.  

1.1 Physical activity among youth 

Physical activity plays an important role in health and wellbeing throughout the lifespan [5, 6], with 

adolescence being a particularly critical window for establishing healthy behavior patterns [4, 7]. 

Scientific literature has demonstrated that the health-related benefits of physical activity participation 

are more pronounced among youth (relative to adults) and consistent participation decreases the risk of 

poor health later in life [7]. Despite the multitude of health benefits, physical activity engagement is 

relatively low among adolescents [3, 8]. The Canadian Society for Exercise Physiology (CSEP) and 

the World Health Organization (WHO) currently recommend that youth spend at least 60 minutes per 

day engaging in moderate-to-vigorous physical activity (MVPA) and incorporate both vigorous 

physical activities and muscle and bone strengthening activities at least 3 days per week [9, 10]. 

Evidence suggests that youth are not meeting this daily recommended 60 minutes and have become 

increasingly sedentary in the last decade [11]. Insufficient physical activity can lead to a variety of 

negative health outcomes later in life, including obesity, cardiovascular disease, and poor mental health 

[12]. Recognizing the significance of consistent engagement throughout adolescence, programs and 

strategies that increase physical activity participation among youth can have profound, lifelong impacts 

[11]. 

1.1.1 Physical activity and physical health  

Physical activity is one of the most well-established modifiable risk factors of premature mortality 

and chronic disease [7]. Existing evidence has outlined a clear dose-response relationship between 

increased physical activity and increases in positive health outcomes (e.g., lower risk of diabetes, 

hypertension, cardiovascular disease, and all-cancer mortality) [7, 13–17]. While many of the negative 
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health outcomes associated with physical inactivity are chronic diseases that arise in adulthood, the risk 

of these conditions is known to be reduced with consistent physical activity throughout childhood and 

adolescence [7, 18]. Compared to persistent inactivity, modest increases in physical activity from 

adolescence through to adulthood have been found to result in improvements in cardiometabolic risk 

profiles [19], providing further justification for increasing physical activity levels (of any magnitude) 

throughout childhood and adolescence.  

In addition to the benefits of physical activity participation for the prevention of chronic disease, 

consistent participation in physical activity throughout childhood and adolescence is essential for 

healthy growth and development [20]. Regular physical activity during adolescence leads to a variety 

of favourable health outcomes, including better musculoskeletal [20, 21], respiratory [22], and 

cardiovascular [5, 7, 23] health, as well as improved body composition [24]. Engagement in physical 

activity is also reported to be associated with other health behaviours such as sleeping and sedentary 

behaviour; active adolescents have been shown to have better sleeping patterns [25] and some research 

suggests a small positive effect on time spent engaging in sedentary activities [26, 27] compared to 

their inactive counterparts. Preliminary evidence indicates that physical activity engagement of any 

magnitude is associated with self-perceived health in adolescence [28], a strong predictor of mortality 

[29].  

1.1.2 Physical activity and mental health 

Depression and anxiety are the most common mental disorders among youth [30]. Nearly half (44%) 

of secondary school-aged youth in Ontario report a moderate-to-severe level of psychological distress 

[31], and an estimated 8% and 13% of youth in Canada have a diagnosis for an anxiety or mood 

disorder, respectively [32]. Without appropriate support and treatment, poor mental health can lead to 

a variety of adverse outcomes including poor academic outcomes, substance use, self-harm, and 

suicidal behaviour [33–35]. Moreover, mental disorders experienced during adolescence have a high 

risk of chronicity, which may lead to the emergence of more severe mental disorders later in life [36, 

37].  

There is substantial evidence suggesting that physical activity is positively associated with mental 

health among youth, including lower symptoms of depression [38, 39], higher physical self-concept 

[39], and small-to-moderate positive effects on anxiety [6, 40]. Engagement in physical activity 

provides youth the opportunity to develop both personal and social skills, which can reinforce their 
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self-esteem [41], self-efficacy [42], and self-control [43]. Positive mental health reflects a state of 

positive wellbeing extending beyond the absence of mental disorders and can be reflected through 

strong self-efficacy and self-esteem, satisfying personal relationships, and resilience [44]. Some 

evidence even suggests that physical activity participation during childhood or adolescence decreases 

the risk of poor mental health in adulthood [45–47].  

Engagement in physical activity has also been linked to improvements in memory [45, 46], attention 

[47], and academic achievement [48–50]. The existing literature in this space has led to general 

consensus that consistent engagement in physical activity has a protective and positive effect on mental 

health and wellbeing among adolescents. While much of the existing research examining the 

association between physical activity and mental health among adolescents is cross-sectional in nature, 

the longitudinal evidence base is growing [39, 51].  

1.1.2.1 Physical activity and anxiety 

The published literature to date indicates that there is evidence of a small-to-moderate positive 

association between physical activity engagement and symptoms of anxiety among youth [6, 52]; 

however, evidence of a causal association and the mechanisms through which physical activity may 

influence symptoms of anxiety remain not well understood [6]. Some research suggests that the odds 

of reporting moderate and severe symptoms of anxiety are nearly two times higher among inactive 

youth compared to their active counterparts [53]. However, a recent study examining the bidirectional 

association between physical activity and symptoms of generalized anxiety found that greater physical 

activity was associated with lower symptoms among boys, but greater symptoms among girls, one year 

later [54]. Varying findings between studies could be the result of the differing types of physical 

activity, study methodology, rigor, and populations evaluated [6]. Further research is necessary to 

clarify the association between physical activity and anxiety and delineate any sex-based differences in 

this association. Despite the somewhat inconsistent findings between studies, there is evidence to 

support the promotion of physical activity as an approach to reducing symptoms of anxiety among 

youth [52].  

1.1.2.2 Physical activity and depression 

Research surrounding physical activity and depression is more established compared to anxiety; 

physical activity has been shown to reduce symptoms of depression among adolescents, with the 
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magnitude of association often being stronger in boys than girls [6, 54]. The mechanisms through which 

physical activity could reduce symptoms of depression remain poorly understood [6]; possible 

mechanisms including increased autonomy, competence, and relatedness [55], as well as increased self-

concept [56, 57] have been reported among youth populations. Compared to those who meet current 

guidelines, youth who do not meet the guidelines have a 1.5-times greater odds of reporting moderate 

and severe symptoms of depression [53]. Another study found that 1 hour increases in physical activity 

per week was associated with an 8% decrease in the odds of reporting depressive symptoms in both 

girls and boys [38]. While there are research foundations exploring associations between physical 

activity and depression, there is a need for additional research exploring the differential impact of types 

of physical activity and contexts for physical activity on symptoms of depression among youth [6].  

1.1.2.3 Physical activity and psychological wellbeing  

Research exploring the association between physical activity participation and measures of positive 

mental health (e.g., flourishing) is still in the early stages, particularly among youth populations [58]. 

Flourishing represents a state of overall psychological wellbeing, capturing elements of both emotional 

and social wellbeing [59]. Findings from recent cross-sectional studies [60, 61], demonstrate that 

greater levels of physical activity were associated with higher psychological wellbeing. Similarly, 

among a nationally representative sample of adolescents in the United States, adolescents meeting the 

physical activity guidelines on 3 or less days per week were significantly less likely to “flourish” 

compared with adolescents who met the guidelines on each day of the week [62]. Similar to the 

relationship between physical activity and anxiety and depression, there appear to be sex-based 

differences in the relationship between physical activity and psychological wellbeing. Male, but not 

female, adolescents who meet the recommended 60 minutes of daily activity are more likely to 

experience better psychosocial wellbeing compared to those not meeting the recommendations [58]. 

Much of the literature examining the relationship between physical activity and psychological 

wellbeing to date has been cross-sectional in nature and has not explored the differential impact among 

female and male adolescents; robust sex-stratified analyses using longitudinal data are needed to further 

elucidate the impact of physical activity on psychological wellbeing among adolescents. 

1.2 Physical activity patterns among youth in Canada 

Physical inactivity remains a significant public health crisis among children and adolescents both in 

Canada and globally [11]. Adherence to the physical activity guidelines among adolescents in Canada 
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is relatively poor [3], and evidence consistently demonstrates that time spent engaging in physical 

activity tends to decrease as children get older [3, 63–65]. Roughly one third of grade 9 students in 

Canada meet the physical activity recommendations, and less than half of these students continue to do 

so during grade 12 [2]. Recent evidence suggests that this age-related decline begins in childhood, 

which is earlier than previously understood, and continues throughout adolescence. While research has 

begun to explore possible causal associations as to why physical activity declines throughout childhood 

and adolescence (e.g., displaced time with sedentary behaviour) or mediating and moderating factors 

(e.g., enjoyment of physical activity, access to physical activity resources) [66, 67], it is likely that there 

are a multitude of factors influencing this age-related decline. Further research is needed to elucidate 

the reasons for which youth alter their physical activity patterns over time.  

There appear to be sex-based differences in the age-related decline in physical activity levels, 

however the timing, magnitude, and directionality of these differences remains somewhat unclear. A 

recent systematic review of longitudinal studies identified that the age-related decline appears to begin 

as early as the age of 6 years among girls and the age of 9 years among boys [65, 68, 69]. Some research 

has observed a greater decline among girls compared to boys [70, 71]; however, a recent review of 

published longitudinal data found a slightly larger decline in physical activity from adolescence to 

adulthood in boys compared to girls [26, 72]. The varying findings from these systematic reviews 

suggest that there may be nuances in this relationship that may be unaccounted for in previous studies 

[72]. Overall, these data indicate that youth may be choosing to engage in more sedentary activities 

(e.g., screen-based behaviours) rather than physical activity during their leisure-time [3, 73]. Further 

research is required to better understand the role that sex plays in adolescent movement behaviour 

patterns. 

1.3 Correlates of physical activity among youth 

Physical activity levels are known to differ between youth, with a wide range of physical activity 

levels reported among adolescents [74]. At an individual level, various demographic, behavioural, and 

psychological characteristics are associated with physical activity levels among adolescents.  

Demographic characteristics (e.g., race, gender, socio-economic status) can play a key role in shaping 

an individual’s access, experience, and attitudes towards physical education (PE), physical activity, and 

sport [75], ultimately impacting their engagement in physical activity. Adolescents who are younger 

[2, 76, 77], male [2, 76, 77], white [78–80], and come from homes with higher socioeconomic status 
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and higher parental education attainment [78, 80] are often found to report higher levels of physical 

activity. In terms of body composition and body image, lower BMI among adolescent girls [78], and 

perceiving one’s weight as “about right” among all adolescents [81], have been reported to be positively 

associated with physical activity. Key indicators of academic achievement, including higher desired 

educational attainment [82], and higher English and math grades [83] are also associated with more 

favourable physical activity engagement.  

Physical activity behaviours are known to be highly correlated; existing studies have demonstrated 

that previous physical activity [77] and community sports [78–80] participation are positively 

associated with current physical activity patterns in adolescence. Adolescents who participate in one 

type of physical activity (e.g., PE) have a greater likelihood of participating in other physical activities 

(e.g., organized sports) [84]. Further, diverse participation in physical activity during adolescence is 

associated with higher levels of physical activity in adulthood [85–87].  

Other behavioural correlates of physical activity participation, including sedentary behaviour [3, 78, 

88, 89] and substance use [2, 76, 90, 91], have been somewhat inconsistently correlated with physical 

activity participation. The relationship between physical activity and sedentary behaviour has been 

widely studied in the literature [27, 78, 80], and contrary to what might be expected (that increased 

sedentary behaviour hinders physical activity participation), recent systematic reviews and meta-

analyses have observed a weak association between the health behaviours [27, 78, 80]. A small negative 

association was identified between physical activity and sedentary behaviour, suggesting that these 

behaviours do not directly displace each other [27, 78, 80]. Measures of substance use are found to 

demonstrate a less clear relationship with physical activity; binge drinking has been tied to increased 

physical activity participation [2, 76, 90, 91], likely as a result of the social and contextual factors 

associated with recreational sport participation [92]. Scientific literature on cigarette [76, 90, 93] and 

cannabis use [90, 94–96] demonstrates mixed findings in independent associations with physical 

activity, and further research is needed to better understand these relationships. 

Perceived competence and intention for physical activity have been found to be positively associated 

with physical activity in adolescence [78–80], while perceived barriers to physical activity participation 

[78] appear to be negatively associated with engagement. Intrinsic factors including enjoyment of and 

motivation for physical activity are strong predictors of physical activity engagement [97–99]; 

individuals who enjoy participating in physical activity are more likely to continue engaging in physical 
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activity [97]. Similarly, individuals with high rates of autonomous motivation (i.e., self-directed or 

intrinsic motivation) are found to engage in greater quantities of physical activity [98, 99]. In addition 

to the intrinsic factors, extrinsic motivators including physical activity encouragement from friends [78, 

80] and family [78–80] are reported to be positively associated with physical activity engagement 

among youth.  

1.4 Settings for physical activity 

Structured physical activity represents activities that are planned, organized, and carried out with the 

intention of being active [100]. Common settings in which youth have the opportunity participate in 

structured physical activity, include organized sports, swimming lessons, and/or exercise classes [101]. 

Organized sport participation typically makes up a large proportion of structured physical activity in 

childhood, however participation in these activities tends to decrease throughout adolescence [73, 102]. 

Sport participation can occur both in community settings as well as within the school setting (e.g., 

intramural and varsity programs). Among youth who join organized sport programs, anywhere from 

44-76% are reported to discontinue participation at some point during childhood or adolescence [103, 

104]. Declines in community sport participation tend to begin around ages 11-14 years [102] and 

participation is reported to be a strong predictor of physical activity engagement in adulthood, however 

this association appears to be stronger among boys compared with girls [105, 106].  

Schools are suggested to be an ideal setting for the promotion of physical activity in youth as they 

provide numerous opportunities to participate via PE classes, intramural and varsity sport programs, 

physical activity breaks, and/or active transportation to and from school [1, 107]. Familial socio-

economic status may prevent some youth from participating in extra-curricular organized sports, 

limiting their opportunities for structured physical activity outside of the school setting [108]. In 

comparison to other sources of physical activity, such as community sports, school-based physical 

activity programs have large reach (irrespective of backgrounds or circumstances), given that nearly all 

children attend school [1]. Elements of the school environment are shown to influence student 

engagement in physical activity. Positive associations have been reported between access to programs 

and facilities [78, 80], time spent outdoors [78], and school-level policies that support active 

transportation and prioritize physical activity [109]. School connectedness has also been found to be 

positively associated with physical activity participation [110]. 
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1.5 Physical education  

PE is a core component of the school curriculum aimed at promoting physical activity and overall 

wellbeing among youth [1, 111]. PE is one of the primary environments in which youth can develop 

and refine many of the skills required to lead physically active lives [1, 112]. Many PE programs are 

developed with the intention that the knowledge and abilities fostered in PE, translate into active youth 

both inside and outside of the school setting [113]. Curricula are designed in a developmental manner, 

such that every year youth are building upon and reinforcing the knowledge and skills from previous 

years. 

Children spend a majority of their waking hours at school; therefore, embedding physical activity 

programming, such as compulsory PE classes, into the school curriculum can be considered a 

population-level intervention [1]. PE provides structured learning and exposure to physical activity for 

all youth [108], including those who may not be able to participate in structured physical activity outside 

of school [114]. The pre-existing infrastructure of PE positions it to be one of the most cost-effective 

population-level health-promotion strategies targeting youth [20]. Most countries globally (>90%) have 

legislation or have implemented best practices to provide some level of PE administration throughout 

compulsory schooling [115]; however, the frequency, quantity, and duration of these programs differ 

across countries, by school board, and even between schools [115]. Moreover, many countries are found 

not to comply with PE regulations or expectations [115].  

1.5.1  Canadian PE system 

In Canada, PE is provincially developed and implemented. Provincial and territorial Ministries of 

Education are responsible for overseeing the policies, funding, curriculum development, and operation 

of public education across each province and territory [116]. While each province and territory regulate 

their own individual programs, they share several commonalities in their PE participation requirements 

[117]. Throughout elementary (grades 1-6) and middle school (grades 7-8), PE is compulsory for all 

students. In secondary school (grades 9-12) however, many students across Canada are given the 

opportunity to opt-out of yearly PE courses. Most Canadian provinces and territories require two PE 

course credits for graduation [111, 118–120]. Quebec and Manitoba currently have the most 

comprehensive PE programming in Canada, as both provinces have recently implemented policies 

mandating PE participation in each year of secondary school [121–123]. Ontario currently has the most 

lenient PE policy, with students only required to complete one secondary school-level PE course [111]. 
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A graphical representation of the PE requirements throughout secondary school across the provinces 

and territories in Canada is presented in Figure 1-1.  

 

 

Figure 1-1 Secondary school physical education graduation requirements across provinces and 

territories in Canada 

† Grades 9-11 correspond to secondaire III-V in the province of Quebec. Checks denotes grades for which PE 

enrollment is compulsory within provincial or territorial policy guidelines.  

In Canada, children begin school, and therefore PE, at a young age and progress through the 

curriculum until they reach late adolescence [1]. This consistent engagement and incremental 

progression allow for youth to develop and refine physical and health literacy (i.e., movement 
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competency, and the appreciation and enjoyment of physical activity), required to foster lifetime 

engagement in physical activity [1, 124]. 

1.5.1.1 Ontario PE program 

The Ontario Ministry of Education aims to provide a “coordinated and comprehensive education 

plan” to ensure that students across the province receive the highest quality education and programming 

possible [111]. As outlined in the curriculum, the goal of PE is to foster the knowledge and skills 

required for students to develop the comprehension, capacity, and commitment they need to lead 

healthy and active lives (i.e., develop physical and health literacy) [111]. The current Ontario secondary 

school PE program includes “traditional” PE courses (titled Healthy Active Living Education), that are 

offered across all grades in secondary school. These grade-specific courses are an extension of the 

elementary school PE courses and aim to develop the movement competence and personal fitness 

needed for healthy living. Most provinces offer specialized PE courses in the upper years of secondary 

school, but availability varies by province, school board, and ultimately by school. “Destination” PE 

courses are specialized courses designed to equip students with foundational knowledge and skills in 

fields that they can pursue in postsecondary education or occupations [111]. Examples of specialized 

PE courses offered by secondary schools in Ontario include: “Health for Life”, “Introductory 

Kinesiology”, and “Recreation and Healthy Active Living Leadership” [111]. Secondary school 

students in Ontario are currently only required to enroll in one traditional PE course to meet the 

graduation requirements outlined by the Ministry of Education [111]. Ontario currently offers sex- or 

gender-specific PE courses in most secondary schools across the province, however, schools who 

experience challenges developing a workable timetable for students have reported establishing co-ed 

PE courses [125]. 

1.6 Participation in PE  

Evidence suggests that anywhere from 20-65% of secondary school students globally are not enrolled 

in regular PE classes past grade 9 [126–128]. Similar to physical activity participation more generally, 

a rather substantial age-related decline is seen in rates of participation in secondary school PE [129]. 

Since many policies across Canada and the United States require participation in only 1 or 2 years of 

secondary school [129]; enrollment rates are typically high among grade 9 students and decline across 

the remainder of secondary school. According to a 2014 report published by the Center for Disease 

Control in the United States, fewer than 10% of students are enrolled in PE in grades 11 and 12 [130]. 
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Girls are often found to make up a larger proportion of the students not enrolling in PE compared to 

boys [126, 131, 132]. 

Research examining participation rates in secondary school PE in Canada is scarce [133, 134]. Data 

from Statistics Canada suggests that enrollment in PE among secondary school students in Ontario has 

decreased consistently since the turn of the 21st century [133], with a recent study reporting that by 

grade 12, only 24% of secondary school students in Ontario and Alberta were enrolled in PE 

[134]. Similar rates of participation were reported in a 1999 study from British Columbia, with only 

10% of female and 22% of male students participating in PE in grade 11 (the grade in which PE 

becomes non-mandatory for students in British Columbia) [135]. Given the volitional nature of most 

PE programs across Canada, there is a need for up-to-date evidence surrounding the current enrollment 

rates in secondary school PE across Canada.  

1.6.1 Correlates of PE participation 

Previous research globally has established that participation in elective PE is not random and 

numerous student- and school-level variables influence enrollment among adolescents [126, 132, 136]. 

Similar to those reported for other physical activity behaviours, reported correlates of PE enrollment 

include sex, age, geographical region, parental education and employment status, school size, and 

school grade [126, 132]. While most studies report higher rates of PE participation among male students 

[126, 131, 132, 137], some studies have found no significant differences in participation rates by sex 

or gender [84, 138]. Physical activity behaviours have also been identified as significant correlates of 

PE participation; a study among secondary school students in Manitoba demonstrated that students 

enrolled in PE are more likely to participate in varsity sports [84]. Relatedly, a study in Brazil found 

that those not enrolled in PE are more likely to be insufficiently active [126]; as expected, students in 

this study who participated in PE reported greater enjoyment for participating in PE compared to those 

not enrolled [126]. At the school-level, factors such as larger school size, attending school in the 

evening, and higher school grade have all been negatively associated with PE participation among 

adolescents in Brazil [126]. Reported correlates of participation in PE vary between studies [126, 139], 

likely reflecting differences in populations, curricula, and implementation strategies between school 

boards, regions, and countries. 
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1.7 Effectiveness of PE programs 

PE provides opportunity for youth of all ages and backgrounds to engage in physical activity that is 

structured into their weekly routine [133]. PE has the potential to impact youth health both through 

direct and indirect effects [140]. Direct effects can be seen through engagement in physical activity 

during PE lessons themselves [140], contributing to the recommended minutes of daily physical 

activity. Indirectly, PE aims to encourage youth to continue engaging in physical activity during their 

leisure-time, ideally over the life course [140]. However, research within this field indicates that only 

about 40% of PE class time is actually spent engaging in physical activity [141], minimizing the 

potential direct effects. The indirect effects of PE participation are difficult to study, as they represent 

longer-term behaviours and are context-dependent which likely vary by population, geographic region, 

and by school board or PE curricula.  

1.7.1 Association between PE participation and physical activity levels 

International research demonstrates that enrollment in PE is associated with spending greater 

amounts of time engaging in physical activity [128, 131, 132, 137, 139, 142, 143]. A recent study 

looking at the impacts of PE participation on physical activity levels among adolescents in the United 

States found that students who were enrolled in daily PE engaged in more days of being physically 

active for at least 60 minutes compared to students without daily PE [144]. Similarly, a study in Brazil 

found that adolescents enrolled in at least two PE classes per week were 27% more likely to meet the 

current physical activity recommendations compared with those without weekly PE [126]. The 

effectiveness of PE participation at increasing PA participation is particularly important to explore 

within a real-world context, taking into consideration the numerous variables that may influence this 

association. For example, a recent study among grades 8, 9, and 12 girls in the United States found that 

those enrolled in PE reported greater MVPA and a higher proportion reported a daily average of ≥30min 

of vigorous physical activity at all grade levels [128]. When the physical activity obtained in PE was 

removed, differences in physical activity engagement between the 8th- and 9th-grade girls enrolled in 

PE and those who were not became non-significant, suggesting that the association was primarily 

driven by the physical activity gained during the PE lesson itself. By contrast, when the physical activity 

obtained in PE was removed, grade 12 girls enrolled in PE were still substantially more physically 

active than those who were not enrolled, suggesting that those who choose to participate in PE might 

be inherently more active than those who opt-out.  
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Very few studies have evaluated the impact of participation in PE programs on physical activity 

levels across Canadian provinces and territories; the majority of which were conducted among students 

in Manitoba following implementation of their revised secondary school PE policy [84, 123, 145]. In 

2008, the Ministry of Education in Manitoba implemented a province-wide policy mandating PE 

participation across all four years of secondary school [84]. As part of this mandate, students in grades 

11 and 12 were required to participate in (i) 30 hours of in-class health and personal planning, (ii) ≤27.5 

flexible hours students can reallocate to component i or iii, and (iii) 55 hours of physical activity, either 

in-class or out-of-class time [123]. The 55 hours of physical activity was selected for this policy as it 

required students to participate in ≥30 minutes of physical activity daily at least 5 days a week [123]. 

Three evaluations of this policy have been conducted to date; one cross-sectional study demonstrated 

that enrollment in PE during the semester of data collection was associated with 70% increased odds 

of achieving an average of 60 minutes of MVPA per day, compared to students not enrolled during the 

semester of data collection [84]. A longitudinal evaluation of this policy, however, found that the 

majority of students included in this study were found to meet the 30 minutes of daily MVPA both at 

baseline and at follow-up, indicating that this policy did not have a significant impact on student 

physical activity levels in grade 11 or 12 [123]. 

To date, only one study has examined the impacts of participation in Ontario’s secondary school PE 

program on physical activity levels [134]. This study identified a 30-minute per day benefit of PE 

participation among students enrolled in PE in both grade 9 and in grade 12 relative to students enrolled 

in grade 9 but not in grade 12, among a sample of students in Ontario and Alberta [134]. No significant 

differences in the association between PE participation and minutes of daily MVPA were identified 

between female and male students. Findings from this study are limited in that data was pooled from 

schools in Ontario and Alberta, limiting the interpretability of the results for provincial policy makers. 

Additionally, while data was linked between grades 9 and 12, student behaviours in grades 10 and 11 

were not taken into consideration. Previous research suggests that previous physical activity 

participation is one of the strongest predictors of future physical activity participation [77], and as a 

result this may have significantly influenced the findings from this study. Further research is needed to 

better understand the longitudinal impact of participation in secondary school PE programs in Ontario, 

while also considering many of the student-level factors that could influence physical activity 

behaviours.  
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1.7.1.1 Sex-based differences in PE effectiveness 

Research suggests that there are sex-based differences in the effectiveness of PE programming for 

increasing physical activity among adolescents, but the magnitude and directionality of this association 

remain somewhat unclear. Most of the published literature to date suggests that PE participation results 

in greater increases in physical activity among males compared to female adolescents [84, 146]. In a 

recent study examining the association between PE participation and physical activity among 

adolescents in Manitoba, benefits to MVPA appeared to be heightened among male students relative to 

their female counterparts [84]. Similarly, a study among adolescents in the Czech Republic concluded 

that male students participating in PE had a greater likelihood of accumulating 200 minutes of school-

based MPVA per day relative to female adolescents [146]. There are some studies, however, that report 

greater effectiveness among female adolescent samples [131, 143, 147]; a study conducted among 

German adolescents, determined that PE participation was significantly associated with additional 

minutes of MVPA and a greater number of days meeting the recommended 60 minutes of MVPA per 

day among female adolescents only [143]. Finally, some studies have either reported no significant 

differences by sex [134] or have not examined the sex-based differences of participation [144]. It is 

possible that these varying associations are due to differing programs or types of activities offered in 

PE, as previous research indicates that preferences for certain physical activity types appear to differ 

by sex [148, 149]. It is also possible that some schools examined in these studies provide sex- or gender-

specific PE courses (such as Ontario) and the provision of sex-specific courses may significantly 

influence this association.  

1.7.2 Association between PE participation and mental health outcomes 

There is a growing body of literature exploring the impact of physical activity on mental health, 

however, studies specifically examining the impact of PE programming on youth mental health remain 

scarce [150, 151]. Engaging in regular physical activity through PE classes is believed to have a positive 

impact on mental wellbeing as a result of the dose of physical activity it provides [152]. Additionally, 

PE provides a structured environment for students to develop social connections and build a sense of 

community, which has demonstrated protective effects for the prevention of isolation and loneliness 

[153, 154]. Moreover, the physical challenges and accomplishments experienced in PE can boost self-

confidence and resilience, contributing to a sense of personal achievement and wellbeing [111, 155].  
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Much of the published literature linking participation in PE with anxiety, depression, or 

psychological wellbeing has evaluated the impact of specific interventions (e.g., teacher workshops or 

high intensity interval training programmes [156–158]) or specific elements of the PE environment 

(e.g., assessment styles or teaching styles [159, 160]), with few studies examining the impact of PE 

participation more generally [150, 151, 161]. Among the studies identified in recent systematic and 

scoping reviews, none examined the impact of PE participation on depression nor psychological 

wellbeing, one examined the impact of PE participation on positive mental health longitudinally, and 

one study examined the differential impact of varying assessment styles in PE on anxiety levels of 

secondary school students [150]. Findings from these reviews highlight the current gaps in the literature 

pertaining to the impact of PE participation on mental health and wellbeing; there is a need for more 

rigorous studies to evaluate the impact of PE participation longitudinally and to explore how these 

associations differ by sex [150, 151].  

While PE holds the potential to be an opportunity for adolescents to develop and strengthen behaviors 

that promote life-long physical activity, some research has speculated that the complex dynamics of PE 

programming and environment (e.g., social dynamics, teachers, curricula, and assessment and 

evaluation) may inhibit the mental health benefits often associated with physical activity participation 

[151]. As previously described, enrollment in voluntary PE is believed to be biased, whereby certain 

students (for example, athletes and students with a higher social standing) may be more likely to enrol 

[162]. This may lead to a competitive environment both in terms of athletic ability and social 

confidence, ultimately creating a non-inclusive environment. Such environments may heighten anxiety 

and depression due to performance pressure and complex social dynamics, particularly among students 

who are less physically or socially confident [151]; negative feelings and experiences in PE, including 

feelings of embarrassment, peer comparisons, body image concerns, and bullying are identified barriers 

to PE (and ultimately physical activity) participation [162–166]. Coupled with the limited research in 

this field, these concerns underscore the need for additional research determining whether (and how) 

PE participation is associated with mental health outcomes among adolescents over time.  

1.8 Considerations for evaluating PE programs 

One of the key considerations when developing public health programs is to use an evidence-

informed decision-making process [167]. This process requires identifying evidence of effectiveness 

for policies and programs, translating that evidence into recommendations, and increasing the extent to 
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which that evidence is used in public health practice [168]. Many programs and policies; however, are 

not founded in evidence and/or lack thorough evaluation which poses difficulty in assessing their true 

effectiveness. Further, programs that are evidence-informed, may be poorly implemented. It is possible 

that the guidelines surrounding PE implementation (i.e., frequency, quality, or vigour of classes) or 

features of the PE environment (e.g., teaching style or social dynamics) are diminishing the potential 

health benefits. While the fundamentals of the PE curriculum are evidence-informed, there has yet to 

be a rigorous evaluation of the effectiveness of PE programs in Ontario.  

While the evidence generated from evaluations are essential for the development and enhancement 

of public health programs and policies, it can be challenging to conduct such evaluations within a real-

world context [169]. This may be particularly true for PE programming, where there are a wide range 

of potential challenges, from data-related challenges (e.g., data availability, reliability, or sample size), 

methodological challenges (e.g., study design), or even participant-related challenges (e.g., individual 

characteristics that influence one’s desire to enroll in PE or one’s experience in PE) confounding the 

true effectiveness of programs [170–172]. These challenges likely all contribute to the limited evidence 

base surrounding PE effectiveness.  

Randomized controlled trials are considered the gold standard when generating causal evidence 

[173]; randomization aims to reduce selection biases by ensuring that participants between two (or 

more) treatment conditions do not differ significantly on any observed or unobserved characteristics or 

covariates which may impact their outcome [173]. Studies without randomization, such as 

observational or cohort studies, are at risk for selection biases [173]. For example, individuals 

volunteering to participate in a given study may be systematically different from those who do not elect 

to participate. Randomization, however, is not always feasible nor ethical, particularly when conducting 

research involving youth or other at-risk populations [168]. One of the challenges in evaluating 

voluntary PE programs lies in the fact that enrollment is optional. As previously described, numerous 

student- and school-level factors may influence one’s decision to enroll in PE, and mandating 

participation is likely not practically, ethically, or logistically feasible; mandating participation may 

conflict with students’ preferences for course selection or interests, pose challenges for academic 

timetables, and interfere with extracurricular commitments [117]. Additionally, mandating enrollment 

solely for evaluation purposes would introduce bias, as it would no longer assess a genuinely voluntary 

program. 
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Quasi-experimental study designs leverage pre-existing or self-selected exposure groups (non-

randomized) to evaluate the effectiveness of interventions or programs [168]. Quasi-experimental 

designs offer an ethical and practical approach to the evaluation of programs and policies within the 

real-world context in which they’re delivered, increasing their generalizability [168, 174]. One of the 

primary criticisms for quasi-experimental designs is their internal validity [174]. In other words, 

identifying a control group that is comparable to the intervention group can pose a challenge within a 

real-world scenario [168]. In the context of the evaluation of a non-mandatory PE program, this 

represents the cohort of students who opt-out of PE; existing research in this field indicates that these 

groups should not be considered comparable due to self-selection bias (in terms of demographic, 

behavioural, and psychological characteristics), limiting the internal validity of the evaluation [170–

172]. However, there are a number of methodological strategies that can help increase the rigor of 

quasi-experimental designs, including adjusting for confounding variables, utilizing multiple control 

groups, or increasing the comparability of control groups through innovative methodological 

techniques [168, 174]. In fact, quasi-experimental designs that implement strategies to minimize 

selection bias and threats to internal validity have been considered the “next best” study design (behind 

RCTs) for generating causal evidence [175]. 
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Chapter 2: 

Research Questions and Rationale 

The aim of this dissertation is to improve current understanding of longitudinal patterns of physical 

activity behaviours of Ontario adolescents, namely non-mandatory physical education (PE), and to 

examine the impact of PE participation on physical activity and mental health outcomes. This 

dissertation is divided into three separate studies, presented as manuscripts for academic publication. 

2.1 Study 1: Identifying latent classes of physical activity profiles over time among 

adolescents in Ontario, Canada 

2.1.1 Rationale 

It is well established that physical activity behaviours are highly correlated [85–87], and research has 

started to explore concurrent participation in common types of physical activity and movement 

behaviours (e.g., moderate-to-vigorous physical activity (MVPA), sport participation sedentary 

behaviour, sleep) [74, 176]. PE participation has been linked to other forms of physical activity (e.g., 

sport participation), however, most of the PE participation research to date has examined PE 

participation in isolation, without consideration of other co-occurring physical activity behaviours [84, 

126, 147, 177]. Moreover, PE research within the Canadian context is scarce; it remains unknown how 

adolescents in Ontario are engaging with other physical activity behaviours alongside participation in 

elective PE. Therefore, the objective of Study 1 was to investigate longitudinal physical activity 

profiles, examining non-mandatory PE participation alongside other physical activity behaviours, 

among a large sample of secondary students in Ontario, Canada using a repeated measures latent class 

analysis (RMLCA).  

Data-driven statistical methods, such as latent class analysis and cluster analysis, are becoming 

increasingly common approaches to identifying connections between health behaviours [74, 176, 178–

181]. Latent class analysis is a person-centred statistical approach that identifies clusters of participants 

that share common characteristics [180]. Repeated measures latent class analysis is an extension of the 

traditional latent class analysis, permitting the examination of class indicators over multiple time points 

[182]. In the context of PE and physical activity research, RMLCA allows for the identification of 
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common patterns of behaviour change (i.e., physical activity profiles), and the probability of engaging 

in those behaviours over time.  

Deepening our understanding of concurrent, longitudinal participation in multiple physical activity 

behaviours (including participation in non-mandatory PE) would provide a more holistic view of 

adolescent physical activity patterns over time. By examining patterns of PE participation alongside 

other physical activity behaviours using an RMLCA approach, it enables us to better understand how 

students are participating in specific clusters of physical activity behaviours, and acknowledges that 

PE, sport participation, and MVPA are not necessarily independent. Moreover, it is also important to 

explore these physical activity profiles separately for female and male students as evidence indicates 

that there are sex-based differences in the preferences for certain physical activity behaviours [148, 

149]. Identification of these profiles and understanding the key characteristics of students belonging to 

each profile fills a knowledge gap with respect to physical activity engagement of Ontario youth, and 

could allow for the development of programs, curricula, and policies tailored to these subgroups.  

2.1.2 Research Questions 

1. Among students in Ontario who participated in four consecutive waves (2015/16-2018/19) of 

the COMPASS study, what are the latent classes of physical activity profiles from grade 9 to 

12? 

1.1. How do the identified latent classes differ between female and male students? 

1.2. Which individual or behavioural characteristics differentiate the latent classes of 

physical activity profiles? 

2.2 Study 2: Examining the longitudinal impact of participation in school-based 

physical education lessons on physical activity levels among a large sample of 

adolescents in Ontario, Canada 

2.2.1 Rationale 

There is a paucity of research evaluating PE programming in Canada [84], where PE programming 

throughout secondary school is for the most part non-mandatory [111, 118–120]. The extent to which 

PE participation impacts time spent engaging in MVPA has yet to be rigorously investigated, 

particularly in Ontario. In addition to the overall need for more research to better understand the impact 
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of volitional PE participation, there is also a need to adjust for inherent self-selection bias. Since there 

are many factors that influence a student’s choice to enroll in PE, and these factors can confound the 

relationship between PE and other behaviours, this makes determining the effectiveness of PE more 

challenging. Many studies in this area utilize regression analyses to examine the impact of PE 

participation on MVPA [84, 128, 183]; however, this can limit the ability to control for numerous 

covariates (and thus the number of potential confounders) within a single model [184]. As such, the 

purpose of study 2 was to quantify the impact that PE participation had on MVPA levels over time, 

among secondary school students in Ontario, Canada, while controlling for potential self-selection bias 

differences in observed individual characteristics using propensity scores. 

Propensity scoring is a statistical technique that helps reduce the impact of confounding in 

observational studies. Propensity scores represent the conditional probability of assignment to a 

particular exposure (e.g., treatment, intervention) given a set of observed covariates [185]. In practice, 

propensity scores act as a balancing measure that take into consideration a set of observed covariates 

that are believed to influence either (or both) the treatment assignment or outcome variable, in a real-

world setting. Propensity scores aggregate covariates into a single score [184]; this is in contrast to 

regression where studies are limited in the number of covariates they can include by their sample size. 

For example, in a study with 50 available potential covariates without a sufficiently large sample size, 

including all variables in a regression model may limit interpretability and lead to overfitting. In 

contrast, when using propensity scores, any number of observed covariates can be included, and 

participants that share scores are assumed to have similar characteristics, regardless of treatment 

assignment [186]. As such, if one can have a similar distribution of propensity scores across groups, 

this helps observational studies more closely reflect the strong internal validity given by randomization 

in experimental type studies, strengthening confidence in the findings. 

Findings from this research will provide insights into the extent to which participation in secondary 

school PE in Ontario impacts adolescent physical activity, by quantifying both the direct and the 

indirect effects of participation. Further, by leveraging methods that adjust for self-selection bias, this 

research provides a sex-stratified examination of the effectiveness of PE in Ontario over time. Findings 

from this study will provide either preliminary justification for increasing enrollment in PE programs 

across the province and/or the justification needed for the redesign or reimplementation of the 

provincial curriculum. 
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2.2.2 Research questions 

1. Among students in Ontario who participated in four consecutive waves (2015/16-2018/19) of 

the COMPASS study, controlling for differences in observed individual characteristics using 

propensity scores, what is the impact of participation in PE in grades 9 to 12 on daily MVPA 

over time? 

1.1. How does the impact of participation in PE in grades 9 to 12 on daily MVPA differ 

between female and male students? 

2.3 Study 3: The longitudinal impacts of physical education participation on adolescent 

mental health: a sex-stratified propensity score analysis  

2.3.1 Rationale 

Identifying modifiable factors that promote positive mental health and reduce the risk of mental 

disorder during adolescence can have long-term positive impacts on population health and wellbeing 

[11, 187]. Fostering positive mental health and promoting resilience are key objectives of PE curricula 

across Canada [111, 118, 119, 188]. Much of the published literature relating to PE and mental health 

has evaluated the impact of specific interventions (e.g., teacher workshops or high intensity interval 

training programmes) on mental health outcomes, rather than the impact of PE participation more 

generally [150]. Few observational studies have evaluated this association, and even fewer have 

quantified this association longitudinally or examined if there may be differential impacts on female 

students compared to male students [150]. The scarcity of research on this topic limits our 

understanding of whether PE participation is achieving its intended outcomes.  

The purpose of study 3 was to examine the impact of participation in secondary school PE on (a) 

symptoms of anxiety, (b) symptoms of depression, and (c) psychological wellbeing among adolescents 

in Ontario, Canada, controlling for observed differences in individual characteristics using propensity 

scores. This study is the first to examine the association between secondary school PE participation and 

mental health outcomes in Canada. Understanding whether PE programming in Ontario is successful 

at fostering positive mental health among adolescents or, conversely, whether it may be diminishing 

the mental health benefits often associated with physical activity participation has important 

implications for the delivery of PE programming in Canada. 



 

 22 

2.3.2 Research questions 

1. Among students in Ontario who participated in four consecutive waves (2015/16-2018/19) of 

the COMPASS study, controlling for differences in observed individual characteristics using 

propensity scores, what is the impact of participation in PE in grades 9 to 12 on youth mental 

health outcomes over time? 

1.1. Specifically, what are the differences in three distinct mental health outcomes, being: 

i) symptoms of anxiety, ii) symptoms of depression, iii) psychological wellbeing 

(flourishing)?  

1.2. How does the impact of participation in PE in grades 9 to 12 on each of the three mental 

health outcomes differ between female and male students? 
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Chapter 3: 

Methods 

The above research questions were explored using data from years 4 (2015-16) through 7 (2018-19) 

of the COMPASS Study. The following sections describe the data used for the proposed studies 

including information about the COMPASS host study, as well as the sampling and data collection 

procedures and the measures collected.  

3.1 The COMPASS Study 

The COMPASS Study (Cannabis use, Obesity, Mental health, Physical activity, Alcohol use, 

Smoking, Sedentary behaviour) is a school-based prospective cohort study (2012-27) of adolescents in 

Canada. Data are collected from secondary schools across five provinces (Ontario, Alberta, British 

Columbia, Prince Edward Island, and Québec). The COMPASS Study collects student- and school-

level data related to health behaviours (e.g., physical activity, substance use), mental health (e.g., 

depression, anxiety), substance use (e.g., binge drinking, cannabis use), and school infrastructure and 

policies (e.g., built environment, programs). The COMPASS Study was developed to evaluate how 

changes to school policies, programs, and/or the built environment influence adolescent health 

behaviours and outcomes over time [189]. The COMPASS Study was designed to facilitate the 

evaluation of natural experiments, using a quasi-experimental design, to inform school-based 

prevention programming. Additional information about the COMPASS Study is available online 

(www.COMPASS.uwaterloo.ca).  

3.1.1 Research funding and ethics 

The COMPASS Study was initiated in 2012-13 and is currently funding through the end of 2027. 

Funding details for the COMPASS Study can be found in Appendix A. Ethical approval was obtained 

through the University of Waterloo Office of Research Ethics (reference #30118) as well as all 

participating school boards. 

3.1.2 Data collection 

The COMPASS Study utilizes a whole-school convenience sampling approach; schools are eligible 

to participate if they: 1) operate under a standard classroom setting, 2) have students in grades 9 to 12 

(or école secondaire I-V in Québec), 3) have at least 100 enrolled students per grade, and 4) allow for 

http://www.compass.uwaterloo.ca/
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an active-information passive-consent parental permission protocol. Passive-consent protocols require 

students, or their parents/guardians, to opt-out rather than opt-in, yielding higher participation rates, 

reduced selection bias, and more truthful self-reporting of health behaviours [190]. These protocols 

have been widely adopted and have been approved by ethics boards at multiple universities and the 

school boards themselves. Under these protocols, parents were informed of the study by schools. If 

parents had any questions/concerns and/or did not wish to have their child participate, these students 

were ineligible for participation and were not provided a questionnaire. If after two weeks parents had 

not contacted study staff to withdraw their child, passive consent was assumed. All students not 

withdrawn by their parents were considered eligible for participation. All participating students 

provided active assent. Participation in the COMPASS Study is entirely voluntary, and students were 

free to withdraw at any time. The COMPASS Study recruitment coordinator is responsible for 

recruiting individual schools to participate in the study following school board approval and ethics 

clearance. 

The COMPASS Study collects data at the student-level using the COMPASS Student Questionnaire. 

The full 2018/19 COMPASS Student Questionnaire can be found in Appendix B. Data is collected 

longitudinally from a rolling cohort of students attending COMPASS schools; each year, grade 9 

students newly admitted to participating schools begin data collection and are followed on an annual 

basis until they graduate (unless they change schools, withdraw from data collection, or are lost to 

follow up) [189]. To allow for longitudinal data linkage among participants in COMPASS, students are 

identified using a unique self-generated code which preserves anonymity [191]. These unique codes 

are generated from student responses to five questions on the cover page of the COMPASS student 

questionnaire; responses to these questions do not change over time (e.g., the name of the month in 

which you were born) and cannot be used to identify participants. Additional information on data 

linkage procedures is available [191]. In an attempt to minimize the effect of seasonality of data 

collected over time, the COMPASS Study aims to arrange data collection schedules for each school 

around the same time each year. 

3.1.3 Sample 

The sample used in the three studies that make up this dissertation was generated by linking 

longitudinal data from students in Ontario who participated in four consecutive years of the COMPASS 

Study (Time 1 (TI): 2015-16; Time 2 (T2): 2016-17; Time 3 (T3): 2017-18; Time 4 (T4): 2018-19). 
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Among the students participating in T1 (n=37,106; 72 schools), T2 (n=34,078; 68 schools), T3 

(n=31,654; 61 schools), and T4 (n=30,675; 61 schools), data from 2,036 students across 48 secondary 

schools in Ontario were successfully linked. Students who were not enrolled in grade 9 at T1 and those 

who did not report their sex at T1 were excluded from study 1, for a total sample size of 1,917 students. 

An additional 57 students who were missing data on their physical education (PE) participation status 

or who reported more than one sex over the study period were excluded from studies 2 and 3, for a total 

sample size of 1,860.  

Data from these four years of the COMPASS Study were selected for this dissertation as they were 

the most recently linked dataset available at the time when this dissertation was initiated. Data from 

students residing in the province of Ontario were selected, as it is currently the province in Canada with 

the most lenient PE policy, with students only required to complete one secondary school-level PE 

course [111]. Ministries of Education within each province and territory are responsible for overseeing 

the policies, curriculum, and operation of public education throughout Canada [116]. As such, the PE 

policy in Ontario is distinct from that of other provinces and territories across Canada and should be 

examined independently.  

3.1.4 Measures 

COMPASS collects a wide breadth of variables at the student-level including data on student 

demographics, physical activity behaviours, academic indicators, substance use, and mental health. 

3.1.4.1 Physical education participation  

PE participation was assessed on the COMPASS questionnaire by asking students: “Are you taking 

a physical education class at school this year?” Students were asked to select one of the following 

response options: “Yes, I am taking one this term,” “Yes, I will be taking one or have one this school 

year, but not this term,” or “No, I am not taking a physical education class at school this year.” For 

study 1, student responses were collapsed into two mutually exclusive groups depending on their 

participation at any point during the school year (yes=1) or not (no=0). For studies 2 and 3, student 

responses retained their original coding scheme (yes, this semester=2), (yes, but not this semester=1), 

or not (no=0), to explore the impact of the timing of their PE participation. 
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3.1.4.2 Sociodemographic measures 

Students were asked to self-report their age, with yearly response options ranging from “13 years or 

younger” to “18 years or older,” and their sex, with response options of “Female” or “Male.” Students 

were asked to report their weekly spending money: “About how much money do you usually get each 

week to spend on yourself or to save?” Response options range from “Zero” to “More than $100.” This 

measure has been previously demonstrated to be a suitable proxy for socio-economic status as it is 

reported to be a more accessible value for youth to report on than household income [192].  

Students were also asked to self-report their racial or ethnic background, with response options of 

“White,” “Black,” “Asian,” “Latin American/Hispanic,” and “Other.” Responses were recategorized as 

a dichotomous indicator of racialized [Black, Asian, Latin American or Hispanic, Mixed, Other] or 

non-racialized [White]. The ethno-racial identity question used in this dissertation was selected for 

inclusion in the COMPASS questionnaire in 2012 and captures the constructs of both race and ethnicity 

[193]. For this dissertation, the variable has been operationalized as “ethno-racial identity” to align with 

the recently published guidance on the reporting of race and ethnicity by the Canadian Medical 

Association Journal [193]. To create more inclusive and specific options for participants, the question 

was updated for the 2020-2021 COMPASS data collection cycle. 

To measure height, students were asked “How tall are you without your shoes on?” Students were 

asked to record their height in either feet and inches or in centimetres. Students were also provided the 

response option “I do not know how tall I am.” To measure weight, students were asked “How much 

do you weigh without your shoes on?” Students were asked to record their weight in either pounds or 

kilograms. Similar to height, students were provided the response option “I do not know how much I 

weigh.” Student responses for height were converted from feet/inches to centimeters, and for weight 

were converted from pounds to kilograms. Height and weight data were then used to calculate students’ 

body mass index (BMI) (weight/height2). Improbable responses (heights less than 4ft or more than 

6ft11 inches and weights less than 45lbs or more than 390lbs) were recoded as missing and excluded 

from BMI calculations.  

Students were also asked about their weight perception and weight-control intentions. To measure 

weight perceptions, students were asked “How do you describe your weight?” Students were asked to 

select one of the following response options: “Very underweight,” “Slightly underweight,” “About the 

right weight,” “Slightly overweight,” “Very overweight,” or “Not stated.” Response options were 
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collapsed into “Very/Slightly underweight,” “About right,” and “Very/Slightly overweight.” To 

measure weight-control intentions, students were asked “Which of the following are you trying to do 

about your weight?” Students were asked to select one of the following response options: “Lose 

weight,” “Gain weight,” “Stay the same weight,” or “I am not trying to do anything about my weight.” 

Response categories for weight-control intentions were retained throughout the three studies.  

3.1.4.3 Movement behaviours 

Moderate-to-vigorous physical activity (MVPA) was assessed using a modified version of the 

physical activity measure in the School Health Action Planning and Evaluation System (SHAPES) 

[194]. Students were asked to report the number of hours and minutes of both moderate and hard 

physical activity on each of the last 7 days. Hard physical activity was defined as “activities that 

increase your heart rate, and that make you breathe hard and sweat (e.g., jogging, team sports, and 

jump-rope).” Moderate physical activity was defined as “lower intensity activities (e.g., walking, biking 

to school, and recreational swimming).” Students were asked to provide estimates that include physical 

activity during PE class, lunch, after school, evenings, and spare time. Students were asked to indicate 

the number of hours (0-4 h) and 15-min increments (0-45 min) they performed each activity for each 

day of the week. Student estimates from the two questions were totaled and averaged to provide a 

measure of minutes of daily MVPA. This physical activity measure has been previously validated for 

use among adolescents [195] and has been found to have acceptable test-retest reliability and criterion 

validity [196]. 

Physical activity guideline adherence was derived using self-reported measures of daily MVPA. 

Guideline adherence in this dissertation represented meeting the SWEAT (i.e., MVPA) component of 

the WHO and CSEP guidelines [9, 10]. Students were dichotomized into two groups dependent on their 

reported daily MVPA. Students were categorized as “Meeting the guidelines” if they reported ≥60 

minutes of MVPA on each of the last 7 days (rather than on average). Students who reported <60 

minutes on each of the last 7 days were categorized as “Not meeting the guidelines.” See Appendix C 

for the complete 2016 CSEP guidelines.  

Muscle strengthening exercise by asking students: “On how many days in the last 7 days did you 

do exercises to strengthen or tone your muscles?”, to which students may respond: “0 days,” “1 day,” 

“2 days,” “3 days,” “4 days,” “5 days,” “6 days,” or “7 days.” For study 1, responses were categorized 



 

 28 

into 0 days, 1–3 days, or 4–7 days per week. For studies 2 and 3, student responses were summed to 

provide a total number of days per week of muscle strengthening exercises.  

Sport participation was assessed through three distinct questions: “Do you participate in before-

school, noon hour, or after-school physical activities organized by your school?”, “Do you participate 

in competitive school sports teams that compete against other schools?”, and “Do you participate in 

league or team sports outside of school?”, to provide a measure of intramural, varsity, or community 

sport participation, respectively. For each question, students were asked to respond “Yes,” “No,” or 

“None offered at my school.” Participation in each of the three sport programs were reclassified as yes 

(=1) or no (=0), where “No” included students who responded, “None offered at my school.” A 

composite variable for overall sport participation was created for study 1; students who reported 

participating in at least one of the three sport programs were classified as sport participators (yes=1; 

no=0). For studies 2 and 3, intramural, varsity, and community sport participation were included as 

three distinct binary (yes/no) variables. 

To measure active transportation, students were asked to report their method of travel to and from 

school. Students were asked to select which of the following travel methods they typically took to get 

to and from school: “By car (as a passenger),” “By car (as a driver),” “By school bus,” “By public bus, 

subway, or streetcar,” “By walking,” “By bicycling,” or “Other.” Students that used more than one 

method were asked to select the method in which they spent the most time using. Students were 

classified into two mutually exclusive groups depending on their responses. Those that reported using 

methods of active transportation (e.g., walk, bus, subway, or streetcar, or bicycling) to and/or from 

school were coded as 1 and those that reported sedentary methods of transportation (e.g., by car, school 

bus) both to and from school were coded as 0. 

To measure sedentary behaviour, students were asked to self-report the number of hours (0-9) and 

15-min increments (0-45min) they spent engaging in the following sedentary activities: 

“watching/streaming TV shows or movies,” “playing video/computer games,” “doing homework,” 

“talking on the phone,” “surfing the internet,” “texting, messaging, emailing,” and “sleeping.” Student 

estimates across each category, except “doing homework” were totaled and averaged to provide a 

measure of minutes of daily screen-based sedentary behaviour. The CSEP guidelines [10] recommend 

no more than 2 hours of daily recreational screen time and limited sitting for extended periods of time. 
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Previous research within this sample leads us to believe that most students will not meet this 

recommendation [2] and as such, sedentary behaviour was modelled as a continuous variable. 

Sleep was assessed by asking students to report the number of hours (0-4 h) and 15-min increments 

(0-45 min) they typically sleep each night. The CSEP guidelines [10] recommend 8-10 hours of sleep 

per night for adolescents aged 14-17 years. For study 1, student responses were totalled, averaged, and 

reported as a binary indicator of the CSEP sleep guideline adherence, with students who reported ≥ 8 

hours per night, categorized as “Meeting the guidelines” [10]. Sleep was included as a continuous 

measure for studies 2 and 3. Student responses were totalled and averaged to generate an estimate of 

average sleep duration, ranging from 0 to 9.75 hours per night. 

3.1.4.4 Academic indicators 

Students were asked to report their approximate overall mark in their current or most recent English 

and Math courses as academic indicators. Students were asked “In your current or most recent English 

course, what is your approximate overall mark?” Response options included: “90% - 100%,” “80% - 

89%,” “70% - 79%,” “60% - 69%,” “55% - 59%,” “50% - 54%,” and “Less than 50%.” If students 

were not enrolled in an English course this year, they were asked to report their grade from the previous 

year. The same question was asked for students’ most recent Math course. Responses for each course 

were recategorized into: “< 60%,” “60–80%,” “80–90%,” and “> 90%.” 

Educational aspirations were assessed by asking students “What is the highest level of education 

you would like to get?” Response options included: “Some high school or less,” “High school diploma 

or graduation equivalency,” “College/trade/vocational certificate,” “University Bachelor’s degree,” 

“University Mater's / PhD / law school / medical school / teachers' college degree,” or “I don’t know.” 

Student response categories were retained in all three studies, however the response option “University 

Mater's / PhD / law school / medical school / teachers' college degree,” was relabeled “Graduate 

school.” 

Students were asked “In the last 4 weeks, how many classes did you skip when you were not supposed 

to?” to assess the number of classes skipped in the past month. Response options included “0 classes,” 

“1 or 2 classes,” “3 to 5 classes,” “6 to 10 classes,” “and “More than 20 classes.” Student responses 

were recategorized into the following groups “0 classes,” “1-5 classes,” and “≥6 classes.”  
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Bullying victimization was assessed by asking students “In the last 30 days, how often have you 

been bullied by other students?” Response options included “I have not been bullied by other students 

in the last 30 days,” “Less than once a week,” “About once a week,” “2 or 3 times a week,” and “Daily 

or almost daily.” Similarly, bullying perpetration was assessed by asking students “In the last 30 days, 

how often have you taken part in bullying other students?” Response options included “I did not bully 

other students in the last 30 days,” “Less than once a week,” “About once a week,” “2 or 3 times a 

week,” and “Daily or almost daily.” Student responses for each question were dichotomized into two 

groups dependent on their reported bullying behaviours in the past 30 days (yes=1) or not (no=0). 

3.1.4.5 Substance Use 

To measure current binge drinking, students were asked: “In the last 12 months, how often did you 

have 5 drinks of alcohol or more on one occasion?" Response options included: “I have never done 

this,” “I did not have 5 or more drinks on one occasion in the last 12 months,” “Less than once a month,” 

“Once a month,” “2 to 3 times a month,” “Once a week,” “2 to 5 times a week,” and “Daily or almost 

daily.” Student responses were dichotomized into two groups dependent on their reported binge 

drinking in the past year (yes=1) or not (no=0). 

To measure current cannabis use, students were asked: “In the last 12 months, how often did you 

use marijuana or cannabis? (a joint, pot, weed, hash).” Response options included: “I have never used 

marijuana,” “I have used marijuana but not in the last 12 months,” “Less than once a month,” “Once a 

month,” “2 or 3 times a week,” “4 to 6 times a week,” and “Every day.” Student responses were 

dichotomized into two groups dependent on their reported cannabis use of at least once a month (yes=1) 

or not (no=0). 

To measure current cigarette and current e-cigarette use, students were asked the questions: “On 

how many of the last 30 days did you smoke one or more cigarettes?” and “On how many of the last 

30 days did you use an e-cigarette?” Response options for each question included: “None,” “1 day,” “2 

to 3 days,” “4 to 5 days,” “6 to 10 days,” “11 to 20 days,” “21 to 29 days,” and “30 days (every day).” 

Student responses for each question were dichotomized into two groups dependent on their reported 

cigarette or e-cigarette use in the past 30 days (yes=1) or not (no=0). 
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3.1.4.6 Mental Health 

The COMPASS Study developed and piloted a mental health module in the student questionnaire in 

14 schools in Ontario and British Columbia in the 2016-17 data collection cycle [197, 198]. Following 

the pilot study, the mental health module was included in all COMPASS student questionnaires across 

all COMPASS Study schools in the 2017-18 data collection cycle [197, 198]. As such, mental health 

data were only available in the final two years of data included in this dissertation. 

COMPASS used a shortened version of the Center for Epidemiologic Studies Depression Revised 

(CESD-R-10) scale [199, 200] to assess risk of major depression. Students were asked to self-report 

how often they experienced various depressive symptoms (e.g., sadness, loneliness, trouble 

concentrating or sleeping) in the previous week. Response options were provided on a 4-point Likert 

scale (0 = “None or less than 1 day,” 1 = “1-2 days,” 2 = “3-4 days,” 3 = “5-7 days”) with individual 

sum scores ranging from 0 to 30 (higher scores indicating greater symptoms). The CESD-R-10 has 

been previously validated for use among adolescents [201, 202]. 

COMPASS used the Generalized Anxiety Disorder 7-item scale (GAD-7) [203] to assess risk of 

generalized anxiety. Students were asked to self-report how often they experienced various symptoms 

of anxiety (e.g., worrying, nervousness, irritability) over the previous 2 weeks. Response options were 

provided on a 4-point Likert scale (0 = “Not at all,” 1 = “Several days,” 2 = “Over half the days,” 3 = 

“Nearly every day”) with individual sum scores ranging from 0 to 21 (higher scores indicating greater 

symptoms). The GAD-7 has been previously validated for use among adolescents [204–206]. 

COMPASS used the Flourishing scale [207] to measure self-perceived psychological wellbeing. 

Students were asked to report their self-perceived success in various areas of wellbeing (e.g., 

relationships, self-esteem, life purpose, optimism). Response options were provided on a 5-point Likert 

scale (1 = “Strongly disagree,” 2 = “Disagree,” 3 = “Neither agree nor disagree,” 4 = “Agree,” 5 = 

“Strongly agree”) with individual sum scores ranging from 8 to 40 (higher scores indicating greater 

wellbeing). The Flourishing Scale has been previously validated for use among Canadian adolescents 

using COMPASS data [208].  

3.2 Statistical analyses 

Descriptive statistics were examined for the entire sample and stratified by sex. Differences in 

baseline characteristics between females and males were compared using chi-square test for 
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independence and t-tests, where appropriate. What was considered baseline varied by study; T1 (grade 

9; 2015-16) for study 1, T2 (grade 10; 2016-17) for study 2, and T3 (grade 11; 2017-18) for study 3. 

T2 was selected as the baseline timepoint for study 2 as it represents the time at which PE enrollment 

becomes non-mandatory. T3 represented the baseline timepoint for study 3 as it was the first year that 

mental health outcomes were available in the COMPASS Study.  

3.2.1 Study 1  

A repeated measures latent class analysis (RMLCA) was used to identify latent classes characterized 

by different longitudinal patterns of physical activity indicators across four consecutive years (grades 

9 through 12) of secondary school. An RMLCA was selected for this analysis rather than a latent 

transition analysis (LTA) as patterns of responses across all time points could be characterized in the 

latent classes; by contrast, an LTA examines the probabilities of transitioning from one latent class at 

time 1 to another latent class at time 2 (time points must be adjacent) [180]. Selection of an RMLCA 

also permitted a larger number of time points (i.e., all 4 years of secondary school) to be examined 

[180]. The objective of this study was to identify subgroups characterized by their patterns of physical 

activity behaviours over a four-year period (rather than the probability of changing physical activity 

behaviours from T1 to T2), therefore an RMLCA was selected as the most appropriate model. 

Categorical indicators of PE participation (yes/no), guideline adherence (yes/no), and sport 

participation (yes/no) were used as the RMLCA indicators. Number of possible response patterns is an 

important consideration for RMLCA, as too many possibilities can result in difficulty with convergence 

and problematic model fit [209]. Each binary indicator was measured at four time points (T1-T4, 

corresponding to grades 9, 10, 11, and 12), yielding a contingency table of 24 x 24 x 24 = 4,096 possible 

response patterns. PE participation was originally collected in the COMPASS Study as a trichotomous 

variable (yes, this semester; yes, but not this semester; and no, not this year), however, it was collapsed 

into a binary indicator reflecting PE participation within a given school year to minimize the number 

of possible response patterns (34 x 24 x 24 = 20,736). Similarly, varsity, community, and sport 

participation were collapsed into one composite measure of sport participation to reduce the number of 

possible response patterns (24 x 24 x 24 x 24 x 24 = 1,048,576).  

Model selection of RMLCA leverages measures of model fit to determine the number of latent 

classes. Akaike Information Criterion (AIC) [210] and Bayesian Information Criterion (BIC) [211] 

were used to assess relative model fit, with smaller fit criteria values indicating better model fit. The 
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Lo–Mendell–Rubin Adjusted Likelihood Ratio Test (LMRT) was used to compare model fit between 

a model with k classes compared to a model with k-1 classes [212]. Alongside model fit indicators, 

parsimony and interpretability of the model were also considered when selecting the number of latent 

classes. Latent class membership and item-response probabilities were generated for each latent class; 

because the three indicator variables were dichotomous, item response probability values >0.50 were 

considered to indicate high probability of that behaviour, and conversely <0.50 were considered to 

indicate a low probability of that behaviour. RMLCA models handle missing data using a full-

information maximum likelihood approach; this approach produces unbiased estimates under missing 

at random pattern missing data in the latent class indicators [213]. While RMLCA models can handle 

missing data, at least one indicator variable for each student was required to be present in the data for 

the student to be retained in the model. Relatedly, RMLCA models are unable to handle missing data 

on grouping variables (i.e., sex), and students who did not report their sex at T1 (n=9) were removed 

prior to analyses. RMLCA models were run using MPlus (Version 8) [214]. 

Sex-stratified multinomial logistic regression models were used to examine student characteristics 

associated with class membership. Student characteristics available in the COMPASS database that 

were known or suspected to influence at least one of the physical activity indicators (as established by 

previous literature) in the latent class models were examined. Logistic regression analyses were run 

using SAS version 9.4. A full description of the analytic approach for study 1 can be found in Chapter 

4.  

3.2.2 Study 2 

Study 2 used linear mixed models (LMM) to estimate the average effect of PE participation on 

average daily MVPA levels in T2-T4 (grades 10 through 12). Models were stratified by sex to examine 

the differential impact of PE participation between female and male students. Student data from T1 

(grade 9) was not included in this analysis as all students in Ontario are required to participate in grade 

9 PE. 

To account for the disproportionate influence of student characteristics on the probability of opting 

into PE, models were adjusted using doubly robust propensity score methodology which accounts for 

observed covariates known, or suspected, to influence PE participation. A propensity score representing 

the probability of a student opting-in to PE was calculated for each student given all their individual 

covariates. The propensity scores were recalculated during each school year to account for changes in 
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time varying confounders (e.g., age, current substance use) included in the propensity scores [184]. 

Student characteristics available in the COMPASS database that were known or suspected to influence 

PE participation or physical activity were included in the propensity scores [215, 216]. A complete list 

of covariates included in the propensity score model is presented in Chapter 5. Missing data indicator 

variables were generated for each covariate included in the propensity score to adjust for nonresponse 

[186]. The estimated propensity scores were therefore balanced both on the observed values of 

covariates as well as the pattern of missing value indicators. Propensity scores were applied as sampling 

weights to the LMMs through inverse probability of treatment weighting (IPTW)[184].  

Estimated propensity scores represented the conditional probability of a student opting into voluntary 

PE, given their individual characteristics [185]. Students were assigned a propensity score between 0 

(low probability of participation) and 1 (high probability of participation) which were used to generate 

sample weights. Students who opted-in to PE (i.e., exposed) have a weight of the inverse of their 

propensity score, whereas students who opted-out of PE (i.e., unexposed) have a weight of the inverse 

of 1 minus their propensity score. As such, students with a high probability of participating in PE will 

have a smaller weight and students with a low probability of participating in PE will have a larger 

weight. With this weighting, the distribution of student covariates that were used to estimate the 

propensity scores become independent of exposure status (i.e., participation in PE).  

Sample weights generated from propensity scores at the extreme ends of the spectrum (i.e., 0 or 1) 

can lead to biased and unstable effect estimates [215, 217]. Subjects with extreme sample weights 

overcontribute to the pseudo-population and can dominate the weighted analysis, resulting in biased 

estimates [215, 217]. As a means of reducing the exertion of any influential weights, weights were 

stabilized and truncated at the 1st and 99th percentiles. Weight stabilization incorporated the overall 

probability of treatment (i.e., the proportion of students in our sample who participated in PE) into the 

formula to generate more stable weights that were less influenced by outliers. Weight truncation capped 

all weights exceeding the thresholds of the 1st and 99th percentiles, to reduce the possible effects of 

extreme weights and to ensure stable weighting [215, 217]. Sample weight stabilization and truncation 

increased the robustness of the analysis and generated more reliable estimates with a reduced risk of 

bias due to extreme values [217]. 

Standardized mean differences (SMD) were used to ensure that the propensity scores sufficiently 

removed any between group differences. SMDs represent the difference in means divided by the pooled 
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standard deviation, of each covariate both pre- and post-weighting. Any imbalances that remained 

between covariates following weighting were included as covariates in the LMMs [218]. LMMs can 

handle monotone missingness type (i.e. attrition) in the outcome, under the assumption that data is 

missing at random. LMMs are not able to handle missing data on predictor variables or covariates, and 

as such any student missing data on PE participation at any timepoint (N=57) were removed from the 

sample. Propensity score generation, and LMMs were conducted using SAS (Version 9.4).  

3.2.3 Study 3 

Study 3 used LMMs to estimate the average effect of PE participation on symptoms of anxiety, 

depression, and psychological wellbeing in T3-T4 (grades 11 through 12). Similar to study 2, models 

were stratified by sex to examine the differential impact of PE participation on female and male 

students. As previously described, the COMPASS mental health module was fully implemented in 

student questionnaires in the 2017-18 data collection year, therefore, two full waves of mental health 

data were available for inclusion in this analysis. As such, this study utilized longitudinal data from the 

2017-18 and 2018-19 data collection years of the COMPASS study. 

Study 3 implemented a similar analytical approach as outlined in study 2. Propensity scores were 

generated using all covariates known (or suspected) to influence PE participation and/or symptoms of 

anxiety, depression, and psychological wellbeing available in the COMPASS Study. Propensity scores 

were generated for each year of data included in the analysis and were applied as sampling weights 

using IPTW. Sample weights were stabilized and truncated at the 1st and 99th percentiles. Three unique 

LMMs were run to estimate the average effect PE participation on (a) symptoms of anxiety, (b) 

symptoms of depression, and (c) psychological wellbeing, independently. Propensity score generation, 

and LMMs were conducted using SAS (Version 9.4).  
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4.1 Overview 

Background: Physical activity behaviours are known to be highly correlated. Adolescents who 

participate in one type of physical activity (e.g., physical education) have a greater likelihood of 

participating in other physical activities (e.g., organized sports); however, little research has examined 

participation rates in various physical activity behaviours concurrently. This study identified 

longitudinal physical activity profiles among secondary school aged youth in Ontario, Canada.  

Methods: We used data from the COMPASS Study, a school-based prospective cohort study of 

adolescents in Canada. Using a repeated measures latent class analysis, Ontario students who 

participated in grade 9 PE in 2015-16 were analysed through to 2018-19 (n = 1,917). Latent classes 

were defined by: PE participation, guideline adherence (≥60 minutes/day of moderate to vigorous 

activity over the last 7 days), and sport participation (varsity, community, and/or intramural). 

Multinomial logistic regression models were used to examine associations between latent class 

membership and student characteristics. 

Results: Three distinct latent classes were identified for females, and four were identified for males. 

These classes were: 1) Guidelines (high probability of guideline adherence; females: 44%; males: 16%), 

2) PE & Sports (high probability of PE and sport participation; females: 33%; males: 43%), 3) 

Guidelines & Sports (high probability of guideline adherence and sport participation; females: 23%; 

males: 23%;), and 4) Inactive (low probability of all physical activity indicators; males: 18%). Strength 

training, sleep, and English grade were associated with class membership among females. Ethno-racial 

identity, weekly spending money, strength training, and English and math grades were associated with 

class membership among males.  

Conclusions: Findings suggest that latent physical activity profiles differ by sex. Guideline adherence 

was the most common class among females, indicating high levels of independent physical activity, 

whereas PE & Sport participation was the most common class among males, indicating greater 

tendency towards organized activities. Additionally, a substantial number of male students were not 

engaging in any physical activity. Participation in both PE and sports did not necessarily lead to meeting 

physical activity guidelines, highlighting that these activities alone may not be providing sufficient 

levels of physical activity that align with current recommendations for Canadian youth. 

Keywords: physical activity, physical education, sport participation, adolescent, repeated measures 

latent class analysis  
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4.2 Introduction  

Adolescence is a critical developmental period during which many behavioural patterns are 

established [1]. Health behaviours, including physical activity patterns, are set during adolescence and 

track into adulthood [4]. The World Health Organization (WHO) and the Canadian Society for Exercise 

Physiology (CSEP) recommends that adolescents accumulate ≥60min of moderate-to-vigorous 

physical activity (MVPA) daily and incorporate vigorous physical activities as well as muscle and bone-

strengthening activities ≥3 days per week [9, 10]. However, evidence suggests that youth are not 

engaging in suggested levels of regular physical activity and have grown increasingly sedentary in the 

last decade [11]. Schools have been identified as an ideal setting for addressing physical inactivity 

among adolescents, given that they spend majority of their waking hours at school [141]. Opportunities 

for physical activity that are embedded within the school curriculum, such as physical education (PE) 

courses, can provide equal opportunity for youth of all ages and backgrounds to structure activity into 

their weekly routine [1, 112, 133]. 

Many PE programs are developed with the intention of fostering physically literate adolescents who 

are active both inside and outside of school settings [1, 219, 220]. Despite this, most secondary schools 

in Ontario, Canada do not mandate annual PE courses after grade 9, precipitating a substantial drop in 

PE participation rates with increasing age [133]. A similar age-related decline is seen globally and is 

more pronounced among female students; among the estimated 20-65% of secondary school students 

globally who are not enrolled in regular PE classes past grade 9 [112, 126–128, 133], girls comprise a 

larger proportion compared to boys [126, 131, 132]. In Canada, PE is developed and implemented at 

the provincial level; provincial and territorial Ministries of Education are responsible for overseeing 

the policies, curriculum, and operation of public education across each province and territory [116]. As 

such, the PE policy in Ontario is unique from those of other provinces, territories, regions, and 

countries. 

Physical activity behaviours are known to be highly correlated; existing studies have demonstrated 

that previous physical activity participation [77] and community sports participation [78–80] are 

positively associated with current physical activity patterns in adolescence. Additionally, adolescents 

who participate in one type of physical activity (e.g., PE) have a greater likelihood of participating in 

other physical activities (e.g., organized sports) [84]. Further, diverse participation in physical activity 

during adolescence is associated with higher levels of physical activity in adulthood [85–87]. Despite 
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the need for a comprehensive approach to examine concurrent participation in various physical activity 

behaviours over time, PE participation research to date has primarily examined PE participation in 

isolation, without consideration of other co-occurring physical activity behaviours, and has been 

descriptive in nature [84, 126, 147, 177].  

Data-driven statistical methods, such as latent class analysis and cluster analysis, are becoming 

increasingly common approaches to identifying connections between health behaviours [178–181]. 

Latent class analysis is a person-centred statistical approach that identifies clusters of participants that 

share common characteristics [180]. Repeated measures latent class analysis (RMLCA) is an extension 

of the traditional latent class analysis, permitting the examination of class indicators over multiple time 

points [182]. In the context of PE and physical activity research, RMLCA allows for the identification 

of common patterns of behaviour change (i.e., physical activity profiles), and the probability of 

engaging in those behaviours over time.  

To better understand age-related decline in physical activity during adolescence, this research 

investigated longitudinal physical activity profiles (non-mandatory PE participation, adherence to 

physical activity guidelines, and sport participation) among a large sample of secondary students in 

Ontario, Canada. This study had the following objectives: 1) to identify the latent classes of physical 

activity profiles among secondary school aged adolescents over time; 2) to determine whether the 

identified latent classes differ between female and male adolescents; and 3) to determine which 

behavioural characteristics differentiate the latent classes.  

4.3 Methods 

4.3.1 Design 

This study used data from the Cohort study of obesity, marijuana use, physical activity, alcohol use, 

smoking and sedentary behaviour (COMPASS Study), a school-based prospective cohort study (2012-

2021) of adolescents in Canada. The COMPASS study collects student- and school-level data from 

schools in Alberta, British Columbia, Ontario, and Quebec, Canada using a purposive sampling 

approach and an active-information passive-consent parental permission protocol. All students 

attending participating schools were eligible to participate and could withdraw at any time. The 

COMPASS study received ethics clearance from the University of Waterloo Office of Research Ethics 
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(ORE: #30118) as well as participating school boards. A detailed description of COMPASS study 

methods is available online (www.compass.uwaterloo.ca) or in print [189]. 

4.3.2 Participants  

This study used linked-longitudinal data from students in Ontario who participated in four 

consecutive years of the COMPASS Study (Time 1 (T1): 2015–16, n=37,106; Time 2 (T2): 2016-17, 

n=34,078; Time 3 (T3): 2017-18, n=31,654; Time 4 (T4): 2018-19, n=30,675). Student data were linked 

across timepoints using a unique, self-generated code as described in COMPASS data collection 

protocols [191]. A total of 2,036 students from 48 secondary schools across Ontario were successfully 

linked from T1 to T4. Students who were not enrolled in grade 9 at T1 (n=110) and those who did not 

report their sex at T1 (n=9) were excluded.  

4.3.3 Measures 

A detailed description of the development and selection of the measures used in the COMPASS 

questionnaire COMPASS has been previously published and is available online 

(www.compass.uwaterloo.ca) [194]. 

4.3.3.1 Physical activity  

Physical activity measures included self-reported PE participation, guideline adherence, and sports 

participation. The COMPASS questionnaire does not measure the quantity of physical activity 

performed during various physical activity contexts (intramural, community, or varsity sports, and PE), 

rather it captures participation in each activity within a given academic school year. 

PE participation was assessed by asking students to select one of the following response options: 

“Yes, I am taking one this term,” “Yes, I will be taking one or have one this school year, but not this 

term,” or “No, I am not taking a physical education class at school this year.” Responses were collapsed 

to a binary variable indicating PE participation or not during a given school year.  

Physical activity guideline adherence was assessed using a modified version of the physical activity 

measure in the School Health Action Planning and Evaluation System (SHAPES) [194]; the 

COMPASS MVPA measure has been found to have acceptable test-retest reliability and criterion 

validity [196]. Students were asked to report the number of hours (0-4) and minutes (0-45) of both 

moderate (e.g., walking, biking to school, and recreational swimming) and hard (e.g., jogging, team 
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sports, and jump-rope) physical activity on each of the last 7 days. Responses were totaled, averaged, 

and dichotomized into two groups “<60 minutes on each of the last 7 days” and ≥60 minutes on each 

of the last 7 days” to align with one component of the WHO and CSEP guidelines [9, 10].  

Sport participation was assessed through three distinct questions. Students were asked to report their 

participation in each intramural, community, and varsity sports as “Yes,” “No,” or “None offered at my 

school.” A composite binary variable for overall sport participation was created; those reporting 

participation in at least one of the three sport programs were classified as sport participators.  

4.3.3.2 Other Physical Activity Measures 

Students were asked to report the number of days they engaged in strength training exercises. 

Responses were categorized into 0 days, 1-3 days, or 4-7 days. Sedentary behaviour was assessed by 

asking students to report the number of hours (0-9) and 15-min increments (0-45min) they spend 

engaging in various sedentary following activities (e.g., watching/streaming TV shows or movies, 

playing video/computer games, doing homework, talking on the phone, surfing the internet, and texting, 

messaging, or emailing,). Estimates across each activity, except “doing homework” were totaled, and 

averaged to provide a measure of hours of daily sedentary behaviour. Active transportation was 

assessed by asking students to report their method of travel both to and from school. Those who reported 

using active transportation (e.g., walk or bicycling) at least one way were classified as using active 

transportation.  

4.3.3.3 Sleep 

Sleep was assessed by asking students to report the number of hours and minutes they typically sleep 

each night. Responses were totalled, averaged, and reported as a binary indicator of the Canadian 

Society for Exercise Physiology (CSEP) guideline adherence (≥8 hours per night) [10]. 

4.3.3.4 Academic Indicators 

Students were asked to report their approximate overall mark in their current or most recent English 

and Math courses. Responses for each course were categorized into <60%, 60-80%, 80-90%, and 

>90%. Desired educational attainment was assessed by asking students “What is the highest level of 

education you would like to get?” Response options included: "Some high school or less", "High school 

diploma or graduation equivalency", "College/trade/vocational certificate", "University Bachelor's 

degree", "Graduate school", or "I don't know".  
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4.3.3.5 Sociodemographic measures 

Students were asked to self-report their sex (female, male) and age (13-18 years). Students were 

asked to self-report their ethno-racial identity. Responses were recategorized as a dichotomous 

indicator of racialized [Black, Asian, Latin American or Hispanic, Mixed, Other] or non-racialized 

[White]. As a proxy for student socioeconomic status, students were asked to report their weekly 

spending money ($0, $1–$20, $21–$100, $100+, Don’t know). This measure has been previously 

demonstrated to be a more accessible value for youth to report on than household income [192]. 

4.3.4 Analysis  

Descriptive statistics at T1 were examined for the entire sample and stratified by sex. Differences in 

baseline characteristics between males and females were compared using chi-square and t-tests, where 

appropriate. An RMLCA was used to identify latent classes characterized by different longitudinal 

patterns of physical activity indicators across four consecutive years of secondary school. A RMLCA 

was selected for this analysis rather than a latent transition analysis (LTA) as patterns of responses 

across all time points could be characterized in the latent classes (rather than examining probabilities 

of transitioning from a particular latent class at time 1 to another latent class at time 2) and it permitted 

a larger number of repeats (i.e., all 4 years of secondary school) [180]. Categorical indicators of PE 

participation, guideline adherence, and sport participation were used as the latent class indicators. Each 

binary indicator was measured at four time points (T1-T4, corresponding to grades 9, 10, 11, and 12). 

Sex was used as a grouping variable to explore the differences in the latent class structure between 

females and males. Models accounted for the nesting of students within schools by taking into account 

the non-independence of observations due to cluster sampling [221]. The number of latent classes were 

selected using various measures of model fit (relative: Akaike Information Criterion (AIC) and 

Bayesian Information Criterion (BIC); between-model: Lo–Mendell–Rubin Adjusted Likelihood Ratio 

Test). Alongside model fit indicators, parsimony and interpretability of the model were considered 

when selecting the number of latent classes.  

Sex-stratified multinomial logistic regression models were used to examine student characteristics 

associated with class membership. A considerable amount of literature has established that numerous 

student characteristics and health behaviours influence physical activity, PE enrolment, and/or sports 

participation among adolescents [78, 126, 132, 136]. Student characteristics and health behaviour 

variables available in the COMPASS database that are known or suspected to influence at least one of 
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the physical activity indicators included in the latent class models were included in this analysis. 

Student characteristics included age [2, 77], ethno-racial identity [78, 79], weekly spending money [78], 

use of active transportation [222], sedentary behaviour [3, 78], sleep [223], strength training [224], 

desired educational attainment [82], English grade [83], and math grade [83]. RMLCA models were 

conducted using MPlus version 8 and logistic regression analyses using SAS version 9.4.  

4.4 Results 

4.4.1 Study participants 

Overall, 1917 students were included in this study. Approximately half of the sample was female 

(53%), and the majority (77%) were 14 years of age at T1 (Table 4-1). Weekly spending money, 

minutes of MVPA, guideline adherence, and varsity and community sport participation differed 

between males and females at T1. Male students in this sample engaged in more minutes of MVPA 

(115.7 vs 96.4 mins/day) compared to female students. A greater proportion of males met the physical 

activity guidelines (55% vs 42%) and participated in varsity (47% vs 41%), or community sports (62% 

vs 50%) compared to females.  

Table 4-1: Sample descriptives by sex at T1 (2015/16) 

 

Total sample 

(n=1,917) 

n (%) 

Females (n=1,011) 

n (%) 

Males (n=906) 

n (%) 

Chi-

square /t 
P value 

Age 

13 90 (5) 45 (4) 45 (5) 

0.317 0.957 
14 1473 (77) 778 (77) 695 (77) 

15 348 (18) 185 (18) 163 (18) 

16 6 (0) 3 (0) 3 (0) 

Ethno-racial identity 

Non-racialized 1407 (73) 742 (73) 665 (73) 

0.0167 0.897 Racialized 500 (26) 262 (26) 238 (26) 

Missing 10 (0) 7 (1) 3 (0) 

Weekly spending money 

Zero 476 (25) 254 (25) 222 (24) 

11.200 0.024 

$1-$20 786 (41) 425 (42) 361 (40) 

$21-$100 319 (17) 157 (15) 162 (18) 

$100+ 63 (3) 22 (2) 41 (4) 

Don't know 260 (13) 145 (14) 115 (13) 

Missing 13 (1) 8 (1) 5 (0) 
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Note: IQR = interquartile range. MVPA = moderate-to-vigorous physical activity. PE = physical 

education. Bolded values indicate significance.  

 

PE participation 

Yes 952 (50) 500 (49) 452 (50) 

0.266 0.876 

Yes, but not this 

semester 
755 (39) 396 (40) 359 (40) 

No 191 (10) 104 (10) 87 (10) 

Missing 19 (1) 11 (1) 8 (1) 

MVPA (daily) 

Minutes (median, 

IQR) 

107.1 (64.3 - 

154.3) 
96.4 (62.1 - 147.9) 115.7 (72.9 - 160.7) 

4.106 <0.0001 

Missing 90 (5) 40 (4) 50 (5) 

Guideline adherence (past week) 

Yes 926 (48) 428 (42) 498 (55) 

30.634 <0.0001 No 953 (50) 562 (55) 391 (43) 

Missing 38 (2) 21 (2) 17 (2) 

Strength training  

0 days 361 (19) 189 (1) 172 (9) 

2.680 
0.444 

 

1-3 days 826 (43) 452 (45) 374 (41) 

4-7 days 706 (37) 357 (35) 349 (38) 

Missing 24 (1) 13 (1) 11 (1) 

Sedentary behaviour (daily) 

Hours (median, 

IQR) 
6.0 (4.0 – 8.5) 6.0 (3.75 – 8.5) 6.0 (4.0 – 8.5) 

0.388 0.698 

Missing 80 (4) 46 (4) 34 (4) 

Varsity sports 

Yes 841 (44) 416 (41) 425 (47) 

6.807 0.009 No 1058 (55) 587 (58) 471 (52) 

Missing 18 (1) 8 (1) 10 (1) 

Community sports 

Yes 1073 (56) 506 (50) 567 (62) 

30.969 <0.0001 No 830 (43) 498 (49) 332 (37) 

Missing 14 (1) 7 (1) 7 (1) 

Intramural sports 

Yes 803 (42) 417 (41) 386 (43) 

0.338 0.561 No 1098 (57) 585 (58) 513 (57) 

Missing 16 (1) 9 (1) 7 (1) 

Sport participation 

Yes 1370 (71) 683 (67) 687 (76) 

16.05 0.0003 No 539 (28) 323 (32) 216 (24) 

Missing 8 (0) 5 (0) 3 (0) 
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4.4.2 Model selection 

Model fit statistics for RMLCAs with one to five classes were considered (Table 4-2). A three-class 

model was selected as the best fitting model among females, whereas a four-class model was selected 

as the best fitting model among males. Models with the lowest model selection criteria, a statistically 

significant Lo-Mendell-Rubin test, and the most appropriate interpretability were selected for this 

study.  

Table 4-2: Model fit indices for 1-5 latent class models among students who participated in COMPASS  

Number of Classes Log-Likelihood FP AIC BIC 
LMRT 

Entropy 
p-Value 

Female (n = 1011) 

1 -7450.1 12 14924.1 14983.1 - 1.00 

2 -6701.1 25 13452.1 13575.1 0.00 0.87 

3 -6550.7 38 13177.3 13364.2 0.03 0.79 

4 -6467.7 51 13037.4 13288.3 0.34 0.74 

Male (n = 906) 

1 -6678.595 12 13381.2 13438.9 - 1.00 

2 -5931.161 25 11912.3 12032.5 0.00 0.86 

3 -5764.971 38 11605.9 11788.7 0.04 0.80 

4 -5676.066 51 11454.1 11699.4 0.02 0.79 

5 -5607.787 64 11343.6 11651.4 0.24 0.77 

Note: AIC = Akaike Information Criterion. BIC = Bayesian Information Criterion. FP = free 

parameters. LMRT = Lo–Mendell–Rubin Test. Bolded models were selected. 

 

4.4.3 Class description 

The three classes identified among female adolescents in this study, characterized by their clustered 

physical activity profiles, were labeled: Guidelines, Guidelines & Sports, and PE & Sports. All three 

classes identified among females were also identified among male students. One additional class, 

labeled Inactive, was identified among males. Item response probabilities for each physical activity 

indicator in each class among female and male adolescents are presented graphically in Figure 4-1. 

The first latent class, “Guidelines”, represented 44% of female adolescents and 16% of male 

adolescents. This class was characterized by consistent adherence to the physical activity guidelines 

and no participation in sports or PE across timepoints. The “PE & Sports” class, which represented 

33% and 43% of females and males, respectively, was characterized by consistent participation in sports 

across timepoints, participation in PE in grades 10 and 11, but no adherence to the physical activity 
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guidelines at any timepoint. The “Guidelines & Sports” class is characterized by consistent adherence 

to the physical activity guidelines and sport participation across all timepoints, but no participation in 

PE in grades 10-12. This class represented 23% of both female and male adolescents. Finally, the 

“Inactive” class, which represented 18% of male adolescents, was characterized by no adherence to the 

physical activity guidelines or participation in sports across all timepoints, and no participation in PE 

in grades 10-12. 

 

Figure 4-1 Physical activity profile item probabilities for each latent class among students who 

participated in COMPASS 
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4.4.4 Regression analyses 

Results of the logistic regression models for female and male adolescents are presented in Table 4-3 

and Table 4-4, respectively.  

Among females, strength training of any frequency was positively associated with being in the 

Guidelines & Sports class, compared to the Guidelines class. Conversely, daily duration of sedentary 

behaviour was negatively associated with being in the Guidelines & Sports class. Strength training of 

any frequency, engaging in active travel, having weekly spending money between $21–100, and 

meeting the sleep guidelines were positively associated with being in the PE & Sports class, compared 

to the Guidelines class. Conversely, being racialized and having an English grade >90% were 

negatively associated with being in the PE & Sports class.  

Among males, strength training 4-7 days a week and having weekly spending money between $21–

100 were positively associated with being in the Guidelines & Sports class, compared to the Guidelines 

class. Conversely, being racialized and daily duration of sedentary behaviour were negatively 

associated with being in the Guidelines & Sports class. Similarly, strength training of any frequency, 

having weekly spending money between $21–100, and meeting the sleep guidelines were positively 

associated with being in the PE & Sports class, compared to the Guidelines class. Being racialized, 

daily duration of sedentary behaviour, having a desired educational attainment of secondary school or 

less, and having an English grade >60%, however, were negatively associated with being in the PE & 

Sports class. Finally, strength training of any frequency, having weekly spending money between $21–

100, and having an English grade between 60-80% were positively associated with being in the Inactive 

class, and being racialized and having a desired educational attainment of graduate school were 

negatively associated with being in the Inactive class. 

Table 4-3: Student characteristics associated with latent class membership among female students 

who participated in COMPASS 

 

Model 1: Class 2 (Guidelines 

& Sports) vs. Class 1 

(Guidelines) 

Model 2: Class 3 (PE & 

Sports) vs. Class 1 

(Guidelines) 

OR (95% CI) OR (95% CI) 

Age  
 0.78 (0.53 - 1.15) 0.95 (0.67 - 1.34) 

Ethno-racial identity  

Racialized 0.89 (0.59 - 1.35) 0.59 (0.40 - 0.87) 

Non-racialized (ref) - - 
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Weekly Spending Money 

$0 0.93 (0.59 - 1.46) 0.94 (0.62 - 1.43) 

$1–20 (ref) - - 

$21–100 1.13 (0.65 - 1.95) 1.73 (1.08 - 2.78) 

$100+ 1.99 (0.61 - 6.47) 1.34 (0.41 - 4.35) 

Don’t know/missing 0.99 (0.57 - 1.71) 1.18 (0.72 - 1.92) 

Strength Training  

0 (ref) - - 

1-3 days 3.02 (1.73 - 5.26) 2.28 (1.35 - 3.83) 

4-7 days 3.01 (1.78 - 5.09) 4.06 (2.53 - 6.52) 

Active Travel 

Yes 0.85 (0.54 - 1.35) 0.49 (0.31 - 0.77) 

No (ref) - - 

Sedentary Behaviour (hours, per day)  

  0.89 (0.85 - 0.95) 0.96 (0.92 - 1.01) 

Sleep Guidelines  

Yes 1.15 (0.80 - 1.65) 1.53 (1.10 - 2.13) 

No (ref) - - 

Desired Educational Attainment 

Secondary School or less 0.26 (0.03 - 2.26) 0.76 (0.22 - 2.60) 

College or Trade  0.82 (0.32 - 2.07) 0.87 (0.40 - 1.88) 

Bachelors (ref) - - 

Graduate School  1.61 (0.91 - 2.85) 1.56 (0.93 - 2.61) 

I don't know 0.80 (0.42 - 1.51) 0.71 (0.40 - 1.26) 

English Grade 

<60% 0.65 (0.06 - 6.52) 1.28 (0.27 - 6.12) 

60-80% 0.70 (0.43 - 1.13) 1.04 (0.69 - 1.56) 

80-90% (ref) - - 

>90% 0.66 (0.42 - 1.04) 0.61 (0.39 - 0.94) 

Math Grade  

<60% 0.33 (0.11 - 1.01) 0.49 (0.22 - 1.12) 

60-80% 0.83 (0.52 - 1.34) 1.07 (0.71 - 1.62) 

80-90% (ref) - - 

>90% 1.46 (0.94 - 2.26) 1.31 (0.86 - 2.00) 

Note: CAD = Canadian dollars. CI = confidence interval. OR = odds ratio. PE = physical education. 

Ref= reference category. Bolded values indicate significance.  

 

Table 4-4: Student characteristics associated with latent class membership among male students who 

participated in COMPASS 

 

Model 3: Class 2 

(Guidelines & Sports) vs. 

Class 1 (Guidelines)  

Model 4: Class 3 (PE & 

Sports) vs. Class 1 

(Guidelines)  

Model 5: Class 4 

(Inactive) vs. Class 1 

(Guidelines) 
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OR (95% CI) OR (95% CI) OR (95% CI) 

Age  

 0.95 (0.58 - 1.56) 0.90 (0.55 - 1.45) 1.22 (0.70 - 2.11) 

Ethno-racial identity 

Racialized 0.50 (0.30 - 0.85) 0.25 (0.15 - 0.42) 0.72 (0.41 - 1.27) 

Non-racialized (ref) - - - 

Weekly Spending Money  

$0 1.03 (0.58 - 1.82) 0.72 (0.41 - 1.26) 1.06 (0.56 - 2.01) 

$1–20 (ref) - - - 

$21–100 2.27 (1.05 - 4.91) 2.32 (1.11 - 4.84) 2.46 (1.08 - 5.58) 

$100+ 2.49 (0.70 - 8.80) 1.38 (0.40 - 4.77) 1.31 (0.31 - 5.51) 

Don’t know/missing 2.82 (1.09 - 7.28) 2.86 (1.15 - 7.11) 2.87 (1.05 - 7.82) 

Strength Training 

0 (ref) - - - 

1-3 days 1.02 (0.54 - 1.93) 2.98 (1.52 - 5.86) 2.10 (1.03 - 4.28) 

4-7 days 1.80 (1.00 - 3.21) 11.03 (5.91 - 20.57) 3.22 (1.65 - 6.28) 

Active Travel  

Yes 1.28 (0.70 - 2.35) 1.06 (0.58 - 1.92) 1.32 (0.68 - 2.56) 

No (ref) - - - 

Sedentary Behaviour (hours, per day)  

  0.93 (0.86 - 1.00) 0.93 (0.87 - 0.99) 0.98 (0.91 - 1.06) 

Sleep Guidelines  

Yes 1.44 (0.88 - 2.35) 1.64 (1.02 - 2.62) 1.32 (0.77 - 2.27) 

No (ref) - - - 

Desired Educational Attainment  

Secondary School or less 0.24 (0.05 - 1.10) 0.27 (0.07 - 0.98) 0.75 (0.22 - 2.55) 

College or Trade  0.7 (0.25 - 1.93) 0.91 (0.36 - 2.30) 1.07 (0.40 - 2.84) 

Bachelors (ref) - - - 

Graduate School  0.77 (0.36 - 1.66) 0.55 (0.26 - 1.17) 0.33 (0.14 - 0.78) 

I don't know 0.85 (0.38 - 1.92) 0.76 (0.35 - 1.65) 0.66 (0.28 - 1.56) 

English Grade  

<60% 0.84 (0.19 - 3.70) 0.81 (0.22 - 3.01) 1.26 (0.30 - 5.37) 

60-80% 1.35 (0.75 - 2.45) 1.17 (0.67 - 2.04) 2.28 (1.20 - 4.34) 

80-90% (ref) - - - 

>90% 0.67 (0.34 - 1.31) 0.34 (0.17 - 0.68) 0.57 (0.23 - 1.39) 

Math Grade  

<60% 0.44 (0.13 - 1.48) 0.69 (0.24 - 1.96) 0.65 (0.20 - 2.10) 

60-80% 0.57 (0.30 - 1.07) 0.84 (0.47 - 1.51) 0.92 (0.48 - 1.76) 

80-90% (ref) - - - 

>90% 1.42 (0.75 - 2.67) 1.09 (0.58 - 2.06) 1.13 (0.52 - 2.42) 
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Note: CAD = Canadian dollars. CI = confidence interval. OR = odds ratio. PE = physical education. 

Ref= reference category. Bolded values indicate significance.  

 

4.5 Discussion  

This study examined latent physical activity profiles over time among a large sample of Ontario 

secondary school aged adolescents. Using a RMLCA, three and four unique physical activity profiles 

were identified among female and male adolescents, respectively. Three common patterns emerged 

among both female and male adolescents: Guidelines, PE & Sports, and Guidelines & Sports. A fourth 

latent class was identified only among male adolescents: Inactive. To the best of our knowledge, this is 

the first study to examine longitudinal patterns of PE participation within the context of other co-

occurring physical activity indicators.  

4.5.1 Latent classes 

Our findings suggest that longitudinal physical activity profiles differ by sex. The most prevalent 

class among females was Guidelines, representing nearly half of female adolescents in this study. 

Physical activity participation in the Guidelines class was characterized by consistent guideline 

adherence without PE or sports participation, indicating high levels of independent physical activity. 

By contrast, the most prevalent class among male adolescents was PE & Sports, indicating a greater 

tendency towards organized activities. This observed difference suggests a sex-based preference for 

certain physical activity types. These findings align with previous sex- and gender-based physical 

activity literature demonstrating that a larger proportion of female adolescents tend to participate in 

individual physical activities (e.g., running, walking, fitness classes), whereas a larger proportion of 

male adolescents tend to participate in team-based sports [148, 149]. Additionally, previous literature 

has consistently identified higher PE participation rates among male adolescents compared to their 

female counterparts [126, 131]. Our findings extend previous research by suggesting that sex-based 

differences in physical activity participation exist across a variety of physical activity indicators 

examined concurrently. 

Interestingly, a large proportion of adolescents in this study (33% of females, 43% of males) 

demonstrated consistent participation in both PE and sports but were not meeting physical activity 

guidelines, suggesting that these activities alone do not constitute sufficient levels of physical activity 

to align with current recommendations for adolescents (i.e., ≥ 60min of MVPA/day [9]). Either the 
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frequency of participation (days/week) or the duration of MVPA (min/day) while participating in these 

activities was not sufficient to meet recommendations. These findings are consistent with a recent 

systematic review demonstrating that youth only spend about 40% of a typical PE lesson engaging in 

MVPA [141]. Similarly, a recent study reported that while sport participants were more likely to meet 

physical activity guidelines compared to their non-participating counterparts, a large proportion were 

not meeting the guidelines [225]. Notably, adolescents in the Guidelines & Sports class consistently 

met physical activity guidelines while participating in organized sports, indicating it is possible for 

adolescents to meet recommendations by participating in sports, either alone or in combination with 

independent physical activity, if the frequency or duration is sufficient. These findings may reflect 

variation in the types of sport participation. Adolescents participating in community or varsity sports, 

with compulsory games, practices, and workouts throughout the week, may be more likely to meet 

guidelines than those enrolled in irregular or intramural sport programs.  

Unique to male adolescents, an Inactive class was identified. Roughly one in five male adolescents 

in this study were not engaging in any type of physical activity. This contradicts research on sex-based 

patterns of physical activity behaviours suggesting lower levels of physical activity among female 

adolescents across all behaviours compared to males [2, 76, 77]. Male adolescents in this class should 

be considered the highest risk group with respect to physical inactivity, as they did not participate in 

any type of physical activity behaviour beyond their compulsory grade 9 PE class. Future research 

should explore reasons for non-participation and strategies to overcome barriers to participation among 

this group of male adolescents. 

4.5.2 Characteristics of classes 

Another objective of this study was to determine which student-level characteristics were predictive 

of class membership. We observed a strong relationship between strength training and class 

membership among both female and male adolescents. Adolescents who engaged in strength training 

were more likely to be in the PE & Sports and the Guidelines & Sports classes. The strongest association 

was observed between participating in 4-7 days per week of strength training and being in the PE & 

Sports class. These findings are consistent with previous research indicating that strength training 

activities are particularly common among adolescents involved in sport participation [226, 227], as 

strength training activities are often key components of weekly training programs for many competitive 

sports teams. Interestingly, strength training of any frequency among males was associated with being 
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in the Inactive class. While somewhat unexpected, these findings are consistent with previous research 

indicating that strength training has become increasingly popular among adolescents not involved in 

sports, possibly as a means to increase muscularity [226]. Further research into the intentions behind 

strength training and how participation impacts other physical activity indicators is warranted. We also 

observed an association between hours of sedentary behaviour and class membership among both 

female and male adolescents. Students who engage in more sedentary behaviours were less likely to 

belong to the Guidelines & Sports (among both females and males) or PE & Sports (males only) classes. 

These results align with previous research demonstrating that greater physical activity participation is 

associated with less sedentary behaviour [3].  

Racialized youth were less likely to belong to the PE & Sports and Guidelines & Sports classes, 

consistent with previous literature demonstrating that PE and sports participation often differs by race 

or ethnicity [228, 229]. These findings must be considered within the context of intersectionality. Race, 

gender, socio-economic status, ability, and other socio-demographic factors play an important role in 

shaping an individual’s access, experience, and attitudes towards physical education, physical activity, 

and sport [75]. Equitable opportunity for all youth requires that physical activity programming be 

receptive to diverse social identities and attentive to ways in which youth are differentially impacted 

by policies and practices [75].  

4.5.3 Strengths and limitations  

We applied sex-stratified RMLCA models to a large cohort of adolescents in Ontario, Canada who 

participated in four consecutive years of the COMPASS study. RMLCA analyses permitted the 

examination of class indicators over multiple time points, allowing for identification of common 

patterns of behaviour change.  

This study has a few limitations that should be noted. Firstly, student-level COMPASS data are not 

nationally representative, and as such, our findings may not be generalizable to all adolescents in 

Ontario. COMPASS was not designed to collect nationally representative data, instead relying on 

purposive sampling procedure to ensure robust sample sizes. Active-information passive-consent data 

collection procedures yield high participation rates and reduced selection bias [190]. We advise readers 

to consider the influence of differing populations, curricula, and implementation strategies between 

school boards, regions, and countries when generalizing the findings from this study. Secondly, data 

for this study were collected using self-report questionnaires. Self-report data may be influenced by 
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recall bias or social desirability bias and could result in an overestimation of true physical activity levels 

[230]. It is possible that this overestimation could have influenced latent class identification and class 

membership estimates. The questionnaires used in the COMPASS study, however, have been 

previously validated as reliable measures of physical activity in youth [196]. Thirdly, the self-report 

ethno-racial identity question used in this study was selected for inclusion in the COMPASS student 

questionnaire in 2012 and captures the constructs of both race and ethnicity [193]. For this study, this 

variable has been operationalized as “ethno-racial identity” to align with the recently published 

guidance on the reporting of race and ethnicity by the Canadian Medical Association Journal [193]. To 

create more inclusive and specific options for participants, the question was updated for the 2020-2021 

COMPASS data collection cycle. Fourth, the PE and sport participation questions used in this study do 

not take into consideration the frequency of participation and the quantity of physical activity performed 

during these physical activity contexts. This could result in a heterogeneity among students reporting 

participation in PE and sports and could have influenced the findings of this study. Finally, COMPASS 

does not collect data on physical literacy, attitudes towards physical activity types, or intention for 

participation in physical activity. Previous research suggests that physical activity enjoyment and 

intentions are strong indicators of physical activity engagement [231–233] necessitating future research 

to explore their impact on class membership.  

4.5.4 Implications  

The findings from this study have important implications for adolescent health research and public 

health policy. Alarmingly, a large proportion of male adolescents in this study were not consistently 

engaging in any type of physical activity beyond their mandatory grade 9 PE requirements. PE provides 

a unique opportunity to reach a large population of children and adolescents, particularly those who 

may not be able to participate outside of school [114]. The pre-existing infrastructure of PE positions 

it to be one of the most cost-effective population-level health-promotion strategies targeting adolescents 

[20]. The implementation of compulsory PE programming throughout secondary school may be a key 

first-step in promoting physical and health literacy and ultimately physical activity among youth; 

however, findings from this study suggest that adolescents who consistently participate in PE do not 

necessarily meet physical activity recommendations. The impact of physical activity participation 

extends beyond meeting the current recommendations; physical activity participation, when delivered 

in appropriate frequency, intensity, and context, can positively influence mental health outcomes [39, 

40, 234]. It remains unknown, however, whether the quantity of physical activity accrued during PE is 
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associated with favourable mental health outcomes. Future research should aim to evaluate the impact 

of PE participation on physical and health literacy as well as physical activity levels, mental health, and 

overall wellbeing. 

Our findings also indicated that physical activity profiles over time varied by sex; male adolescents 

had a greater tendency to engage in organized sport and female adolescents had a greater tendency to 

engage in independent physical activities. While many PE curricula in Canada are beginning to deviate 

from sport- and game-focused learning, the time lag between curriculum design and development to 

implementation and culture change [117] could partially explain the low PE participation rates, 

particularly among female adolescents. Our findings may provide some justification for expanding the 

variety of activities offered in PE programs. However, a better understanding of how the variety of 

activities provided during PE lessons influences participation rates is required.  

4.6 Conclusion  

This study investigated longitudinal physical activity profiles in a large sample of adolescents in 

Canada. Our findings reaffirm that physical activity profiles among adolescents are clustered and 

appear to vary by sex. In light of declining rates of physical activity among youth today, these findings 

can help inform public health programming, particularly within the school context. The bodies that 

govern curriculum decision-making in Canada, such as the Ministries of Education, should consider 

implementation of mandatory PE programming for all students throughout secondary school, with 

special care taken to ensure types of activities offered suitable and accessible for all youth. Future 

research quantifying the impact of PE and sports participation on overall physical activity levels and 

wellbeing is warranted.  
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5.1 Overview 

Objectives: This study examined the impact of physical education (PE) participation on moderate-to-

vigorous physical activity (MVPA) among adolescents in Canada, controlling for observed differences 

in individual characteristics using propensity scores.  

Methods: This study utilized linked longitudinal data from Ontario students who participated in three 

years (2015/16-2018/19) of the COMPASS study. Sex-stratified linear mixed models were used to 

examine associations between PE participation and minutes of MVPA from grades 10 through 12. 

Models were adjusted using doubly robust propensity score methodology, through inverse probability 

of treatment weighting, accounting for observed covariates that may influence PE participation.  

Results: Overall, 988 female and 872 male students were included in analyses. Female and male 

students who participated in PE during the semester of data collection reported on average 29 (22-35) 

and 36 (29-43) additional minutes of MVPA per day, respectively, compared to those who did not 

participate in PE that year. Female and male students who participated in PE during the opposite 

semester of data collection reported on average 11(4-18) and 14 (7-22) additional minutes of MVPA 

per day, respectively, compared to students who did not participate in PE that year.  

Conclusions: Findings suggest that secondary school PE participation has a significant impact on 

MVPA levels over time. Effects appear to be most pronounced among male students and during the 

semester of PE participation. These findings highlight the potential benefits of daily PE on physical 

activity patterns and provides evidence in support of approaches aimed at increasing PE enrollment 

throughout secondary schools in Ontario. 

 

Keywords: physical activity, physical education, adolescent, propensity scores, longitudinal, school  
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5.2 Background 

Physical activity plays an important role in promoting individual health and wellbeing throughout 

the lifespan [5], with adolescence being a particularly critical window for establishing healthy behavior 

patterns [4]. As such, current youth physical activity guidelines recommend an average of 60min/day 

of moderate-to-vigorous physical activity (MVPA), with a focus on vigorous physical activities and 

muscle and bone strengthening activities ≥3 days per week [9]. Recognizing the significance of 

consistent engagement throughout adolescence, programs and strategies that increase physical activity 

participation among youth can have profound, lifelong impacts [11]. Despite the multitude of health 

benefits, evidence suggests that youth adherence to the physical activity guidelines is relatively low 

[235]. 

Schools are considered an ideal environment for the promotion of physical activity among youth, 

offering various avenues for participation including physical education (PE) classes, intramural and 

varsity sport programs, and active transportation to and from school [1, 107]. In comparison to many 

other sources of physical activity, PE provides a structured learning environment and exposure to 

physical activity for nearly all youth [108], including those who may not be able to participate in 

physical activity outside of school (e.g., community sport participation) [114]. The aim of PE is to 

allow youth to develop and refine their physical and health literacy (e.g., movement competency, and 

the appreciation and enjoyment of physical activity) to foster lifetime engagement in physical activity 

[1]. Physical Education has the potential to influence youth physical activity levels by (a) allocating 

time to daily physical activity through PE lessons (direct effects) [140]; and (b) encouraging youth to 

continue engaging in physical activity during their leisure-time (indirect effects) [140].  

Most countries globally have implemented policies or best practices to provide some level of PE 

administration throughout compulsory schooling [115]; however, the frequency, quantity, and duration 

of these programs differ across countries, regions, or even between schools [115]. In Canada, PE is 

compulsory for all students in Canada throughout elementary and middle school (grades 1-8 [ages 5 – 

13]); however, in secondary school (grades 9-12 [ages 13 – 18]), PE becomes non-mandatory for many 

students. PE programming in Canada is developed and implemented at the provincial level, with each 

province and territory regulating their own PE policies. The province of Ontario currently has the most 

lenient PE policy in Canada, with students only required to complete one secondary school-level PE 

course [111]. 
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Despite the potential for PE programming to influence youth physical activity levels, there has been 

a decline in PE participation rates globally since 1998. Anywhere from 20-65% of secondary school 

students are not enrolled in regular PE classes [126–128, 133]. Among those not enrolled in PE, a 

greater proportion are represented by female students [126, 132, 183], and those in higher grades [126]. 

International research has demonstrated that PE is positively associated with time spent engaging in 

physical activity [128, 132, 137, 139, 143, 183]. Recent studies have reported that participation in non-

mandatory PE was associated with more days of being physically active for ≥60min [137], meeting the 

current physical activity recommendations [126], and a higher likelihood of achieving an average of 

60min of daily physical activity [84] among adolescents. However, there is a paucity of research 

evaluating PE programming in Canada [84, 123, 145]. To date, only one study has examined the impact 

of participation in Ontario’s secondary school PE program on physical activity levels finding a 

30min/day benefit of participation [134]. These findings are limited in that data was pooled from 

schools in Ontario and Alberta, limiting the interpretability of the results for provincial policy makers, 

and while data was linked between grades 9 and 12, student behaviours in grades 10 and 11 were not 

taken into consideration.  

Previous research has established that participation in non-mandatory PE is not random and 

numerous student- and school-level variables influence enrollment among adolescents [126, 132, 136]. 

Similar to those reported for other physical activity behaviours, correlates of PE participation include 

sex, age, geographical region, physical activity patterns, parental education and employment status, 

school size, and school grade [126, 132]. The effectiveness of PE participation at increasing physical 

activity engagement is particularly important to explore within a real-world context, taking into 

consideration the numerous variables that may influence this association [128]. Many studies in this 

area utilize regression analyses to examine the impact of PE participation on MVPA [84, 128, 183]; 

however, this can limit the ability to control for numerous covariates within a single model [184]. As 

such, much of the current PE literature is unable to examine the relationship between non-mandatory 

PE and MVPA, independent from the individual characteristics which may influence enrollment 

choices. 

In addition to the need for Canada- and Ontario-specific research, there is also a need to adjust for 

inherent self-selection bias. Since there are many factors that influence a student’s choice to enroll in 

non-mandatory PE, and these factors can confound the relationship between PE and other behaviours, 

evaluating the effectiveness of PE can be challenging [84, 128, 183]. The purpose of this study was to 
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address both research gaps by examining the impact of PE participation on MVPA levels from grades 

10 through 12, among secondary school students in Ontario, Canada, while controlling for potential 

self-selection bias differences in observed individual characteristics using propensity scores. 

5.3 Methods 

5.3.1 Study design 

We used data from the COMPASS (Cannabis use, Obesity, Mental health, Physical activity, Alcohol 

use, Smoking, Sedentary behaviour) study. The COMPASS Study is a school-based prospective cohort 

study (2012-2027) of adolescents in Canada. The COMPASS Study uses a purposive sampling 

approach with an active-information, passive-consent parental permission protocol to collect student- 

and school-level data from participating secondary schools in the following Canadian provinces: 

Alberta, British Columbia, Ontario, Quebec, and Prince Edward Island. All students attending 

participating schools were eligible to participate and were free to withdraw at any time. The COMPASS 

Study received ethics clearance from the University of Waterloo Office of Research Ethics (ORE: 

#30118) as well as from the participating school boards. The COMPASS Study has been previously 

described in detail online (www.compass.uwaterloo.ca) and in print [189]. 

5.3.2 Participants  

This study used longitudinal data from students in Ontario who participated in four consecutive years 

of the COMPASS Study (Time 1 (T1): 2015–16; Time 2 (T2): 2016–17; Time 3 (T3): 2017-18; Time 

4 (T4): 2018-19). Data from these years of the COMPASS study were used to avoid the impact of the 

COVID-19 pandemic. Overall, 2,036 students from 48 secondary schools in Ontario were linked from 

T1 to T4. Students who were not enrolled in grades 10 at T1, 11 at T2, and 12 at T3 [n=79] and those 

who were missing data on predictors (PE participation, grade, or sex) [n=92] were excluded. Students 

who reported more than one sex over the study period [n=5] were excluded as there were insufficient 

numbers to create a meaningful third category for analysis. Student data were linked across timepoints 

using a unique, self-generated code as described in COMPASS protocols [191].  
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5.3.3 Measures 

5.3.3.1 PE participation 

Students were asked to report their PE participation as: “Yes, I am taking one this term,” “Yes, I 

will be taking one or have one this school year, but not this term,” or “No, I am not taking a PE class 

at school this year.” Students were categorized into three mutually exclusive groups depending on their 

participation during the school year (yes, this term=1; yes, but not this term=2; no =0). 

5.3.3.2 Daily MVPA 

Students were asked to report the number of hours (0-4) and minutes (0, 15, 30, 45) of both moderate 

(e.g., walking, biking to school, and recreational swimming) and vigorous (e.g., jogging, team sports, 

and jump-rope) physical activity on each of the previous 7 days. Student estimates were totaled and 

averaged to provide a measure of minutes of daily MVPA. This measure has been previously validated 

for use among adolescents [195], and has been found to have acceptable test-retest reliability and 

criterion validity [196]. 

5.3.3.3 Covariates 

The following covariates were included in this study. 

Demographic variables included student report of sex (female, male), age (13-18 years), ethno-

racial identity (racialized [Black, Asian, Latin American or Hispanic, Mixed, Other], non-racialized 

[White]), body mass index (BMI) (weight/height2), weight perception (underweight, about right, 

overweight), and their weight-control intentions (nothing, maintain, lose, gain). As a proxy for student 

socioeconomic status, students reported their weekly spending money ($0, $1–$20, $21–$100, $101+, 

Don’t know); This measure was used as adolescents may not be able to accurately report household 

income [192]. 

Movement behaviours included weekly strength training (0-7 days), sedentary behaviours (0-9.75 

hours; activities included watching/streaming TV shows or movies, playing video/computer games, 

talking on the phone, surfing the internet, texting, messaging, and/or emailing), participation in 

intramural sports (yes, no), community sports (yes, no), or varsity sports (yes, no), active 

transportation (i.e., walk or bicycling) to and/or from school (yes, no), and sleep (0-9.75 hours per 

night). Lastly, students reported their number of physically active friends (≥1, 0). 



 

 61 

Academic indicators included most recent English and Math grades (<60%, 60-80%, and >80%), 

highest desired level of education (high school diploma or less, college or trade certificate, university 

bachelor's degree, graduate school, or I don't know), the number of classes they missed due to health 

issues (0, 1-5, ≥6) or skipped (0, 1-5, ≥6), and school connectedness (score 6-24; a 6-item modified 

version of the National Longitudinal Study of Adolescent Health School Connectedness scale [236]. 

Lastly, students reported their experience with bullying perpetration (yes, no), and/or bullying 

victimization (yes, no). 

Substance use behaviours included any report of binge-drinking in the past month (yes, no), e-

cigarette/vaping use in the past month (yes, no), and cannabis use in the past year (yes, no).  

5.3.4 Analysis  

Descriptive statistics at T1 were examined for the entire sample and stratified by sex. Differences in 

baseline characteristics between females and males were compared using chi-square and t-tests, where 

appropriate.  

Linear mixed models (LMMs) were used to estimate the average effect of PE participation on average 

daily MVPA levels in grades 10 through 12, stratified by sex. To account for the disproportionate 

influence of student characteristics on the probability of opting into PE, models were adjusted using 

doubly robust propensity score (PS) methodology. 

Propensity scoring is a statistical technique employed to reduce the impact of confounding or self-

selection biases in observational studies [185]. Propensity scoring generates conditional probability 

assignments to a particular exposure (e.g., treatment, intervention) given a set of observed covariates 

[186]. Propensity scores act as balancing measures to aggregate a set of observed covariates believed 

to influence the treatment assignment into a single score. When propensity scores are similar across 

treatment or exposure groups, participants are assumed to have similar characteristics, regardless of 

treatment assignment or exposure status [186]. 

A PS representing the probability of a student opting-in to PE was calculated for each student given 

all their individual covariates (listed in Section 2.3.3). All covariates known, or suspected, to influence 

PE participation or physical activity available in the COMPASS system were included in the PS [215, 

216]. Propensity Scores were used as weights through inverse probability of treatment weighting 

(IPTW) to account for confounding in the LMMs. To account for longitudinal changes in time varying 
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confounders (e.g., age, current substance use), PSs were recalculated at the start of each school year 

[184]. Using IPTW, the distribution of student covariates used to estimate the PSs become independent 

of exposure status (e.g., PE participation). Stabilized weights truncated at the 1st and 99th percentiles 

were used to reduce the exertion of any influential weights. Weight stabilization incorporates the sex-

specific annual probability of PE participation, which preserves the original sample size in the weighted 

sample and produces more appropriate estimation of the variance of the main effect [237, 238]. 

Standardized mean differences (SMD) (representing the difference in means divided by the pooled 

standard deviation) of each covariate were used to assess covariate balance pre- and post-weighting. A 

SMD cut-off of 0.1 was used to indicate appropriate covariate balance after weighting. Unlike p-values, 

SMD are a bivariate test to ensure that the propensity scores have sufficiently removed any between 

group differences that are not sensitive to sample size [239]. Remaining covariate imbalances were 

accounted for by including any variables that remained unbalanced after weighting as covariates in the 

final model [218]. In the final model for female students, binary indicators of bullying perpetration, ≥6 

classes missed due to health issues, the intention to gain weight, weekly spending money of $101+, and 

sleep were included. For male students, the final model included a dummy variable adjustment for 

missing data on screentime, and binary indicators of English grade of <60%, Math grade of 60-80%, 

1-5 classes missed due to health issues, and sleep. PS generation and LMMs were conducted using SAS 

version 9.4.  

5.4 Results 

5.4.1 Student Characteristics  

Overall, 1,860 students were included in this study. Roughly half of the sample was female (53%), 

the mean age in grade 10 was 15 years, and the majority of students were of non-racialized backgrounds 

(Table 5-1). Rates of PE participation in grade 10 were higher among male students (52%) compared 

with female students (36%). Among those participating in PE in grade 10, approximately half did so 

during the semester of data collection (female: 48%; male: 55%). PE participation rates decreased 

among both female and male students with increasing grade; in grade 11, 34% of female and 50% of 

male students were enrolled, and by grade 12, 18% of female and 28% of male students were enrolled 

in PE. 
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Weekly spending money, desired educational attainment, weight perceptions, weight-control 

intentions, school connectedness, minutes of MVPA, number of active friends, strength training, binge 

drinking, and varsity, intramural, and community sport participation differed between students enrolled 

in PE and students not enrolled in PE for both females and males in grade 10. A smaller proportion of 

students from racialized backgrounds reported enrollment in PE, and this was consistent across female 

and male students. Students enrolled in PE in Grade 10 engaged in on average 50 additional minutes of 

MVPA per day and one additional day of strength training compared to those not enrolled in PE. A 

greater proportion of students enrolled in PE also participated in intramural, varsity, or community 

sports. Male students were found to obtain, on average, one additional hour of sleep per night compared 

with female students, which was consistent across PE categories. 

Table 5-1: Sample descriptives by sex at T1 (2015/16) 

Variable 

Female students 

(n=988) 

Male students 

(n=872) 

PE 

(n=355) 

No PE 

(n=633) 

Unweighte

d SMD 

Weighte

d SMD 

PE 

(n=456) 

No PE 

(n=416) 

Unweighte

d SMD 

Weighte

d SMD 

Age, mean (SD) 

Years  15 (0.45) 15 (0.47) - - 15 (0.50) 15 (0.48) - - 

Ethno-racial identity, % (n) 

Racialized 11% (40) 
20% 

(129) 
0.252 0.024 18% (80) 22% (91) 0.109 -0.009 

Weekly spending money, % (n) 

Zero 15% (52) 
19% 

(122) 
0.123 -0.045 20% (91) 24% (99) 0.093 -0.002 

$1-$20 
29% 

(102) 

35% 

(220) 
0.130 0.037 

33% 

(151) 

31% 

(130) 
-0.040 0.055 

$21-$100 
31% 

(110) 

23% 

(147) 
-0.175 -0.027 

23% 

(106) 
22% (92) -0.027 -0.035 

$101+ 12% (42) 9% (59) -0.082 0.006 13% (61) 13% (52) -0.026 -0.093 

Don't know 14% (48) 13% (80) -0.026 0.025 10% (47) 10% (42) -0.007 0.069 

Missing 0% (1) 1% (5)  - - 0% (0) 0% (1) - - 

Sports Participation, yes, % (n) 

Intramural 
53% 

(187) 

34% 

(216) 
-0.381 -0.001 

50% 

(230) 

37% 

(153) 
-0.278 -0.012 
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Community  
57% 

(203) 

34% 

(216) 
-0.476 -0.026 

69% 

(316) 

41% 

(171) 
-0.591 0.050 

Varsity  
63% 

(222) 

30% 

(188) 
-0.698 -0.019 

64% 

(291) 

38% 

(159) 
-0.530 -0.021 

Daily MVPA, median (IQR) 

Minutes 
120 (77 - 

169) 

69 (36 - 

120) 
- - 

139 (94 - 

197) 

90 (45 - 

137) 
- - 

Daily screen time, median (IQR) 

Hours 7 (4 - 9) 7 (4 - 9) 0.040 -0.031 7 (5 - 9) 7 (4 - 9) -0.020 -0.051 

Strength training, median (IQR) 

Days 3 (2 - 4) 2 (0 - 3) 0.452 0.009 3 (2 - 5) 2 (0 - 4) 0.441 -0.045 

Sleep, median (IQR) 

Hours 7 (7 - 8) 7 (7 - 8) 0.123 -0.009 8 (7 - 8) 8 (7 - 8) 0.162 -0.001 

IQR: interquartile range; MVPA: moderate-to-vigorous physical activity; PE: physical education; 

SMD: standardized mean difference; SD: standard deviation 

5.4.2 Mixed models 

Adjusted and unadjusted LMM results are presented in Table 5-2. IPTW adjusted models 

demonstrated that participation in PE had a significant positive effect on daily MVPA levels. Female 

students currently participating in PE reported on average 29 more minutes of MVPA per day than 

students who did not participate in PE that year. Female students enrolled (but not currently 

participating) in PE reported on average 11 more minutes of MVPA per day than students who did not 

participate in PE that year. Similarly, male students currently participating in PE reported on average 

36 more minutes of MVPA per day than students who did not participate in PE that year. Male students 

enrolled (but not currently participating) PE reported on average 14 more minutes of MVPA per day 

than students who did not participate in PE that year. 

Daily MVPA levels were found to decrease with increasing age. Female students in grade 12 report 

on average, 10 fewer minutes of MVPA per day than grade 10s. Male students in grade 12 report on 

average 9 fewer minutes of MVPA per day than grade 10s. 
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Table 5-2 Unadjusted and IPTW-adjusted longitudinal association between PE participation and 

minutes of daily MVPA 

Effect 

Female students 

(n=988) 

Male students 

(n=872) 

Unadjusted 

estimate (95% CI) 

IPTW-adjusted 

estimate (95% CI) 

Unadjusted 

estimate (95% CI) 

IPTW-adjusted 

estimate (95% CI) 

PE: No – – – – 

PE: Yes, this 

semester 
+34 min (28 – 40) +29 min (22 – 35) +41 min (34 – 48) +36 min (29 – 43) 

PE: Yes, but not 

this semester 
+16 min (9 – 23) +11 min (4 – 18) +20 min (13 – 28) +14 min (7 – 22) 

Grade 10 – – – – 

Grade 11 -7 min (-11 – -2) -6 min (-10 – -1) -3 min (-8 – 3) -2 min (-8 – 3) 

Grade 12 -9 min (-14 – -5) -10 min (-15 – -6) -9 min (-14 – -3) -9 min (-15 – -4) 

Note: All estimates were statistically significant at the p<0.05 level. CI: confidence interval; IPTW: 

inverse probability of treatment weighting; MVPA: moderate-to-vigorous physical activity; PE: 

physical education.  

5.5 Discussion  

This study examined the impact of participation in secondary school PE on daily MVPA using a 

robust statistical technique that adjusted for a large number of confounding factors. Our findings 

demonstrate that after adjusting for factors that influence the propensity for PE enrollment, participation 

in PE has a significant positive impact on MVPA levels over time and that MVPA levels were found 

to decrease with increasing age. Since effects were most pronounced among male students and during 

the semester of PE participation, findings suggest that improving female student engagement in PE 

should be a key priority. Overall, this study demonstrates that secondary school PE holds the potential 

to positively contribute to the health and wellbeing of adolescents in Canada.  

5.5.1 Sex based differences  

Findings from this study highlight key sex-based differences in the association between PE 

participation and MVPA. Participation rates in non-mandatory PE were found to differ by sex, with 

fewer female students electing to participate and a more pronounced grade-related decline in 

participation among female students relative to male students. In addition to the differences in 

enrollment, PE participation had a differential impact on student physical activity patterns, with male 

students who participated in PE obtaining roughly 30% more MVPA per day compared to females who 
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participated in PE. These findings align with previous research demonstrating that participation rates 

are generally higher among male adolescents (and male athletes in particular) [148, 149] compared to 

female adolescents [126, 131, 132, 137] and that the association between PE and physical activity is 

stronger among male adolescents [84]. Together, these results suggest that PE may be more successful 

at engaging male adolescents in physical activity. A possible explanation for these findings is related 

to the administration of PE classes; PE lessons often include sport-based activities [117] with research 

suggesting that this may favor participation by males over females, as they may be more inclined 

towards competitive and team-oriented physical activities [117]. Existing literature suggests that female 

adolescents are reported to have a greater tendency for individual or fitness-related activities over team-

based sports [148, 149], possibly due to factors including body dissatisfaction, the desire to promote an 

image of femininity, fear of stigmatization or teasing in sports settings, and disinterest in competition 

[148, 240–243]. Diversifying the range of activities offered in PE classes can support various interests 

and preferences (e.g., yoga, running/jogging groups), creating a more inclusive environment and 

engaging a broader range of students irrespective of age, sex, or background. 

5.5.2 Direct vs indirect effects  

Our findings demonstrate that the impact of PE participation on daily MVPA was more pronounced 

during the semester of participation. These results are to be expected given that PE acts as a source of 

physical activity, contributing to students’ daily accumulation of MVPA [140]. Students concurrently 

participating in PE reported an additional 30min of MVPA per day compared with students who did 

not participate in PE that year, accounting for roughly 50% of their recommended daily MVPA [9]. 

This observed 30min/day benefit aligns with findings from two prior studies conducted within the 

Canadian context [123, 134] and is generally consistent with findings from a recent systematic review 

which identified that youth spend roughly 40% of a secondary school PE lesson (which is typically 

about 75 minutes in length) engaging in MVPA [141]. Assuming a structure consistent with most 

secondary schools in Canada (two semesters per school year, with students enrolled in four courses per 

semester, taken daily) the additional MVPA from PE participation identified in this study could amount 

to 150 additional minutes per week or 2,400 minutes per semester. These findings underscore the 

potential benefits of daily PE on physical activity patterns and provides evidence in support of 

mandating year-long PE participation or other approaches aimed at increasing PE enrollment among 

adolescents in Canada. 



 

 67 

Our findings extend previous research by demonstrating that PE has the potential to positively 

influence MVPA levels beyond the minutes gained directly though PE lessons, as greater MVPA was 

observed during the semester where PE enrollment was not concurrent with data collection. To the best 

of our knowledge, no previous studies have examined the indirect impact of PE participation on student 

MVPA levels. Although the mechanism for these indirect effects is unknown, it is possible that 

participation in PE programs may foster positive attitudes towards physical activity among students 

[144]. This could translate into a greater willingness to engage in physical activities outside of the 

school setting. PE programs have also been shown to contribute to improved physical and health 

literacy and movement competency [1, 124], which in turn could boost student’s confidence in 

participating in physical activities independently. It is also possible; however, that these findings were 

influenced by variables unmeasured in the COMPASS data set; thus, not accounted for in the propensity 

score models. For example, perceptions (e.g., motivation and enjoyment) of PE and its influence on 

physical activity is an area of future research that should be explored.  

5.5.3 Age-related decline  

We observed a meaningful age-related decline in daily MVPA levels; students in grade 12 reported 

roughly 10 fewer minutes of MVPA per day compared to their grade 10 counterparts. This age-related 

decline is a well-documented phenomenon in physical activity research among children and adolescents 

[64, 65, 72, 244]. Declines may reflect some of the challenges associated with this life stage, including 

lifestyle changes, increased responsibilities, and shifting priorities [72]. This represents a key area for 

intervention, as youth who engage in physical activity during adolescence maintain higher activity 

levels into adulthood [85–87], possibly as a result of establishing healthy behaviour patterns [4]. 

Motivation and enjoyment of physical activity have also been shown to predict adulthood physical 

activity [231–233] and can attenuate the slope of this age-related decline [245]. PE not only provides 

opportunities to teach students about the benefits of physical activity but can also foster autonomy and 

enjoyment of physical activity among adolescents, building the foundation for the formation of life-

long positive health behaviours.  

5.5.4 Strengths and limitations  

To our knowledge, this study is the first to quantify the impact of secondary school PE participation 

on physical activity levels among youth in Canada, using a robust statistical technique to control for 

confounding due to self-selection bias. Other strengths of this study include the large sample of 
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adolescents in Ontario and use of an active information–passive consent protocol. Active-information 

passive-consent data collection procedures yield high participation rates, reduce selection bias, and 

more truthful self-reporting of health behaviours [190]. Perhaps the greatest strength of this study is the 

use of PS weighting to adjust for measured confounding in this real-world context.  

Several limitations should be noted. First, while IPTW is a robust statistical technique aimed at 

minimizing the impact of confounding, it is sensitive to misspecification [184]. Relatedly, IPTW can 

only balance students on known, observed covariates and samples should not be assumed to be 

identical. Second, student-level COMPASS data are not nationally representative, limiting the external 

validity of the study findings. It should be noted; however, that COMPASS was not designed to collect 

nationally representative data and instead relies on a purposive sampling procedure to ensure robust 

sample sizes. Third, data used in this study were self-reported and are at risk for recall or social 

desirability bias. Data collection procedures adopted by COMPASS, including anonymity may help 

mitigate this. Finally, COMPASS does not collect data on the frequency of sport participation, 

engagement in light physical activity, or motivation for- and enjoyment of PE and PE participation, 

which could significantly influence the association between PE participation and MVPA.  

5.6 Conclusion  

Findings of this study suggest that PE participation throughout secondary school has a significant 

impact on MVPA levels over time. These results are promising, given the current state of physical 

activity levels among Canadian adolescents, however, the low enrollment rates act as a barrier to the 

potential population level health benefits of PE. Given the lenient PE policy, Ontario schools should 

consider revising existing PE programming to increase enrollment in PE courses. This could include 

mandating annual PE across all grades, in addition to moving PE curriculum away from sports-specific 

skill development and toward independent movement skills that focus on the development of physical 

and health literacy. These changes may improve physical activity levels for all youth. 
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6.1 Overview 

Purpose: The objective of this study was to examine the impact of participation in secondary school 

physical education (PE) on symptoms of anxiety and depression, and psychological wellbeing among 

adolescents in Canada, controlling for observed differences in individual characteristics using 

propensity scores.  

Methods: This study utilized longitudinal data from 1,860 Ontario secondary school students who 

participated in four waves of the COMPASS Study (2015/16 to 2018/19) as they transitioned from 

grades 9 to 12. Three sex-stratified linear mixed models were used to estimate the average effect of PE 

participation on symptoms of anxiety and depression, and psychological wellbeing in grades 11 and 

12. Doubly robust propensity score methodology was used to adjust for confounding impacts of student 

characteristics on the probability of voluntary enrolment in PE.  

Results: Overall, 988 female and 872 male students were included in analyses. No significant 

associations were found between PE participation and anxiety or depression among female or male 

students, or psychological wellbeing among female students. Male students enrolled (but not currently 

participating) in PE were found to have a higher average psychological wellbeing (ß= 1.699, 95% CI 

[0.438, 2.96]) compared to male students who did not participate in PE that year.  

Conclusions: The results of this study provide valuable insights into the impact of PE on student mental 

health, demonstrating that while PE participation was not protective against anxiety and depression 

symptomatology, it also did not appear to exacerbate symptoms of anxiety or depression and instead 

may enhance psychological wellbeing among male adolescents.  

Keywords: anxiety, depression, psychological wellbeing, physical education, adolescent, propensity 

scores, longitudinal, school 
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6.2 Background 

Adolescence is a key period in the development and onset of mental disorders. Nearly half (44%) of 

secondary school-aged youth in Ontario report a moderate-to-severe level of psychological distress 

(i.e., symptoms of anxiety and depression) [31], and an estimated 8% and 13% of youth in Canada have 

a diagnosis for an anxiety or mood disorder, respectively [32]. Without appropriate support and 

treatment, poor mental health can lead to a variety of adverse outcomes including poor academic 

outcomes, substance use, self-harm, and suicidal behaviour [33–35]. Moreover, mental disorders 

experienced during adolescence have a high risk of chronicity, which may lead to the emergence of 

more severe mental disorders later in life [36, 37]. From a public health perspective, identifying 

modifiable factors that promote positive mental health and reduce the risk of mental disorder during 

adolescence can have long-term positive impacts on population health and wellbeing [11, 187].  

There is substantial evidence suggesting that physical activity is positively associated with mental 

health among youth, including lower symptoms of depression [38, 39], higher physical self-concept 

[39], and small-to-moderate positive effects on anxiety [40]. Engagement in physical activity provides 

youth the opportunity to develop both personal and social skills, reinforcing their self-esteem [41], self-

efficacy [42], and self-control [43] – all of which are indicators of positive mental health. Positive 

mental health reflects a state of positive wellbeing extending beyond the absence of mental disorders 

and can be reflected through strong self-efficacy and self-esteem, satisfying personal relationships, and 

resilience [44]. Male adolescents that meet the recommended 60 minutes of daily activity are more 

likely to experience better psychosocial wellbeing compared to those not meeting the recommendations 

[58]. Literature in this space has led to general consensus that consistent engagement in physical activity 

has a protective and positive effect on mental health and wellbeing among adolescents.  

Physical education (PE) is a core component of the school curriculum aimed at promoting physical 

activity and overall wellbeing among youth [1, 111]. Engaging in regular physical activity through PE 

classes is believed to have a positive impact on mental wellbeing as a result of the dose of physical 

activity it provides [150]. Additionally, PE provides a structured environment for students to develop 

social connections and build a sense of community, which has demonstrated protective effects for the 

prevention of isolation and loneliness [153, 154]. Moreover, the physical challenges and 

accomplishments experienced in PE can boost self-confidence and resilience, contributing to a sense 

of personal achievement and wellbeing [111, 155].  
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Existing research has speculated that enrollment in voluntary PE may be biased, whereby athletes 

and students with a higher social standing may be more likely to enrol [162]. This may lead to a 

competitive environment both in terms of athletic ability and social confidence, ultimately creating a 

non-inclusive environment. Such environments may heighten anxiety and depression due to 

performance pressure and complex social dynamics, particularly among students who are less 

physically or socially confident [151]; negative experiences in PE, including feelings of embarrassment, 

peer comparisons, body image concerns, and bullying are identified barriers to PE (and ultimately 

physical activity) participation [162–166]. This highlights the importance of evaluating whether PE 

participation is associated with mental health indicators in adolescents.  

Many PE curricula are designed with the intention of fostering positive mental health through the 

promotion of resilience, positive relationships, and self-concept [111, 119]; however, there is limited 

evidence rigorously evaluating whether this intention holds true. The dearth of research on this topic 

limits our understanding of whether PE participation can positively impact mental health. Much of the 

published literature relating to PE and mental health has evaluated the impact of specific interventions 

(e.g., teacher workshops or high intensity interval training programmes) on mental health outcomes, 

rather than the impact of PE participation more broadly [150]. Few observational studies have evaluated 

this association, and even fewer have quantified this association longitudinally or examined if there 

may be differential impacts on boys compared to girls [150]. Therefore, the purpose of this study was 

to examine the impact of participation in secondary school PE on symptoms of anxiety, depression, and 

psychological wellbeing among students in Ontario, Canada, controlling for observed differences in 

individual characteristics. 

6.3 Methods 

6.3.1 Study design 

This study used data from COMPASS, a school-based prospective cohort study (2012-2027) in 

Canada. The COMPASS Study collects student- and school-level data from secondary schools in five 

provinces across Canada (Alberta, British Columbia, Ontario, Quebec, and Prince Edward Island). All 

students attending participating schools were eligible to participate; the COMPASS Study uses a 

purposive sampling approach with an active-information, passive-consent parental permission protocol. 

Participation in the COMPASS Study is entirely voluntary, and students were free to withdraw at any 

time. The COMPASS Study received ethics approval from all participating school boards and the 
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University of Waterloo Office of Research Ethics (ORE: #30118). Additional information on the 

COMPASS Study, including sampling procedures and data collection tools, is described in detail online 

(www.compass.uwaterloo.ca) and in print [189]. 

6.3.2 Participants  

This study used longitudinal data of students from 48 secondary schools in Ontario who participated 

in four consecutive years of the COMPASS Study as they transitioned from grades 9 to 12 (Time 1 

(T1): 2015–16; Time 2 (T2): 2016–17; Time 3 (T3): 2017-18; Time 4 (T4): 2018-19). Data across all 

four timepoints were linked using unique, self-generated anonymous codes [191]. Students from 

schools outside of Ontario were excluded from this study due to variances in provincial physical 

education curricula and policies. A total of 2,036 students were linked across four timepoints. Students 

who were not enrolled in grades 10 at T1, 11 at T2, and 12 at T3 [n=79], those who were missing data 

on predictors (PE participation, grade, or sex) [n=92], and those who reported more than one sex over 

the study period [n=5] were excluded. Sample characteristics at T1 have been previously published 

online [246]. 

6.3.3 Measures 

6.3.3.1 PE participation 

COMPASS asks students to self-report their participation in PE during the current school year. 

Response options include: “Yes, I am taking one this term,” “Yes, I will be taking one or have one this 

school year, but not this term,” or “No, I am not taking a PE class at school this year.” Students were 

categorized into three mutually exclusive cohorts based on their participation during the school year 

(yes, this term=1; yes, but not this term=2; no=0). 

6.3.3.2 Symptoms of anxiety 

COMPASS uses the Generalized Anxiety Disorder 7-item scale (GAD-7) [203] to assess risk of 

generalized anxiety. Students are asked to self-report on how often they experienced various symptoms 

of anxiety (e.g., worrying, nervousness, irritability) over the past 2 weeks. Response options are 

provided on a 4-point Likert scale (0 = “Not at all,” 1 = “Several days,” 2 = “Over half the days,” 3 = 

“Nearly every day”) with individual sum scores ranging from 0 to 21 (higher scores indicating greater 

symptoms). The GAD-7 has been previously validated for use among adolescents [204–206]. 
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6.3.3.3 Symptoms of depression 

COMPASS uses a shortened version of the Center for Epidemiologic Studies Depression Revised 

(CESD-R-10) scale [199, 200] to assess risk of major depression. Students are asked to self-report on 

how often they experienced various depressive symptoms (e.g., sadness, loneliness, trouble 

concentrating or sleeping) in the past week. Response options are provided on a 4-point Likert scale (0 

= “none or less than 1 day,” 1 = “1-2 days,” 2 = “3-4 days,” 3 = “5-7 days”) with individual sum scores 

ranging from 0 to 30 (higher scores indicating greater symptoms). The CESD-R-10 has been previously 

validated for use among adolescents [201, 202]. 

6.3.3.4 Psychological wellbeing 

COMPASS uses the Flourishing scale [207] to measure self-perceived psychological wellbeing. 

Students are asked to report their self-perceived success in various areas of wellbeing (e.g., 

relationships, self-esteem, life purpose, optimism). Response options are provided on a 5-point Likert 

scale (1 = “Strongly disagree,” 2 = “Disagree,” 3 = “Neither agree nor disagree,” 4 = “Agree,” 5 = 

“Strongly agree”) with individual sum scores ranging from 8 to 40 (higher scores indicating greater 

wellbeing). The Flourishing scale has been previously validated for use among Canadian adolescents 

using COMPASS data [208].  

6.3.3.5 Covariates 

The following covariates were included in the propensity score calculation based on their potential 

to influence voluntary enrolment in PE. Propensity scores were calculated in both grade 11 and grade 

12. 

COMPASS asks students to self-report their age (13-18 years), sex (female, male), ethno-racial 

identity (racialized [Black, Asian, Latin American or Hispanic, Mixed, Other], non-racialized [White]), 

height (feet), weight (lbs), weight perception (underweight, about right, overweight), and weight-

control intentions (nothing, maintain, lose, gain). Student height and weight were used to calculate body 

mass index. Students were asked to report their weekly spending money ($0, $1–$20, $21–$100, $101+, 

Don’t know) as a proxy for familial socioeconomic status, as adolescents may not be able to accurately 

report household income [192]. 

COMPASS asks students to estimate the number of hours (0-4) and minutes (0-45) they spent 

engaging in both moderate (e.g., walking, biking to school, and recreational swimming) and vigorous 
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(e.g., jogging, team sports, and jump-rope) physical activity on each of the previous 7 days. Responses 

were totaled and averaged to provide an estimate of daily moderate-to-vigorous physical activity 

(MVPA) [195]. Students were asked to describe their participation in weekly strength training (0-7 

days), time engaging in leisure-time screen-based sedentary behaviours (0-9.75 hours), participation in 

intramural sports (yes, no), community sports (yes, no), or varsity sports (yes, no), use of active 

transportation (i.e., walking or bicycling) to and/or from school (yes, no), and average sleep duration 

(0-9.75 hours per night). Lastly, students were asked to report their number of physically active friends 

(≥1, 0). 

Students were asked to report on numerous academic indicators, including their most recent English 

and Math grades (<60%, 60-80%, and >80%), educational aspirations (high school diploma or less, 

college or trade certificate, university bachelor's degree, graduate school, or I don't know), and the 

number of classes skipped in the past month (0, 1-5, ≥6). COMPASS asks students to complete a 6-

item modified version of the National Longitudinal Study of Adolescent Health School Connectedness 

scale [236, 247] to assess school connectedness (score 6-24). Lastly, students were asked to report on 

their experience with bullying perpetration (yes, no), bullying victimization (yes, no), past-month 

binge-drinking (yes, no) and e-cigarette/vaping use (yes, no), and past-year cannabis use (yes, no). 

6.3.4 Analysis  

Descriptive statistics were generated for sample characteristics at T3 (grade 11), the baseline 

timepoint for this analysis as it was the first year that mental health outcomes were available in the 

COMPASS Study. Descriptive statistics were calculated for the entire sample, as well as stratified by 

sex. Differences in sample characteristics between female and male students were compared using chi-

square and t-tests, where appropriate. 

Linear mixed models (LMMs) were used to estimate the average effect of PE participation on 

symptoms of anxiety and depression, and psychological wellbeing in grade 11 and 12, stratified by sex. 

Doubly robust propensity score methodology was used to adjust for the impact confounding of student 

characteristics on the probability of voluntary enrollment in PE. Propensity scores were applied as 

weights using inverse probability of treatment weighting (IPTW) to adjust for observed confounders in 

the LMMs.  

A propensity score representing the probability of a student opting-in to PE was calculated for each 

student given all their individual observed covariates known, or suspected, to influence PE participation 
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or symptoms of anxiety and depression, and psychological wellbeing available in the COMPASS 

system (listed in section 5.3.3) [215, 216]. Propensity scores were recalculated in each academic year 

to account for longitudinal variations in time-varying covariates (e.g., age and current MVPA levels) 

[184]. By implementing IPTW, the distribution of student covariates used to estimate the propensity 

scores become independent of the exposure status (i.e., participation in PE). Stabilized weights, 

truncated at the 1st and 99th percentiles, were utilized to minimize the influence of any extreme 

weights. 

Standardized mean differences (SMD) were used to assess covariate balance pre- and post-propensity 

score weighting. SMD represent the difference in means divided by the pooled standard deviation of 

covariates and are used to evaluate whether the propensity scores have sufficiently removed any 

between group differences that are not sensitive to sample size [239]. A threshold SMD of 0.1 was used 

to indicate appropriate covariate balance after weighting [239]. All variables that exceeded this 

threshold were included as covariates in the final model to account for any residual confounding [218]. 

Propensity score generation and LMMs were conducted using SAS version 9.4.  

6.4 Results 

6.4.1 Student Characteristics  

Overall, 1,860 students were included in this study. Just over half of the sample was female (53%), 

with a mean age of 16 years in grade 11, and the majority (82%) of students were of non-racialized 

backgrounds (Table 6-1). Rates of PE participation in grade 11 were lower among female students 

(34%) compared with male students (50%). Among students who participated in grade 11 PE, just over 

half did so during the semester of data collection (female: 61%; male: 52%). The median anxiety and 

depression scores among female students increased from 8.00 to 9.00 and 9.00 to 10.00, respectively, 

as they progressed from grade 11 to grade 12. The median anxiety and depression scores among male 

students remained unchanged at 4.00 and 6.00, respectively, from grade 11 to grade 12. The median 

psychological wellbeing score remained consistent at 32.00 for both female and male students over 

time. 

Female students enrolled in PE in Grade 11 reported higher average anxiety (7.5 vs 7.0 points) and 

the same average depression (9.0 points) scores compared to those not enrolled in PE. Male students 

enrolled in PE in Grade 11 reported lower average anxiety (3.0 vs 4.0 points) and depression (6.0 vs 



 

 77 

7.0 points) scores compared to those not enrolled in PE. Students enrolled in PE reported higher average 

psychological wellbeing scores compared to students not enrolled in PE, and this was consistent across 

both female (32.0 vs 31.0 points) and male students (33.0 vs 32.0 points). 

Table 6-1 Student characteristics among male and female participants at T3 (2017/18) 

Variable 

Female students 

(n=988) 

Male students 

(n=872) 

PE 

(n=336) 

No PE 

(n=652) 

Unweighte

d SMD 

Weighte

d SMD 

PE 

(n=435) 

No PE 

(n=437) 

Unweighte

d SMD 

Weighte

d SMD 

Age, mean (SD) 

Years  16 (0.45) 16 (0.45) - - 16 (0.46) 16 (0.48) - - 

Ethno-racial identity, % (n) 

Racialized 16% (54) 
18% 

(115) 
0.042 -0.036 17% (72) 

23% 

(102) 
0.171 -0.037 

Weekly spending money, % (n) 

Zero 10% (34) 
16% 

(105) 
0.178 -0.036 14% (63) 19% (82) 0.115 -0.049 

$1-$20 16% (53) 
18% 

(118) 
0.062 -0.086 19% (84) 22% (96) 0.066 0.083 

$21-$100 
34% 

(113) 

26% 

(172) 
-0.159 -0.016 

25% 

(108) 
21% (92) -0.090 0.021 

$101+ 
32% 

(108) 

27% 

(173) 
-0.123 0.106 

32% 

(138) 

27% 

(120) 
-0.094 -0.052 

Don't know 8% (28) 13% (84) 0.148 0.010 10% (42) 11% (47) 0.036 0.000 

Sports Participation, yes, % (n) 

Intramural 
41% 

(137) 

30% 

(197) 
-0.222 0.094 

48% 

(209) 

29% 

(128) 
-0.392 0.052 

Community  
48 % 

(162) 

29% 

(188) 
-0.406 0.069 

63% 

(274) 

36% 

(159) 
-0.552 0.065 

Varsity  
52% 

(174) 

31% 

(205) 
-0.422 0.086 

64% 

(277) 

36% 

(157) 
-0.578 0.030 

Daily MVPA, median (IQR) 

Minutes 

111.4 

(68.6 - 

156.4) 

64.3 

(34.3 - 

117.9) 

- - 

128.6 

(85.7 - 

195.0) 

83.6 

(42.9 - 

137.1) 

- - 
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Daily screen time, median (IQR) 

Hours 
6.8 (4.5 - 

9.1) 

6.0 (3.8 - 

8.0) 
0.181 -0.093 

6.8 (4.5 - 

9.3) 

6.5 (4.5 - 

9.0) 
0.038 0.053 

Strength training, median (IQR) 

Days 
3.0 (1.5 - 

5.0) 

1.0 (0.0 - 

3.0) 
0.653 0.009 

3.0 (2.0 - 

5.0) 

2.0 (0.0 - 

4.0) 
0.570 -0.011 

Sleep, median (IQR) 

Hours 
7.0 (6.0 - 

8.0) 

7.0 (6.0 - 

8.0) 
0.127 0.124 

7.2 (6.5 - 

8.0) 

7.0 (6.0 - 

8.0) 
0.217 -0.002 

Symptoms of anxiety, median (IQR) 

Score 
7.5 (3.0 - 

13.0) 

7.0 (4.0 - 

13.0) 
- - 

3.0 (1.0 - 

7.0)  

4.0 (2.0 - 

8.0) 
- - 

Symptoms of depression, median (IQR) 

Score 
9.0 (5.0 - 

13.0) 

9.0 (5.0 - 

15.0) 
- - 

6.0 (4.0 - 

9.0) 

7.0 (5.0 - 

12.0) 
- - 

Psychological wellbeing, median (IQR) 

Score 

32.0 

(30.0 - 

37.0) 

31.0 

(27.0 - 

35.0) 

- - 

33.0 

(31.0 - 

37.0) 

32.0 

(28.0 - 

35.0) 

- - 

IQR: interquartile range; MVPA: moderate-to-vigorous physical activity; PE: physical education; 

SMD: standardized mean difference; SD: standard deviation. Bolded values represent variables that 

remained imbalanced after IPTW adjustment. 

6.4.2 Mixed models 

Adjusted and unadjusted LMMs examining the association between PE participation and anxiety 

scores, depression scores, and psychological wellbeing are presented in Table 6-2, Table 6-3, and 

Table 6-4, respectively.  

Participation in PE showed no significant association with anxiety scores among either female or 

male students. Anxiety scores were found to increase with increasing age only among female students, 

regardless of weighting. Female students in grade 12 reported higher anxiety scores compared to female 

students in grade 11 (ß=0.480, 95% CI [0.181 – 0.779]). No significant associations were found 

between MVPA and anxiety scores among either female or male students. 

Table 6-2: Unadjusted and IPTW-adjusted longitudinal association between PE participation and 

anxiety scores 
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Effect 

Female students 

(n=988) 

Male students 

(n=872) 

Unadjusted estimate 

(95% CI) 

IPTW-adjusted 

estimate (95% CI) 

Unadjusted estimate 

(95% CI) 

IPTW-adjusted 

estimate (95% CI) 

PE: No – – – – 

PE: Yes, this 

semester 

-0.045 (-0.561, 

0.471) 

0.000 (-0.519, 

0.518) 
-0.21 (-0.663, 0.243) 0.035 (-0.416, 0.486) 

PE: Yes, but 

not this 

semester 

-0.209 (-0.822, 

0.405) 

-0.113 (-0.729, 

0.503) 
0.002 (-0.489, 0.493) 0.223 (-0.262, 0.707) 

Grade 11 – – – – 

Grade 12 0.511 (0.202, 0.819) 0.480 (0.181, 0.779) 0.208 (-0.110, 0.526) 0.198 (-0.107, 0.503) 

MVPA 0 (-0.003, 0.003) 0 (-0.003, 0.003) 0.002 (-0.001, 0.004) 0.002 (0.000, 0.004) 

Note: Bolded estimates indicate statistical significance at the p<0.05 level. CI: confidence interval; 

IPTW: inverse probability of treatment weighting; MVPA: moderate-to-vigorous physical activity; PE: 

physical education.  

 

Participation in PE showed no significant association with depression scores among either female or 

male students. A small but statistically significant negative association between MVPA and depression 

scores was found among male students (ß=-0.005, 95% CI [-0.007, -0.002]), indicating that greater 

minutes of MVPA were associated with lower depression scores among male students. MVPA was 

measured in minutes which accounts for the small effect sizes. 

Table 6-3: Unadjusted and IPTW-adjusted longitudinal association between PE participation and 

depression scores 

Effect 

Female students 

(n=988) 

Male students 

(n=872) 

Unadjusted estimate 

(95% CI) 

IPTW-adjusted 

estimate (95% CI) 

Unadjusted estimate 

(95% CI) 

IPTW-adjusted 

estimate (95% CI) 

PE: No – – – – 

PE: Yes, this 

semester 
-0.103 (-0.643, 0.436) -0.175 (-0.719, 0.370) -0.235 (-0.712, 0.242) -0.369 (-0.834, 0.096) 

PE: Yes, but 

not this 

semester 

0.257 (-0.385, 0.899) 0.294 (-0.356, 0.945) -0.014 (-0.530, 0.501) -0.148 (-0.648, 0.352) 

Grade 11 – – – – 

Grade 12 -0.321 (-0.646, 0.004) -0.289 (-0.611, 0.034) -0.239 (-0.566, 0.089) -0.208 (-0.521, 0.105) 

MVPA 0 (-0.003, 0.003) 0 (-0.003, 0.003) 
-0.004 (-0.007, -

0.002) 

-0.005 (-0.007, -

0.002) 

Note: Bolded estimates indicate statistical significance at the p<0.05 level. CI: confidence interval; 

IPTW: inverse probability of treatment weighting; MVPA: moderate-to-vigorous physical activity; PE: 

physical education.  

 

Participation in PE showed no significant association with psychological wellbeing among female 

students. No significant associations were found between (current semester) PE participation and 
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psychological wellbeing scores among male students. Male students enrolled (but not currently 

participating) in PE reported higher psychological wellbeing scores than male students who did not 

participate in PE that year (ß= 1.708, 95% CI [0.443 – 2.972]). A significant positive association 

between grade and psychological wellbeing scores was identified among both female (ß= 0.866, 95% 

CI [0.207 – 1.525]) and male (ß= 1.086, 95% CI [0.275 –1.898]) students, indicating that higher grade 

was associated with higher psychological wellbeing. 

Table 6-4: Unadjusted and IPTW-adjusted longitudinal association between PE participation and 

psychological wellbeing  

Effect 

Female students 

(n=988) 

Male students 

(n=872) 

Unadjusted estimate 

(95% CI) 

IPTW-adjusted 

estimate (95% CI) 

Unadjusted estimate 

(95% CI) 

IPTW-adjusted 

estimate (95% CI) 

PE: No – – – – 

PE: Yes, this 

semester 
0.635 (-0.398, 1.669) 0.318 (-0.714, 1.351) 0.216 (-0.946, 1.378) -0.169 (-1.340, 1.001) 

PE: Yes, but 

not this 

semester 

1.222 (-0.029, 2.473) 1.211 (-0.038, 2.461) 1.819 (0.560, 3.077) 1.708 (0.443, 2.972) 

Grade 11 – – – – 

Grade 12 0.886 (0.199, 1.573) 0.866 (0.207, 1.525) 1.067 (0.247, 1.886) 1.086 (0.275, 1.898) 

MVPA 0.003 (-0.002, 0.009) 0.002 (-0.003, 0.008) -0.001 (-0.007, 0.005) -0.003 (-0.008, 0.003) 

Note: Bolded estimates indicate statistical significance at the p<0.05 level. CI: confidence interval; 

IPTW: inverse probability of treatment weighting; MVPA: moderate-to-vigorous physical activity; PE: 

physical education.  

6.5 Discussion  

This study aimed to examine the longitudinal associations between PE participation, anxiety and 

depression symptoms, and psychological wellbeing, among grade 11 and 12 students, using robust 

statistical approaches to account for potential confounding. After controlling for confounding factors, 

no significant associations were found between PE participation and symptoms of anxiety or depression 

among either female or male students. Findings revealed a significant relationship between PE 

participation and psychological wellbeing that varied by sex and timing of PE involvement. The 

findings of this study demonstrate that participation in secondary school PE was neither protective nor 

deleterious against depression or anxiety symptomatology, rather may promote psychological 

wellbeing, specifically among male students. 
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6.5.1 Association between PE and symptoms of anxiety and depression  

Our findings demonstrate that participation in PE was not associated with symptoms of anxiety or 

depression among adolescents in Ontario. These findings, while disappointing, are not surprising, given 

that certain features of the PE environment have been found to negatively impact student mental health 

[151]. In particular, PE environments that promote competition and peer comparisons, and reward 

athletic ability have been associated with higher levels of anxiety among secondary school students 

[156, 159]. It has also been hypothesized that the physical demands (e.g., physical ability, fitness 

testing) and social dynamics (e.g., peer pressure, bullying) of PE lessons could negatively impact 

students' mood and self-esteem [151, 162, 163]. As previously described, students who enrol in PE may 

differ systematically from those who opt-out [126, 132, 136, 162], which could confound a negative 

PE climate. Our study demonstrated that when controlling for these types of self-selection biases (e.g., 

participation in extracurricular sports or bullying victimization), participation in PE was not associated 

with heightened symptoms of anxiety or depression. However, it should be noted that while PE 

participation did not increase depression and anxiety symptoms among adolescents, it was not 

protective against symptomatology either. It is possible that there is a combination of factors at play in 

this study; these aforementioned negative aspects of PE may indeed be present and may attenuate the 

positive impacts that structured physical activity provides for adolescent mental health. Future research 

exploring the mediating role that negative social dynamics in PE and the related environment may play 

in this relationship is warranted, as it may elucidate any protective impacts of PE on mental health. 

Another possible explanation for the null findings identified in this study could be that the quantity 

of physical activity accrued during PE lessons is not sufficient for students to see an impact on their 

mental health. PE participation is believed to contribute to positive mental health and wellbeing through 

the regular dose of physical activity students receive during their PE lessons [152]; however, previous 

research has demonstrated that students spend only about 40% of their allotted PE lesson engaging in 

MVPA [141], which may amount to as little as 30 minutes one-to-two times per week, depending on 

provincial or national PE policies. Previous research has also reported that participation in PE on ≥2 

days per week is associated with lower adolescent stress levels than participation on only 1 day per 

week, suggesting a possible dose-response relationship between PE participation and mental health 

[150]. Increasing PE frequency or extending lesson duration may be a key first step in the promotion 

of positive mental health and reduction of mental disorder during adolescence. 
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 A significant association was identified between higher levels of MVPA and lower depression 

symptoms among male adolescents only. These findings are consistent with previous research 

demonstrating that the relationship between physical activity levels and symptoms of depression among 

adolescents differs by sex [54]; small, but statistically significant, negative associations are reported 

between physical activity levels and depression among male, but not female, adolescents [6, 54, 248]. 

These results highlight the importance of exploring sex-based differences in research examining the 

impact of PE and/or physical activity participation and mental health.  

6.5.2 Relationship between PE and psychological wellbeing  

Our most notable findings pertain to the association between PE participation and psychological 

wellbeing. Male students enrolled (but not currently participating) in PE were found to have higher 

psychological wellbeing compared to those not enrolled in PE; however, this association was not found 

to be significant among female students, suggesting there may be sex-based differences in the 

psychological benefits of PE participation. The intentions behind physical activity and sport 

participation are often found to differ by sex, with males perceiving greater benefits from physical 

activity participation than females with respect to social connectivity, enjoyment, and confidence [54, 

234, 248]. It is possible that these perceived benefits of physical activity translate to improvements in 

psychological wellbeing, as previous PE research has demonstrated the positive impact of participation 

on resilience and loneliness [111, 153–155]. It is also important to consider the potential role that body 

image may have on the link between physical activity and mental health. Previous research has 

indicated that improving one’s physical appearance and weight management are reported reasons for 

participation in physical activities among adolescents [163, 164, 166], and among female adolescents 

in particular [249]. The null findings among female students in this study could reflect the complex 

relationship between physical activity participation and mental health experienced by many female 

adolescents [54]. Future research should investigate whether PE participation exacerbates existing 

negative relationships with exercise and body-related anxieties and the role that student sex and gender 

may have in this relationship [163, 164, 166]. 

Findings from this study suggest that the benefits of PE on psychological wellbeing may extend 

beyond the immediate period of participation, but it remains unclear why there were no significant 

associations found during the semester of participation. Future research should explore whether there 

is unmeasured confounding between current PE participation and psychological wellbeing. These 
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findings extend the limited evidence base surrounding the impact of PE participation on psychological 

wellbeing [150] and underscore the need for further exploration into the differential impact of 

participation on female and male adolescents. 

6.5.3 Strengths and limitations  

To our knowledge, this is the first study to quantify the impact of PE participation on symptoms of 

depression, and only the second to quantify the impact on symptoms of anxiety among secondary school 

students in Canada [150]. Additionally, we implemented robust propensity score methodology to adjust 

for potential confounding due to self-selection bias. Other notable strengths of this study include the 

large sample size and breadth of variables collected as part of the COMPASS study and available for 

inclusion in the propensity score model.  

Findings from this study should be interpreted within the context of several limitations. While the 

method employed in this study is a robust technique aimed at minimizing the impact of confounding 

due to self-selection biases, the model is sensitive to misspecification [184] and can only account for 

observed confounding. Residual confounding may persist due to variables that were not collected in 

COMPASS and therefore not accounted for in the models (e.g., enjoyment of physical activity or 

athletic ability), and the cohorts should not be assumed to be identical post-IPTW adjustment. Secondly, 

it is possible that some covariates included in the propensity score model lie on the causal pathway 

between PE enrollment and mental health outcomes. As such, it is possible that their inclusion has 

masked the association between PE participation and mental health indicators examined. Future 

research should explore mechanisms through which PE participation may impact mental health 

outcomes. A third limitation pertains to the use of self-reported data collection procedures. While self-

reported data is at risk for recall bias and social desirability bias, COMPASS is anonymous (no student 

names are ever used) and utilizes active-information passive-consent data collection procedures which 

are proven to yield high participation rates, reduce selection bias, and more truthful self-reporting of 

health behaviours [190]. Finally, COMPASS does not collect data on attitudes or experiences in PE, 

which may play a pivotal role in the relationship between PE participation and mental health. 

6.6 Conclusion  

The results of this study provide valuable insights into the impact of secondary school PE 

participation on student mental health. This study demonstrated that PE participation was not 
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significantly associated with symptoms of anxiety or depression among adolescents in Ontario, Canada. 

Notably, PE participation was positively associated with psychological wellbeing among male 

adolescents only. Findings from this study suggest that while structured PE classes might not be 

sufficient to positively impact symptoms of mental disorder on its own, overall physical activity 

remains important for positive mental health, particularly for promoting psychological wellbeing 

among all adolescents and reducing depressive symptoms among males. Future research should explore 

the specific elements of PE programs that contribute to mental health benefits, such as the type and 

intensity of activities, student engagement, and the social environment.  
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Chapter 7: 

General Discussion 

7.1 Overview  

While the foundations of many PE programs are grounded in evidence, there has historically been a 

lack of rigorous research evaluating and quantifying the impact of PE participation on adolescent health 

and wellbeing, particularly in Canada [84, 123]. Understanding if and how PE participation influences 

adolescent health outcomes has important implications for shaping PE policies and programs; an 

evidence-informed understanding of program effectiveness is essential for making meaningful 

recommendations or improvements. This dissertation sought to fill this notable gap by comprehensively 

examining participation in non-mandatory secondary school PE among a large sample of adolescents 

in Ontario, Canada. Study 1 characterized longitudinal physical activity profiles of non-mandatory PE 

participation, adherence to physical activity guidelines, and sport participation throughout secondary 

school. The results from Study 1 illustrated distinct clustered physical activity profiles among 

adolescents which varied by sex. Findings from Study 1 suggested that enrollment in non-mandatory 

PE, as well as engaging in the other physical activity behaviours (i.e., sport participation and guideline 

adherence), was not random; as such, there was a need for robust statistical techniques which controlled 

for confounding due to self-selection bias. Studies 2 and 3 leveraged such approaches while quantifying 

the impact of participation in PE on student MVPA levels and mental health outcomes over time. Study 

2 demonstrated that participation in secondary school PE had a significant positive impact on MVPA 

levels over time, and effects were most pronounced among males and for those concurrently 

participating in PE in the same semester. However, the benefits to MPVA also remained present for 

non-concurrent PE participation, suggesting that the benefits of PE extended beyond the MVPA 

accumulated during class-time. Study 3 demonstrated that PE participation was neither protective nor 

detrimental to anxiety and depression symptomatology among adolescents and may enhance 

psychological wellbeing among male adolescents in particular. Taken together, the findings of this 

dissertation suggest that PE participation has the potential to positively impact physical activity levels 

and wellbeing among Ontario secondary school students, even after adjusting for individual differences 

that contribute to likelihood of PE enrollment. However, findings also suggest that many students are 

opting-out of Ontario PE programs in upper years and PE programming may be falling short of some 

key aims, including fostering positive student mental health, particularly among female adolescents. 



 

 86 

7.2 Summary of Key Findings 

Study 1 examined longitudinal physical activity profiles of non-mandatory PE participation, 

adherence to physical activity guidelines, and sport participation, among a large sample of secondary 

school students in Ontario. Three common profiles were identified among all students (Guidelines, PE 

& Sports, and Guidelines & Sports). The proportion of students that belonged to each profile, however, 

varied between male and female students, suggesting that there were sex-based preferences for certain 

physical activity types. The most common profile among female students was Guidelines – implying 

high rates of independent physical activity, whereas the most common profile among male students 

was PE & Sports – implying a preference for team-based activities. Notably, a fourth profile, Inactive, 

was identified among male adolescents only – representing nearly 20% of males in this study. This 

Inactive profile reflects a high-risk cohort of male adolescents who were not engaging in any physical 

activity beyond their grade 9 PE requirements. Counterintuitively, strength training of any frequency 

was associated with belonging to the Inactive profile. Identification of these profiles and understanding 

the key characteristics of students belonging to each profile fills a knowledge gap with respect to 

physical activity engagement of Ontario adolescents and could inform the development of programs, 

curricula, and policies tailored to these subgroups. For example, generating opportunities for activities 

that interest the ‘inactive’ cohort of male students (e.g., strength training) or the ‘Guidelines’ cohort of 

female students (e.g., independent activities) into PE programming may promote greater enrolment 

from these populations. Findings from this study extend previous physical activity behaviour research 

by suggesting that sex-based differences in physical activity participation exist across a variety of 

physical activity indicators when examined concurrently.  

Findings from Study 1 demonstrated that there are distinct clusters of physical activity behaviours, 

and a substantial proportion of adolescents participate in PE and organized sports but are not meeting 

the physical activity guidelines. What remained unknown, was the contribution of PE participation 

towards overall physical activity levels. Study 2 aimed to address this gap by quantifying the impact of 

PE participation on MVPA levels, leveraging propensity score weighting to adjust for self-selection 

biases in PE enrollment. Study 2 identified a substantial grade-related decline in PE participation 

throughout secondary school; as expected, the largest declines were seen among grade 10 students 

(when PE participation becomes non-mandatory) and among female adolescents. After propensity 

score weighting, participation in PE was found to have a significant positive impact on MVPA levels 

over time. Effects were most pronounced among male students and during the semester of PE 
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participation. These findings were not surprising given that PE acts as a source of physical activity, 

contributing to students’ daily accumulation of MVPA [140], and the association between PE and 

physical activity is reported to be stronger among male adolescents [84]. The effects of PE, however, 

remained present when students were enrolled, but not currently participating, in PE, suggesting that 

the benefits of participation can extend beyond the MVPA accumulated during class-time. Findings 

from this study are promising, given the declining physical activity levels among Canadian adolescents; 

Canadian schools should consider efforts to increase enrollment in PE throughout secondary school as 

a strategy for increasing physical activity levels, particularly among female adolescents. 

Studies 1 and 2 highlighted that only a small proportion of students opted-in to non-mandatory PE 

throughout secondary school, and that propensity to opt-in to PE was clustered with other physical 

activity behaviours (i.e., sports participation). Further, students who elected to participate in PE 

reported greater overall MVPA than those who did not participate in PE. In addition to physical health, 

physical activity is known to have a positive impact on mental health, however, there was limited 

evidence rigorously evaluating whether PE participation was associated with student mental health. As 

such, Study 3 aimed to examine the impact of PE participation on student mental health, specifically 

symptoms of anxiety, depression, as well as overall psychological wellbeing. After controlling for 

confounding factors, PE participation was not found to be significantly associated with either symptoms 

of anxiety or depression. Male students enrolled (but not currently participating) in PE were found to 

have higher psychological wellbeing compared to those not enrolled in PE; however, this association 

was not found to be significant among female students. These findings indicate that there may be sex-

based differences in the relationship between PE participation and positive mental health. Future 

research should explore the specific elements of PE programs that contribute to mental health benefits, 

such as the type and intensity of activities, student engagement, and the social environment, with a 

specific focus on female students.  

The findings from this dissertation are novel as they provide preliminary evidence that PE 

programming in Ontario was effective at fostering active adolescents both inside and outside of the 

school setting. The Ontario PE curriculum was developed on the foundation that by fostering physical 

and health literacy among adolescents, they will have a greater willingness to engage in physical 

activities during their leisure-time [1, 124]. The findings from Studies 1 and 2 highlight the potential 

benefits of daily PE on adolescent physical activity patterns and suggest that PE is in part achieving 

this objective. These findings provide evidence in support of annual, year-long, PE participation or 



 

 88 

other approaches aimed at increasing PE enrollment among adolescents in Ontario. The current 

secondary school PE policy in Ontario requires students complete only one PE course to meet their 

graduation requirements [111]; in considering this policy in the context of these findings and the 

substantial grade-related decline in PE participation outlined in this dissertation, there is a clear 

opportunity for intervention. Increasing PE participation offers a promising strategy for increasing 

overall physical activity levels among adolescents. While PE was found to have a positive effect on 

adolescent physical activity levels, participation, even when concurrent with organized sport 

participation, did not necessarily lead to sufficient physical activity to meet the physical activity 

guidelines established by the WHO and CSEP [9, 10]. These findings imply that participation in these 

activities, were either too infrequent (i.e., days per week) or too short (i.e., minutes per day) for 

adolescents to achieve the recommended 60 minutes of MVPA each day of the week [9]. The 30 

additional minutes of MPVA students gained from PE participation seen in Study 2 is generally 

consistent with findings from a recent systematic review which identified that youth spend roughly 

40% of a secondary school PE lesson (which is typically about 75 minutes in length) engaging in MVPA 

[141]. Assuming a structure consistent with most secondary schools in Canada (two semesters per 

school year, with students enrolled in four courses per semester, taken daily) PE participation could 

amount to 150 additional minutes of MVPA per week or 2,400 minutes per semester – contributing 

substantially to the overall physical activity levels of adolescents in Canada. Together, these findings 

highlight that in addition to efforts targeted at increasing enrollment in PE, it remains essential to 

promote day-to-day leisure-time physical activity to ensure physical activity guidelines can be 

consistently met. To gain additional insight into the mechanisms through which PE participation 

influences leisure-time physical activity, future research should explore the mediating role of physical 

and health literacy in the association between PE participation and physical activity behaviours. 

Study 3 of this dissertation is the first study to longitudinally examine the impact of PE participation 

on adolescent mental health in Canada. While PE participation was not found to be associated with 

anxiety and depression symptomatology among students, it appeared to have a positive effect on 

psychological wellbeing, specifically among male students. Concerningly, this association was not 

found to be significant among female students, indicating that there may be sex-based differences in 

the relationship between PE participation and positive mental health. While we had hypothesized that 

participation in PE may reduce symptoms of anxiety and depression based on the protective effects of 

physical activity [6], our findings were also not surprising given that certain features of the PE 
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environment have been found to negatively impact student mental health [151]. PE environments that 

promote competition and peer comparisons, and reward athletic ability have been found to increase 

anxiety [156, 159]; similarly, the physical demands (e.g., physical ability, fitness testing) and social 

dynamics (e.g., peer pressure, bullying) of PE lessons are hypothesized to negatively impact students' 

mood and self-esteem [151, 162, 163]. The lack of association in this study suggests that these potential 

negative impacts on depression or anxiety were not present in this Ontario sample. Given the high rates 

of poor mental health reported among adolescents, these findings have important implications for public 

health and PE programming; there does not appear to be a downside to increasing PE participation, in 

fact, male students who participate in elective PE may see improvements in their psychological 

wellbeing. These findings contribute to the limited evidence base surrounding the impact of PE on 

psychological wellbeing [150]; however, additional research is needed to elucidate the mechanism 

through which PE may impact mental health outcomes, and how these relationships differ by sex. 

Identifying strategies for how PE can improve psychological wellbeing among female students should 

be a priority. It is important to note that while PE was not found to be detrimental to student mental 

health in this study, it does not mean that all students have positive experiences in PE; a substantial 

grade-related decline in participation was identified in Study 2, demonstrating that many students are 

choosing to drop out of PE when it becomes optional. Many students who opt-out of voluntary PE cite 

negative experiences in PE and a lack of enjoyment in PE as key barriers to participation [125, 136]. 

Additional research is warranted to identify strategies to improve the PE experience for a wider variety 

of students irrespective of age, sex, or background.  

Findings from all three studies in this dissertation illustrated important sex-based differences in the 

association between PE participation, physical activity, and mental health. Participation in various 

physical activity behaviours was found to differ between female and male students. Female students 

were found to engage in higher rates of independent physical activities; fewer female students elected 

to participate in non-mandatory PE; and the grade-related decline in PE participation was more 

pronounced among female students relative to their male counterparts. In addition to the differences in 

enrollment, PE participation had a differential impact on student physical activity patterns and mental 

health outcomes. Male students who participated in PE saw greater benefits in their minutes of MVPA 

engagement and their psychological wellbeing relative to female students. These findings suggest that 

PE may be more successful at engaging male adolescents in physical activity as males obtained roughly 

30% more MVPA per day compared to females through participation in PE (both during and outside 
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of class-time). These findings align with previous research demonstrating that participation rates are 

generally higher among male adolescents compared to their female counterparts [126, 131, 132, 137] 

and that the association between PE and physical activity is stronger among male adolescents [84]. 

While consistent with previous research, these findings raise concerns about the current state of PE 

programming in Ontario and highlight the importance of increasing PE enrollment and engagement 

among adolescents, with a special focus on female adolescents. Cumulatively, the differences observed 

in this dissertation strongly suggest a sex-based preference for certain physical activity types, with 

female students having a disinclination towards PE and other team-based activities. Previous sex- and 

gender-based physical activity literature has demonstrated that a greater proportion of female 

adolescents tend to participate in individual physical activities (e.g., running, walking, fitness classes), 

whereas a larger proportion of male adolescents tend to participate in team-based sports [148, 149]. 

Female adolescents may have a greater tendency for individual or fitness-related activities over team-

based sports due to factors such as body dissatisfaction, the desire to promote an image of femininity, 

fear of stigmatization or teasing in sports settings, and disinterest in competition [148, 240–243]. It is 

possible that the PE environment, either through the activities offered or the social environment more 

broadly, discourages participation from female students. Policy-related elements of the PE 

environment, including uniforms, showering, and communal change rooms may further discourage 

enrollment and engagement among female students [241, 242]. PE classes with a focus on lifetime 

physical activities, that involve students in course development and design, and that establish positive 

and respectful learning environments have been associated with high retention of female adolescents 

[135, 250]. Moreover, findings from a school-based intervention study in British Columbia 

demonstrated that incorporating autonomy, building competence, and fostering relatedness in PE was 

an effective strategy for increasing participation in PE among female adolescents [136]. When we 

consider the success of these strategies in the context of other research in this domain, it suggests that 

female adolescents value PE courses that feel more personalized and informative rather than a “one-

size-fits all” PE approach [136, 251]. Given the volitional nature of PE programming in Canada, 

students who do not perceive value in PE, will likely opt-out of future participation; it is therefore 

plausible that incorporating these elements into the Ontario PE design and implementation could 

increase enrollment rates and ultimately the health-related benefits among female adolescents. 
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7.3 Implications 

This dissertation has illustrated that secondary school PE, while non-mandatory, can play a pivotal 

role in promoting physical activity participation and may support psychological wellbeing among 

adolescents, with benefits extending beyond structured class time. Findings from this dissertation 

provide preliminary evidence in support of integrating PE into adolescent health-promotion strategies 

for both physical and mental health benefits, while also highlighting the potential areas for future 

research. 

7.3.1 Dose-response relationship (some is better than none) 

This dissertation illustrates the wide range of physical activity levels among adolescents in Ontario. 

Some adolescents are highly active, meeting the recommended 60 minutes per day of physical activity 

(as highlighted by the Guidelines class in Study 1); others are moderately active, but fall short of 

meeting these recommendations (as noted by the PE & Sports class); and finally, some adolescents are 

minimally active and are not consistently participating in organized activities or meeting the physical 

activity recommendations (as outlined by Inactive class). Existing research has identified a clear dose-

response relationship between the amount of physical activity and overall health and wellbeing, where 

greater physical activity participation is associated with greater health benefits [13–17]. The nature of 

the dose-response relationship is such that the largest benefits are often seen among those on the lowest 

end of the activity spectrum [13–16]. As such, increasing physical activity levels among adolescents 

who are inactive (or minimally active) should lead to the greatest improvements in health and 

wellbeing. For example, increasing activity from 10 to 30 minutes per day would result in greater health 

related improvements compared with increasing activity from 60 to 80 minutes per day (even though 

both are gaining 20 additional minutes per day). This is particularly important when we consider that 

PE participation resulted in an additional 29-36 minutes of MVPA per day; this is an opportunity to 

provide students who are not currently participating in any type of physical activity with roughly 50% 

of their recommended daily activity before finishing the school day. While the physical activity gained 

from participation in PE alone may not be sufficient for students to meet the physical activity guidelines, 

the dose-response relationship between physical activity volume and health suggests that this quantity 

of physical activity would be particularly beneficial for those who are less active.  
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7.3.2 Recommendations for policy and practice 

Physical education is well positioned to increase physical activity levels and wellbeing among 

adolescents [1]; the pre-existing infrastructure of PE positions it to be one of the most cost-effective 

population-level health-promotion strategies targeting youth [20]. Most schools across Canada have 

the facilities (e.g., gymnasiums, tracks, and/or fields) required to deliver effective physical activity 

programming [252, 253], PE teachers at the secondary school level are required to complete post-

secondary training in PE, and dedicated lesson time is scheduled into the academic timetable [253]. 

This dissertation demonstrates that when delivered over an extended period (i.e., across the four years 

of secondary school), PE has the potential to lead to a positive impact on physical activity levels and 

modest benefits to psychological wellbeing, providing preliminary evidence in support of increasing 

PE participation at the population-level. While the goals of this dissertation were not to examine 

potential practice changes for PE, findings from this dissertation do suggest such changes are needed. 

Based on available evidence, a number of considerations could be made in an attempt to increase the 

rates of participation and the effectiveness of PE programming in Ontario, particularly for female 

adolescents and those not engaging in any form of physical activity.  

7.3.2.1 A joint effort (schools, family, and friends)  

The promotion of physically active lifestyles should be a joint effort, with families, friends, and 

communities playing crucial roles alongside schools. Schools have been identified as an ideal setting 

for the promotion of physical activity, however, youth also must engage in physical activity during their 

leisure time to develop lifelong positive habits surrounding physical activity [1]. PE, when implemented 

effectively, should encourage youth to lead active lives beyond the classroom by fostering physical 

literacy and positive attitudes toward physical activity. Physical Health and Education (PHE) Canada, 

a national charitable association supporting professionals working in the field of physical and health 

education, has developed a number of resources to support educators in establishing positive learning 

environments in PE for physical literacy development; these resources have been made available on 

their website [254]. Importantly, relying solely on schools to provide youth with all their recommended 

daily physical activity is not a sustainable solution for addressing lifelong population-level inactivity. 

Parents and families of youth share responsibility for encouraging participation in physical activity, 

particularly outside of the school setting. Parents and families can set a positive example for youth by 

integrating physical activities into their daily lives; for example, parents can encourage youth to use 
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active modes of transportation to and from school or participate in extracurricular sports (formal or 

informal) and can create safe and engaging environments for youth to be active. 

7.3.2.2 Facilitating participation in PE 

As evidenced in this dissertation, increasing participation in non-mandatory PE could be an effective 

strategy to address the physical inactivity crisis among adolescents in Canada, as it is likely to lead to 

a higher number of active or moderately active adolescents. To increase participation, it is important to 

consider how to eliminate (or at minimum, reduce) barriers to PE or physical activity participation 

experienced by students who opt-out of PE [136, 162]. Many students have complicated relationships 

with PE participation, and physical activity more broadly, with past experiences in PE strongly 

influencing future participation [162–166]. Race, sex, gender, socio-economic status, physical ability, 

and other socio-demographic factors play an important role in shaping an individual’s access, 

experience, and attitudes towards physical education, physical activity, and sport [55]; by creating safe 

and inclusive environments for all students, schools may see increases in enrollment [255]. Barriers 

and facilitators to PE and physical activity participation are found to differ quite significantly between 

active and inactive and between female and male adolescents; barriers cited by inactive adolescents 

(e.g., competitive activities and/or environments) are often reported as facilitators among active 

adolescents [164]. Equitable opportunity for all youth requires that physical activity and PE 

programming be receptive to diverse social identities and attentive to how youth are differentially 

impacted by policies and practices [55]. One strategy that may help achieve this objective is to engage 

students in the curriculum design and implementation process. Evidence suggests that empowering 

students to contribute to the design of PE programming not only increases their autonomy [256], but 

increases the likelihood that the curriculum more closely aligns with their interests and intentions 

behind participation [125]. Future research should consider ways to have youth inform (or even 

spearhead) initiatives such as curriculum reform. Such an approach would require evaluation to 

examine how student engagement can be better integrated into curriculum development activities. 

An alternative strategy to increasing voluntary PE participation across Ontario is mandating 

participation across all four years of secondary school. Contrary to what might be expected, the 

published evidence to date suggests that Manitoba’s 2008 compulsory policy PE did not appear to have 

a significant impact on the physical activity levels of secondary school students [123, 145]; however, 

authors highlight that evaluation design, key differences in the exposed and control groups, as well as 
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reasonably active and healthy samples may have contributed to the null findings [257]. Further research 

is needed to evaluate the long-term impact of this policy to help inform PE policy across other Canadian 

provinces and territories. There are, however, several challenges with mandating PE throughout 

secondary school that should be noted; these include limited resources, course load requirements, and 

policymaker buy-in [1]. It should also be considered that by mandating participation (rather than 

encouraging participation), students may lose the enjoyment associated with physical activity 

participation and compensate by decreasing their leisure-time activity. Overall, we may see the greatest 

improvements in adolescent physical activity levels if schools prioritize the creation of positive PE 

environments, whether that be voluntary or compulsory, where youth feel safe and motivated to engage 

in physical activity. 

7.3.2.3 The importance of variety in PE  

There is a growing body of evidence in support of maximizing variety in youth physical activity 

programming [258]. Within the physical activity context, variety can refer to providing a range of 

activities, equipment, locations, or delivery styles [259], and research has demonstrated that variety is 

associated with enjoyment of, motivation for, and overall engagement in physical activity [258, 260–

262]. The provision of variety within the context of PE is important for several reasons. Most notably, 

by providing youth with a wide variety of opportunities and activities in PE, it may cater to the diverse 

interests, abilities, and backgrounds of secondary school students – potentially leading to increased 

participation and engagement [259, 260]. For example, educators could offer students a variety of 

activity types (e.g., strength training vs. soccer), activity formats (e.g., individual vs. team-based 

activities), or assessment types (e.g., effort-based). Similarly, exposing students to diverse forms of 

physical activity in PE may help them discover an appreciation and/or interest in new types of activities 

[262]. This interest could lead to participation outside of the school setting, contributing to the 

development of lifelong healthy habits [1] – aligning with PE’s overall objectives [1, 111]. As further 

evidence in support of this recommendation, sampling a wide variety of activities in adolescence has 

been linked to higher performing athletes, fewer sports-related injuries, increased MVPA levels in 

young adulthood, and exercise behaviour in adulthood [262, 263]. 

Variety has been identified as a desired quality in school sport and PE programs among adolescents, 

and among inactive adolescents in particular [264]. Relatedly, the lack of variety in PE has been 

reported as a major contributing factor in the declining physical activity participation rates [261]. Thus, 
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increasing variety within the PE context may be an effective strategy at increasing PE (and ultimately 

physical activity) participation rates as well as encouraging greater physical activity engagement during 

PE lessons themselves, particularly among adolescents at a higher risk of opting-out of PE (i.e., inactive 

and/or female adolescents). It is also plausible that the provision of variety in PE programming (in 

terms of activities, peer groups, and assessment practices) may also help improve the negative social 

climate and competitive environment often associated with PE [136, 259]; improving the PE climate 

could uncover mental-health related benefits associated with participation that were not found among 

our sample of adolescents. Additional research is needed to identify what types of physical activities 

increase participation in this cohort of students and to evaluate the effectiveness of increased variety in 

PE through a natural experiment.  

7.3.3 Future directions 

This dissertation provides preliminary evidence that participation in non-mandatory secondary 

school PE could lead to positive health outcomes among students in Ontario. However, additional 

research is needed to build upon the findings of this dissertation and understand the mechanisms 

through which this occurs. An important area of future study is to explore the role that physical and/or 

health literacy plays in the relationship between PE participation, physical activity levels, and 

adolescent health and wellbeing. As previously described, the primary goal of PE programming in 

schools is to build physical and health literacy among students and it is through this physical and health 

literacy that students will develop the skills and understanding needed to lead healthy, active lives [113, 

124]. Future research should evaluate whether PE participation elicits a change in physical and/or health 

literacy over time and whether this increased literacy could lead to meaningful increases in physical 

activity levels and/or mental health outcomes.  

Relatedly, previous research suggests that physical activity enjoyment and intentions are strong 

indicators of physical activity engagement [231–233] and enjoyment of, autonomy in, and motivation 

for PE, specifically, are predictive of student participation in leisure-time physical activity [265]. Future 

research should explore the role that perceptions of PE (or physical activity more broadly) may play in 

the associations between PE participation and physical activity levels and/or mental health outcomes. 

Discerning which students may be at a disadvantage for seeing benefits from PE participation could 

have meaningful impacts on PE programming. Further, understanding how adolescents who have 

positive experiences in PE see greater PE-related benefits (either short or long-term) both in their 
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activity levels and their mental health differ from those who report negative experiences could provide 

further evidence in support of the creation of inclusive, positive PE environments for all youth. As 

previously mentioned, provincial decision makers and school educators should consider exploring ways 

to engage youth in the curriculum development and course design process; process and outcome 

evaluations will be needed to explore the success and/or challenges associated with piloting such an 

approach.  

Future research may also consider exploring how specific features of the PE program (e.g., frequency 

and/or duration, variety of activities, assessment and evaluation) and environment (e.g., teaching styles, 

social dynamics) impact voluntary enrollment in PE within the Ontario context. Moreover, 

understanding how these features of PE programs and environments may influence the impact of 

participation on physical activity or mental health outcomes is warranted. PE environments that elicit 

negative feelings and experiences in PE (for example competitive environments, negative relationships 

with teachers and/or other students, and lack of choice/autonomy) may decrease the effectiveness of 

PE programming on health and wellbeing. Identifying features of PE programming and environments 

that lead to negative student experiences and exploring strategies to improve or eliminate them could 

help maximize PE participation and PE-related benefits for a greater proportion of adolescents.  

As previously described, PE is developed and implemented at the provincial level in Canada; 

therefore, the studies that make up this dissertation examined PE programming in Ontario, Canada only. 

The findings from this dissertation may not be directly applicable to the PE programs of other provinces 

and territories in Canada, particularly when we consider the rather substantial variations in PE policies. 

Future research should replicate the studies in this dissertation using data from other provinces and 

territories to explore the influence of differing populations, curricula, and implementation strategies 

across Canada. 

7.4 Strengths and limitations 

This dissertation comprised the first set of studies to comprehensively explore participation in, and 

examine the effectiveness of, secondary school PE in Ontario as it relates to physical activity 

engagement and mental health and wellbeing. This dissertation implemented novel methodological 

approaches to tackle important gaps in the PE literature in Canada. First, there was a distinct lack of 

research examining longitudinal patterns of PE participation within the context of other co-occurring 

physical activity behaviours. Study 1 addressed this gap by identifying longitudinal latent physical 
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activity profiles among a large cohort of adolescents in Ontario. This study applied a person-centered 

modelling technique (RMLCA), focusing not only on the relationships between variables, but also the 

relationships between individuals, to identify clusters of students that shared common physical activity 

behaviours [266]. Second, there was a paucity of research evaluating the effectiveness PE programming 

in Canada, particularly with respect to mental health and wellbeing. Studies 2 and 3 aimed to fill this 

gap by quantifying the impact of elective participation in PE in Ontario on adolescent physical activity 

and mental health outcomes. The most prominent strength of these studies was the implementation of 

robust propensity score methodology to adjust for potential confounding due to self-selection bias 

associated with PE enrollment; this approach allowed for a more accurate estimation of the benefits of 

participation in PE on health and wellbeing of adolescents separate from self-selection bias by proxying 

randomization. To the best of our knowledge these two studies represented the first to implement 

propensity score methodology within this area of research. Other notable strengths of these studies 

include the large sample size and breadth of variables collected as part of the COMPASS Study and 

available for inclusion in the propensity score model. While this dissertation made important 

contributions to the PE literature, it is not without its limitations.  

7.4.1 Self-report data 

There are some limitations specific to the data collected as part of the COMPASS Study. Data for 

the COMPASS Study, and therefore this dissertation, were collected using self-report questionnaires. 

Self-report measures of demographics and health behaviour variables are subjective in nature and can 

be influenced by recall and social desirability biases [267]. Self-reported physical activity data can be 

an overestimation of true objective physical activity levels [230] and may be influenced by perceived 

level of exertion and knowledge of physical activity (e.g., moderate compared to hard physical activity) 

[267]. It is possible that overestimation of physical activity levels could have influenced the findings 

from studies 1 and 2 in this dissertation. The questionnaires used in this study, however, have been 

previously validated and demonstrated reliability for measuring physical activity in youth [196]. The 

measures of mental health and wellbeing included in COMPASS are indicative of symptoms of anxiety 

and depression rather than clinical diagnostic measures. While they are not objective diagnostic tools, 

studies have supported the validity of the CESD-R-10, GAD-7, and Flourishing Scale for use in 

population-based samples for research and monitoring purposes [202, 204–206, 208]. Overall, data 

collection procedures adopted by COMPASS, including anonymity and active-information passive-
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consent data collection procedures, are found to lead to more truthful self-reporting of health behaviours 

[190]. 

7.4.2 Generalizability 

The COMPASS Study collects data used in this study are collected from a convenience sample of 

schools and are not provincially representative, limiting the external validity of our findings. The 

COMPASS Study, however, implements active-information passive-consent procedures which have 

been found to yield high participation rates and reduced selection bias [190]. Although the findings 

from this dissertation cannot be generalized to all adolescents in Ontario, this dissertation benefited 

from the robust sample size of students in the COMPASS Study. Additionally, the variety of 

participating schools (e.g., in terms of urbanicity, geographic location, school area median income) and 

full school samples in the COMPASS Study help to support generalizability. The influence of differing 

populations, curricula, and implementation strategies between school boards, regions, and countries 

should be considered when generalizing the findings from this dissertation. 

7.4.3 Repeated measures latent class analysis methodology 

Implementation of an RMLCA permitted the identification of common clusters of physical activity 

behaviours over time, using a person-centered approach [180]. While this approach permitted the 

examination of multiple time points allowing for identification of common patterns of physical activity 

behaviour, it is not without its limitations. Like any latent class model, RMLCA models the probability 

of class membership based on identified patterns in the indicator variables over time. Each student is 

provided with a probability of class membership and thus true class assignment is not guaranteed. 

Another important limitation of all latent class analyses is naming fallacy; as latent classes are named 

by the researchers, they are ultimately a subjective interpretation of class probabilities. It should also 

be noted that while RMLCA allowed the identification of physical activity behaviour patterns over 

time, the method does not have the ability to examine model changes or transitions between the 

identified classes across time points [268]. As such the model may overlook key transitions in 

individual physical activity behaviours over time. Future research should explore transitions in PE 

participation, sport participation, and MVPA levels over time using latent transition analysis.  
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7.4.4 Propensity score methodology 

This study implemented a novel methodological approach to examine the impact of PE participation 

on health outcomes among a large cohort of adolescents in Ontario. Propensity score methodology has 

been extensively used in clinical research [269–271], but its application in observational behavioural 

study contexts remains relatively limited [272, 273]. This dissertation leveraged this novel 

methodological approach to address research questions that otherwise would have been at a high risk 

of confounding. Nonmandatory PE participation is highly influenced by self-selection bias as a wide 

range of student-level factors have been found to correlate with PE participation [126, 132, 136, 162]; 

relatedly, among students who voluntarily participate in PE, participation may differentially impact 

student physical activity and/or mental health outcomes based on their individual characteristics (e.g., 

athletic ability, body size) [163]. Utilizing propensity scores in this research permitted all student-level 

covariates known, or suspected, to influence PE participation, physical activity, or mental health 

available in the COMPASS Study to be accounted for in the models. Propensity scores aggregate 

covariates into a single score, permitting the inclusion of numerous variables without limiting model 

interpretability or leading to overfitting [184].  

While the use of propensity score through inverse probability of treatment weighting (IPTW) is a 

robust statistical technique aimed at minimizing the impact of confounding, propensity scores are 

limited to observed and measurable confounding. IPTW is not able to adjust for unmeasured (or 

unmeasurable) confounding that may impact either the independent (PE participation) and/or dependent 

(physical activity levels or mental health outcomes) variables [184]. Therefore, it is possible that 

variables not collected in the COMPASS Study (e.g., perception of PE, motivation for physical activity) 

or not included in the propensity score models may have influenced the described associations. Samples 

should not be assumed to be identical as unmeasured covariates could remain imbalanced between 

groups [185, 239]. Relatedly, propensity scores can be sensitive to misspecification (e.g., key 

confounding variables are not included), where imbalances may remain among covariates between 

study groups [173, 184]. This misspecification could ultimately lead to biases in the treatment-outcome 

relationship. To mitigate the potential of misspecification or residual confounding, all variables 

included in the COMPASS Study that were known, or suspected, to be associated with either PE 

participation, or physical activity levels or mental health outcomes were included in the propensity 

score models. 
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7.5 Conclusions 

This dissertation sought to fill a notable gap with respect to our understanding of non-mandatory PE 

participation and its association with physical activity levels and mental health among secondary school 

adolescents in Ontario, Canada. By characterizing longitudinal physical activity profiles, we found that 

the majority of students are electing not to enrol in secondary school PE in Ontario. A high-risk 

subgroup of male adolescents was found to not be engaging in any type of physical activity behaviour 

during secondary school. This dissertation has also demonstrated that participation in non-mandatory 

PE had positive impacts on time spent engaging in MVPA among all adolescents and positive impacts 

on psychological wellbeing among male adolescents only in this sample. Together these findings 

suggest that PE holds the potential to positively contribute to the health and wellbeing of adolescents 

in Ontario, however, the low enrollment rates act as a barrier to the potential population level health 

benefits of PE. 

In light of declining rates of physical activity and mental health and wellbeing among youth today, 

the findings in this dissertation can help inform public health programming, particularly within the 

school context. The bodies that govern curriculum decision-making in Canada, such as the Ministries 

of Education, should consider exploring strategies to increase PE participation across secondary schools 

in Canada. Strategies that include the promotion of autonomy and variety in PE and include students in 

the decision-making process with respect to curriculum development could lead to greater student 

engagement and enhance the positive health benefits associated with participation throughout 

secondary school. Special attention should be given to ensure PE environments are inclusive for all 

students regardless of athletic ability, needs, or backgrounds, and to ensure the types of activities 

offered in PE are suitable and accessible for all students. These changes are a feasible first step in 

improving the physical activity levels and mental health and wellbeing of adolescents across Canada. 



 101 

References 

[1]  Hills AP, Dengel DR, Lubans DR. Supporting public health priorities: recommendations for 

physical education and physical activity promotion in schools. Prog Cardiovasc Dis 2015; 57: 

368–374. 

[2]  Buchan MC, Carson V, Faulkner G, et al. 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: 1–15. 

[3]  Gallant F, Thibault V, Hebert J, et al. One size does not fit all: Identifying clusters of physical 

activity, screen time, and sleep behaviour co-development from childhood to adolescence. 

International Journal of Behavioral Nutrition and Physical Activity 2020; 17: 1–14. 

[4]  Telama R, Yang X, Viikari J, et al. Physical activity from childhood to adulthood: A 21-year 

tracking study. Am J Prev Med 2005; 28: 267–273. 

[5]  Janssen I, LeBlanc AG. Systematic review of the health benefits of physical activity and 

fitness in school-aged children and youth. International Journal of Behavioral Nutrition and 

Physical Activity; 7. Epub ahead of print 2010. DOI: 10.1186/1479-5868-7-40. 

[6]  Biddle SJH, Ciaccioni S, Thomas G, et al. Physical activity and mental health in children and 

adolescents: An updated review of reviews and an analysis of causality. Psychol Sport Exerc 

2019; 42: 146–155. 

[7]  Warburton DER, Bredin SSD. Health benefits of physical activity: A systematic review of 

current systematic reviews. Curr Opin Cardiol 2017; 32: 541–556. 

[8]  ParticipACTION. The Role of the Family in the Physical Activity, Sedentary and Sleep 

Behaviours of Children and Youth. The 2020 ParticipACTION Report Card on Physical 

Activity for Children and Youth. Toronto: ParticipACTION, 2020. 

[9]  World Health Organization. WHO Guidelines on physical activity and sedentary behaviour. 

Geneva, 2020. 

[10]  Canadian Society for Exercise Physiology. Canadian 24-Hour Movement Guidelines for 

Children and Youth 5-17 years. Canadian Society for Exercise Physiology 2018; 1–2. 



 

 102 

[11]  van Sluijs EMF, Ekelund U, Crochemore-Silva I, et al. Physical activity behaviours in 

adolescence: current evidence and opportunities for intervention. The Lancet 2021; 398: 429–

442. 

[12]  Faigenbaum AD, Rebullido TR, MacDonald JP. Pediatric Inactivity Triad: A Risky PIT. Curr 

Sports Med Rep 2018; 17: 45–47. 

[13]  Arem H, Moore SC, Patel A, et al. Leisure time physical activity and mortality: A detailed 

pooled analysis of the dose-response relationship. JAMA Intern Med 2015; 175: 959–967. 

[14]  Geidl W, Schlesinger S, Mino E, et al. Dose-response relationship between physical activity 

and mortality in adults with noncommunicable diseases: A systematic review and meta-

analysis of prospective observational studies. International Journal of Behavioral Nutrition 

and Physical Activity; 17. Epub ahead of print 26 August 2020. DOI: 10.1186/s12966-020-

01007-5. 

[15]  Sriram K, Mulder HS, Frank HR, et al. The Dose–Response Relationship Between Physical 

Activity and Cardiometabolic Health in Adolescents. Am J Prev Med 2021; 60: 95–103. 

[16]  Bernard P, Doré I, Romain AJ, et al. Dose response association of objective physical activity 

with mental health in a representative national sample of adults: A cross-sectional study. PLoS 

One; 13. Epub ahead of print 1 October 2018. DOI: 10.1371/journal.pone.0204682. 

[17]  Kim SY, Jeon SW, Shin DW, et al. Association between physical activity and depressive 

symptoms in general adult populations: An analysis of the dose-response relationship. 

Psychiatry Res 2018; 269: 258–263. 

[18]  Kwon S, Janz KF, Letuchy EM, et al. Active lifestyle in childhood and adolescence prevents 

obesity development in young adulthood. Obesity 2015; 23: 2462–2469. 

[19]  Kallio P, Pahkala K, Heinonen OJ, et al. Physical inactivity from youth to adulthood and adult 

cardiometabolic risk profile. Prev Med (Baltim); 145. Epub ahead of print 1 April 2021. DOI: 

10.1016/j.ypmed.2021.106433. 

[20]  Kohl  III. HW, Cook H, Committee on Physical Activity and Physical Education in the School 

Environment, et al. (eds). Educating the student body: Taking physical activity and physical 

education to school. Washington, DC: National Academies Press. Epub ahead of print 30 

October 2013. DOI: 10.17226/18314. 



 

 103 

[21]  Tobias JH, Steer CD, Mattocks CG, et al. Europe PMC Funders Group Author Manuscript 

Habitual Levels of Physical Activity Influence Bone Mass in 11- Year-Old Children From the 

United Kingdom : Findings From a Large Population-Based Cohort. J Bone Miner Res 2009; 

22: 101–109. 

[22]  Lochte L, Nielsen KG, Petersen PE, et al. Childhood asthma and physical activity: A 

systematic review with meta-analysis and graphic appraisal tool for epidemiology assessment. 

BMC Pediatr 2016; 16: 1–13. 

[23]  Christodoulos AD, Douda HT, Tokmakidis SP. Cardiorespiratory Fitness, Metabolic Risk, and 

Inflammation in Children. Int J Pediatr 2012; 2012: 1–6. 

[24]  Lohman TG, Ring K, Schmitz KH, et al. Associations of body size and composition with 

physical activity in adolescent girls. Med Sci Sports Exerc 2006; 38: 1175–1181. 

[25]  Foti KE, Eaton DK, Lowry R, et al. Sufficient sleep, physical activity, and sedentary 

behaviors. Am J Prev Med 2011; 41: 596–602. 

[26]  Brodersen NH, Steptoe A, Boniface DR, et al. Trends in physical activity and sedentary 

behaviour in adolescence: Ethnic and socioeconomic differences. Br J Sports Med 2007; 41: 

140–144. 

[27]  Pearson N, Braithwaite RE, Biddle SJH, et al. Associations between sedentary behaviour and 

physical activity in children and adolescents: A meta-analysis. Obesity Reviews 2014; 15: 

666–675. 

[28]  Granger E, Di Nardo F, Harrison A, et al. A systematic review of the relationship of physical 

activity and health status in adolescents. European journal of public health 2017; 27: 100–

106. 

[29]  Friedman EM, Teas E. Self-Rated Health and Mortality: Moderation by Purpose in Life. Int J 

Environ Res Public Health; 20. Epub ahead of print 1 June 2023. DOI: 

10.3390/ijerph20126171. 

[30]  Malla A, Shah J, Iyer S, et al. Youth Mental Health Should Be a Top Priority for Health Care 

in Canada. Canadian Journal of Psychiatry 2018; 63: 216–222. 



 

 104 

[31]  Boak A, Elton-Marshall T, Mann RE, et al. The mental health and well-being of Ontario 

students, 1991-2019: Detailed findings from the Ontario Student Drug Use and Health Survey 

(OSDUHS). Toronto, ON, 2020. 

[32]  Wiens K, Bhattarai A, Pedram P, et al. A growing need for youth mental health services in 

Canada: Examining trends in youth mental health from 2011 to 2018. Epidemiol Psychiatr Sci. 

Epub ahead of print 2020. DOI: 10.1017/S2045796020000281. 

[33]  Rodwell L, Romaniuk H, Nilsen W, et al. Adolescent mental health and behavioural predictors 

of being NEET: A prospective study of young adults not in employment, education, or 

training. Psychol Med 2018; 48: 861–871. 

[34]  Pompili M, Serafini G, Innamorati M, et al. Substance abuse and suicide risk among 

adolescents. Eur Arch Psychiatry Clin Neurosci 2012; 262: 469–485. 

[35]  Green H, McGinnity A, Meltzer H, et al. Mental health of children and young people in Great 

Britain, 2004. 2009. 

[36]  Thompson EJ, Richards M, Ploubidis GB, et al. Changes in the adult consequences of 

adolescent mental ill-health: findings from the 1958 and 1970 British birth cohorts. Psychol 

Med 2023; 53: 1074–1083. 

[37]  Caspi A, Houts RM, Ambler A, et al. Longitudinal Assessment of Mental Health Disorders 

and Comorbidities Across 4 Decades Among Participants in the Dunedin Birth Cohort Study. 

JAMA Netw Open 2020; 3: e203221. 

[38]  Rothon C, Edwards P, Bhui K, et al. Physical activity and depressive symptoms in 

adolescents: A prospective study. BMC Med; 8. Epub ahead of print 2010. DOI: 

10.1186/1741-7015-8-32. 

[39]  Dale LP, Vanderloo L, Moore S, et al. Physical activity and depression, anxiety, and self-

esteem in children and youth: An umbrella systematic review. Ment Health Phys Act 2019; 16: 

66–79. 

[40]  Biddle SJH, Asare M. Physical activity and mental health in children and adolescents: A 

review of reviews. Br J Sports Med 2011; 45: 886–895. 



 

 105 

[41]  McPhie ML, Rawana JS. Unravelling the relation between physical activity, self-esteem and 

depressive symptoms among early and late adolescents: A mediation analysis. Ment Health 

Phys Act 2012; 5: 43–49. 

[42]  Valois RF, Umstattd MR, Zullig KJ, et al. Physical activity behaviors and emotional self-

efficacy: Is there a relationship for adolescents? Journal of School Health 2008; 78: 321–327. 

[43]  Lubans DR, Plotnikoff RC, Lubans NJ. Review: A systematic review of the impact of physical 

activity programmes on social and emotional well-being in at-risk youth. Child Adolesc Ment 

Health 2012; 17: 2–13. 

[44]  Tamminen N, Reinikainen J, Appelqvist-Schmidlechner K, et al. Associations of physical 

activity with positive mental health: A population-based study. Ment Health Phys Act; 18. 

Epub ahead of print 1 March 2020. DOI: 10.1016/j.mhpa.2020.100319. 

[45]  Monti J, Hillman C, Cohen N. Aerobic fitness enhances relational memory in preadolescent 

children: the FITKids randomized control trial. Hippocampus 2012; 22: 1876–1882. 

[46]  Hillman CH, Castelli DM, Buck SM. Aerobic fitness and neurocognitive function in healthy 

preadolescent children. Med Sci Sports Exerc 2005; 37: 1967–1974. 

[47]  Chaddock L, Hillman CH, Pontifex MB, et al. Childhood aerobic fitness predicts cognitive 

performance one year later. J Sports Sci 2012; 30: 421–430. 

[48]  Marques A, Santos DA, Hillman CH, et al. How does academic achievement relate to 

cardiorespiratory fitness, self-reported physical activity and objectively reported physical 

activity: A systematic review in children and adolescents aged 6-18 years. Br J Sports Med 

2018; 52: 1039. 

[49]  Rasberry CN, Lee SM, Robin L, et al. The association between school-based physical activity, 

including physical education, and academic performance: a systematic review of the literature. 

Prev Med (Baltim) 2011; 52 Suppl 1: S10-20. 

[50]  Esteban-Cornejo I, Tejero-Gonzalez CM, Sallis JF, et al. Physical activity and cognition in 

adolescents: A systematic review. J Sci Med Sport 2015; 18: 534–539. 

[51]  Korczak DJ, Madigan S, Colasanto M. Children’s physical activity and depression: A meta-

analysis. Pediatrics; 139. Epub ahead of print 2017. DOI: 10.1542/peds.2016-2266. 



 

 106 

[52]  Carter T, Pascoe M, Bastounis A, et al. The effect of physical activity on anxiety in children 

and young people: a systematic review and meta-analysis. Journal of Affective Disorders 

2021; 285: 10–21. 

[53]  Bélair MA, Kohen DE, Kingsbury M, et al. Relationship between leisure time physical 

activity, sedentary behaviour and symptoms of depression and anxiety: Evidence from a 

population-based sample of Canadian adolescents. BMJ Open 2018; 8: 1–8. 

[54]  Buchan MC, Romano I, Butler A, et al. Bi-directional relationships between physical activity 

and mental health among a large sample of Canadian youth: a sex-stratified analysis of 

students in the COMPASS study. International Journal of Behavioral Nutrition and Physical 

Activity; 18. Epub ahead of print 1 December 2021. DOI: 10.1186/s12966-021-01201-z. 

[55]  Doré I, Sylvester B, Sabiston C, et al. Mechanisms underpinning the association between 

physical activity and mental health in adolescence: A 6-year study. International Journal of 

Behavioral Nutrition and Physical Activity 2020; 17: 1–9. 

[56]  Lubans D, Richards J, Hillman C, et al. Physical activity for cognitive and mental health in 

youth: A systematic review of mechanisms. Pediatrics; 138. Epub ahead of print 2016. DOI: 

10.1542/peds.2016-1642. 

[57]  Annesi JJ. Improvements in self-concept associated with reductions in negative mood in 

preadolescents enrolled in an after-school physical activity program. Psychological Reports 

2005 2005; 97: 400–404. 

[58]  Faulkner G, Weatherson K, Patte K, et al. Are one-year changes in adherence to the 24-hour 

movement guidelines associated with flourishing among Canadian youth? Prev Med (Baltim) 

2020; 139: 106179. 

[59]  Diener E, Wirtz D, Tov W, et al. New well-being measures: Short scales to assess flourishing 

and positive and negative feelings. Soc Indic Res 2010; 97: 143–156. 

[60]  Granero-Jiménez J, López-Rodríguez MM, Dobarrio-Sanz I, et al. Influence of Physical 

Exercise on Psychological Well-Being of Young Adults: A Quantitative Study. Int J Environ 

Res Public Health; 19. Epub ahead of print 1 April 2022. DOI: 10.3390/ijerph19074282. 



 

 107 

[61]  Venning A, Wilson A, Kettler L, et al. Mental health among youth in South Australia: A 

survey of flourishing, languishing, struggling, and floundering. Aust Psychol 2013; 48: 299–

310. 

[62]  Foster M. Physical Activity and Flourishing in Adolescents in a Nationally Representative 

Sample. Research in Pediatrics & Neonatology; 8. Epub ahead of print 23 May 2024. DOI: 

10.31031/rpn.2024.08.000686. 

[63]  Jongenelis MI, Scully M, Morley B, et al. Physical activity and screen-based recreation: 

Prevalences and trends over time among adolescents and barriers to recommended 

engagement. Prev Med (Baltim) 2018; 106: 66–72. 

[64]  Nader P, Bradley R, Houts R, et al. Moderate-to-Vigorous Physical Activity From Ages 9 to 

15 Years. Children 2008; 300: 295–305. 

[65]  Kwon S, Janz KF, Letuchy EM, et al. Developmental trajectories of physical activity, sports, 

and television viewing during childhood to young adulthood: Iowa bone development study. 

JAMA Pediatr 2015; 169: 666–672. 

[66]  Lytle LA, Murray DM, Evenson KR, et al. Mediators affecting girls’ levels of physical 

activity outside of school: Findings from the trial of activity in adolescent girls. Annals of 

Behavioral Medicine 2009; 38: 124–136. 

[67]  Pate RR, Dowda M, Dishman RK, et al. Change in Children’s Physical Activity: Predictors in 

the Transition From Elementary to Middle School. Am J Prev Med 2019; 56: e65–e73. 

[68]  Farooq MA, Parkinson KN, Adamson AJ, et al. Timing of the decline in physical activity in 

childhood and adolescence: Gateshead Millennium Cohort Study. Br J Sports Med 2018; 52: 

1002–1006. 

[69]  Farooq A, Martin A, Janssen X, et al. Longitudinal changes in moderate-to-vigorous-intensity 

physical activity in children and adolescents: A systematic review and meta-analysis. Obesity 

Reviews; 21. Epub ahead of print 1 January 2020. DOI: 10.1111/obr.12953. 

[70]  Cairney J, Veldhuizen S, Kwan M, et al. Biological Age and Sex-Related Declines in Physical 

Activity during Adolescence. Med Sci Sports Exerc 2014; 46: 730–735. 



 

 108 

[71]  METCALF BS, HOSKING J, JEFFERY AN, et al. Exploring the Adolescent Fall in Physical 

Activity. Med Sci Sports Exerc 2015; 47: 2084–2092. 

[72]  Corder K, Winpenny E, Love R, et al. Change in physical activity from adolescence to early 

adulthood: A systematic review and meta-analysis of longitudinal cohort studies. British 

Journal of Sports Medicine 2019; 53: 496–503. 

[73]  Howie EK, McVeigh JA, Smith AJ, et al. Organized Sport Trajectories from Childhood to 

Adolescence and Health Associations. Med Sci Sports Exerc 2016; 48: 1331–1339. 

[74]  Riglea T, Doré I, O’Loughlin J, et al. Contemporaneous trajectories of physical activity and 

screen time in adolescents. Appl Physiol Nutr Metab 2021; 46: 676–684. 

[75]  Dagkas S. Problematizing Social Justice in Health Pedagogy and Youth Sport: 

Intersectionality of Race, Ethnicity, and Class. Research Quarterly for Exercise and Sport 

2016; 87: 221–229. 

[76]  Harvey A, Faulkner G, Giangregorio L, et al. An examination of school- and student-level 

characteristics associated with the likelihood of students’ meeting the Canadian physical 

activity guidelines in the COMPASS study. Canadian Journal of Public Health 2017; 108: 

e348–e354. 

[77]  Martins J, Marques A, Peralta M, et al. Correlates of physical activity in young people: A 

narrative review of reviews. Implications for physical education based on a socio-ecological 

approach. / Correlatos de actividad física en jóvenes: Una revisión narrativa de revisiones. 

Implicaciones para. Retos: Nuevas Perspectivas de Educación Física, Deporte y Recreación 

2017; 31: 292–299. 

[78]  Biddle SJH, Atkin AJ, Cavill N, et al. Correlates of physical activity in youth: A review of 

quantitative systematic reviews. Int Rev Sport Exerc Psychol 2011; 4: 25–49. 

[79]  Sallis JF, Prochaska JJ, Taylor WC. A review of correlates of physical activity. Med Sci Sports 

Exerc 2000; 963–975. 

[80]  Sterdt E, Liersch S, Walter U. Correlates of physical activity of children and adolescents: A 

systematic review of reviews. Health Educ J 2014; 73: 72–89. 



 

 109 

[81]  Patte KA, Laxer RE, Qian W, et al. An analysis of weight perception and physical activity and 

dietary behaviours among youth in the COMPASS study. SSM Popul Health 2016; 2: 841–

849. 

[82]  Priesmeyer J, Fedewa AL, Toland M. Long-Term Trends of Participation in Physical Activity 

During Adolescence With Educational Ambition and Attainment. Journal of School Health 

2019; 89: 20–30. 

[83]  Aaltonen S, Latvala A, Rose RJ, et al. Leisure-Time Physical Activity and Academic 

Performance: Cross-Lagged Associations from Adolescence to Young Adulthood. Sci Rep; 6. 

Epub ahead of print 15 December 2016. DOI: 10.1038/srep39215. 

[84]  Comte M, Hobin E, Manske S, 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 Health 2015; 12: 649–654. 

[85]  Tammelin T. A review of longitudinal studies on youth predictors of adulthood physical 

activity. 2005. 

[86]  Malina RM. Tracking of physical activity and physical fitness across the lifespan. Res Q Exerc 

Sport 1996; 67: S-48-S-57. 

[87]  Tammelin T, Näyhä S, Hills AP, et al. Adolescent participation in sports and adult physical 

activity. Am J Prev Med 2003; 24: 22–28. 

[88]  Craggs C, Corder K, Van Sluijs EMF, et al. Determinants of change in physical activity in 

children and adolescents: A systematic review. Am J Prev Med 2011; 40: 645–658. 

[89]  Uijtdewilligen L, Nauta J, Singh AS, et al. Determinants of physical activity and sedentary 

behaviour in young people: A review and quality synthesis of prospective studies. Br J Sports 

Med 2011; 45: 896–905. 

[90]  Moore MJ, Werch CE. Sport and physical activity participation and substance use among 

adolescents. Journal of Adolescent Health 2005; 36: 486–493. 

[91]  Butler A, Romano I, Patte K, et al. Psychological correlates and binge drinking behaviours 

among Canadian youth: A cross-sectional analysis of the mental health pilot data from the 

COMPASS study. BMJ Open 2019; 9: 1–10. 



 

 110 

[92]  MacArthur GJ, Jacob N, Pound P, et al. Among friends: a qualitative exploration of the role of 

peers in young people’s alcohol use using Bourdieu’s concepts of habitus, field and capital. 

Sociol Health Illn 2017; 39: 30–46. 

[93]  Terry-Mcelrath YM, O’Malley PM, Johnston LD. Exercise and substance use among american 

youth, 1991-2009. Am J Prev Med 2011; 40: 530–540. 

[94]  Vidot DC, Bispo JB, Hlaing WWM, et al. Moderate and vigorous physical activity patterns 

among marijuana users: Results from the 2007–2014 National Health and Nutrition 

Examination Surveys. Drug Alcohol Depend 2017; 178: 43–48. 

[95]  Korn L, Haynie DL, Luk JW, et al. Prospective associations between cannabis use and 

negative and positive health and social measures among emerging adults. International 

Journal of Drug Policy 2018; 58: 55–63. 

[96]  Ruiz-Trasserra A, Pérez A, Continente X, et al. Patterns of physical activity and associated 

factors among teenagers from Barcelona (Spain) in 2012. Gac Sanit 2017; 31: 485–491. 

[97]  Bai Y, Allums-Featherston K, Saint-Maurice PF, et al. Evaluation of Youth Enjoyment 

Toward Physical Activity and Sedentary Behavior. Pediatr Exerc Sci 2018; 30: 273–280. 

[98]  Chen R, Wang L, Wang B, et al. Motivational climate, need satisfaction, self-determined 

motivation, and physical activity of students in secondary school physical education in China. 

BMC Public Health; 20. Epub ahead of print 1 December 2020. DOI: 10.1186/s12889-020-

09750-x. 

[99]  Kalajas-Tilga H, Koka A, Hein V, et al. Motivational processes in physical education and 

objectively measured physical activity among adolescents. J Sport Health Sci. Epub ahead of 

print 2019. DOI: 10.1016/j.jshs.2019.06.001. 

[100]  Behrens TK, Holeva-Eklund WM, Luna C, et al. An Evaluation of an Unstructured and 

Structured Approach to Increasing Recess Physical Activity. Journal of School Health 2019; 

89: 636–642. 

[101]  Spink KS, Shields CA, Chad K, et al. Correlates of structured and unstructured activity among 

sufficiently active youth and adolescents: A new approach to understanding physical activity. 

Pediatr Exerc Sci 2006; 18: 203–215. 



 

 111 

[102]  Wu WC, Chang LY, Luh DL, et al. Sex differences in the trajectories of and factors related to 

extracurricular sport participation and exercise: a cohort study spanning 13 years. BMC Public 

Health 2020; 20: 1–14. 

[103]  Sabo D, Veliz P. Go Out and Play: Youth Sports in America. Women’s Sports Foundation, 

1899 Hempstead Turnpike Suite 400, Eisenhower Park, East Meadow, NY 11554, 

http://search.proquest.com.proxy.lib.uwaterloo.ca/docview/1322251036?accountid=14906 

(October 2008). 

[104]  Eime R, Harvey J, Charity M, et al. Longitudinal trends in sport participation and retention of 

women and girls. Front Sports Act Living; 2. Epub ahead of print 2020. DOI: 

10.3389/fspor.2020.00039. 

[105]  Kjonniksen L, Fjortoft I, Wold B. Attitude to Physical Education and Participation in 

Organized Youth Sports during Adolescence Related to Physical Activity in Young 

Adulthood: A 10-Year Longitudinal Study. Eur Phy Educ Rev 2009; 15: 139–154. 

[106]  Kjønniksen L, Anderssen N, Wold B. Organized youth sport as a predictor of physical activity 

in adulthood. Scand J Med Sci Sports 2009; 19: 646–654. 

[107]  WHO. Promoting Physical Activity in Schools: An Important Element of a Health-Promoting 

School. 2007. 

[108]  Chen A, Hancock GR. Conceptualizing a Theoretical Model for School-Centered Adolescent 

Physical Activity Intervention Research. Quest-Illinois-National Association for Physical 

Education in Higher Education- 2006; 58: 355–376. 

[109]  Faulkner G, Zeglen L, Leatherdale S, et al. The relationship between school physical activity 

policy and objectively measured physical activity of elementary school students: a multilevel 

model analysis. Archives of Public Health; 72. 

[110]  Weatherson KA, O’Neill M, Lau E, et al. The Protective Effects of School Connectedness on 

Substance Use and Physical Activity. Journal of Adolescent Health 2018; 63: 724–731. 

[111]  Ontario Ministry of Education. The Ontario Curriculum Grades 9 to 12: Health and Physical 

Education. Queen’s Printer for Ontario, www.ontario.ca/edu. (2015). 



 

 112 

[112]  Dwyer JJM, Allison KR, LeMoine KN, et al. A provincial study of opportunities for school-

based physical activity in secondary schools. J Adolesc Health 2006; 39: 80–86. 

[113]  Sallis JF, McKenzie TL, Beets MW, et al. Physical Education’s Role in Public Health: Steps 

Forward and Backward over 20 Years and HOPE for the Future. Res Q Exerc Sport 2012; 83: 

125–135. 

[114]  Ontario Agency for Health Protection and Promotion (Public Health Ontario), Lu D, Tyler I. 

Focus On: A Proportionate Approach to Priority Populations. Toronto, ON: Queen’s Printer 

for Ontario, 2015. 

[115]  World-wide survey of school physical education. Paris, France: UNESCO, 2014. 

[116]  Government of Ontario. Ministry of Education, https://www.ontario.ca/page/ministry-

education (2020). 

[117]  Kilborn M, Lorusso J, Francis N. An analysis of Canadian physical education curricula. Eur 

Phy Educ Rev 2016; 22: 23–46. 

[118]  British Columbia Ministry of Education. British Columbia Physical and Health Education - 

Grade 10 Curriculum, www.curriculum.gov.bc.ca (March 2018). 

[119]  Newfoundland and Labrador Department of Education. Newfoundland and Labrador Physical 

Education Curriculum Guide - 2100 & 2101. 2100. 

[120]  Government of Saskatchewan. 2019 Saskatchewan Curriculum - Physical Education 20. 

[121]  Loisir et Sport Québec Éducation. Progression of Learning in Secondary School Physical 

Education and Health. 2010; 1–27. 

[122]  Government of Manitoba. Manitoba Physical Education / Health Education Curriculum 

Overview. 

[123]  Hobin E, Erickson T, Comte M, et al. Examining the impact of a province-wide physical 

education policy on secondary students’ physical activity as a natural experiment. 

International Journal of Behavioral Nutrition and Physical Activity; 14. Epub ahead of print 

19 July 2017. DOI: 10.1186/s12966-017-0550-7. 

[124]  Roetert EP, MacDonald LC. Unpacking the physical literacy concept for K-12 physical 

education: Whatshould we expect the learner to master? J Sport Health Sci 2015; 4: 108–112. 



 

 113 

[125]  Ryan T, Poirier Y. Secondary Physical Education Avoidance and Gender: Problems and 

Antidotes. International Journal of Instruction; 5, www.e-iji.net (2012). 

[126]  Tassitano RM, Barros MVG, Ten´orio MCM, et al. Enrollment in Physical Education Is 

Associated With Health-Related Behavior Among High School Students. J Sch Health 2010; 

80: 126–133. 

[127]  Silva RJDS, Silva DAS, Oliveira AC. Low physical activity levels and associated factors in 

Brazilian adolescents from public high schools. J Phys Act Health 2014; 11: 1438–1445. 

[128]  Pate RR, Ward DS, O JR, et al. Enrollment in Physical Education Is Associated With Overall 

Physical Activity in Adolescent Girls. Res Q Exerc Sport 2007; 78: 265–270. 

[129]  Corbin CB. Conceptual physical education: A course for the future. Journal of Sport and 

Health Science 2021; 10: 308–322. 

[130]  U.S. Department of Health and Human Services Centers for Disease Control and Prevention. 

Results from the School Health Policies and Practices Study 2014. 2014. 

[131]  Hobin EP, Leatherdale ST, Manske S, et al. 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; 12. Epub ahead of 

print December 2012. DOI: 10.1186/1471-2458-12-74. 

[132]  Durant N, Harris SK, Doyle S, et al. Relation of School Environment and Policy to Adolescent 

Physical Activity. Journal of School Health 2009; 153–159. 

[133]  Faulkner G, Goodman J, Adlaf E, et al. Participation in high school physical education - 

Ontario, Canada, 1999-2005. Morbidity and Mortality Weekly Report 2007; 56: 52–54. 

[134]  Barratt J, Patte KA, Battista K, et al. The Impact of Changes in Physical Education Class 

Enrollment on Moderate-to-Vigorous Physical Activity Among a Large Sample of Canadian 

Youth. Journal of School Health 2021; 91: 1030–1036. 

[135]  Gibbons SL, Gaul CA. Making physical education meaningful for young women: Case study 

in educational change. AVANTE 2004; 10: 1–16. 



 

 114 

[136]  Sulz LD, Humbert ML, Gyurcsik NC, et al. A Student’s Choice: Enrollment in Elective 

Physical Education Inscription aux cours d’éducation physique optionnels: Au choix de 

l’élève. PHENex Journal; 2. 

[137]  Nakamura PM, Teixeira IP, Papini CB, et al. Physical education in schools, sport activity and 

total physical activity in adolescents. Revista Brasileira de Cineantropometria e Desempenho 

Humano 2013; 15: 517–526. 

[138]  Ryu S, Loprinzi P, Kim H, et al. Temporal trends in the association between participation in 

physical education and physical activity among U.S. high school students, 2011-2017. Int J 

Environ Res Public Health 2020; 17: 1–10. 

[139]  Cheah YK, Lim HK, Kee CC. Demographic and lifestyle determinants of time spent in 

physical activity among Malaysian adolescents. Int J Pediatr Adolesc Med 2018; 5: 49–54. 

[140]  Lubans DR, Lonsdale C, Cohen K, et al. Framework for the design and delivery of organized 

physical activity sessions for children and adolescents: rationale and description of the 

‘SAAFE’ teaching principles. Int J Behav Nutr Phys Act 2017; 14: 24. 

[141]  Hollis JL, Sutherland R, Williams AJ, et al. A systematic review and meta-analysis of 

moderate-to-vigorous physical activity levels in secondary school physical education lessons. 

Int J Behav Nutr Phys Act 2017; 14: 52. 

[142]  Novakova Lokvencova P, Skalik K, Fromel K, et al. An analysis of school physical activity in 

adolescent girls. Acta Gymnica 2011; 41: 65–70. 

[143]  Smith MP, Berdel D, Nowak D, et al. Physical activity levels and domains assessed by 

accelerometry in German adolescents from giniplus and lisaplus. PLoS One; 11. Epub ahead 

of print 1 March 2016. DOI: 10.1371/journal.pone.0152217. 

[144]  Loprinzi PD, Cardinal BJ, Cardinal MK, et al. Physical Education and Sport: Does 

Participation Relate to Physical Activity Patterns, Observed Fitness, and Personal Attitudes 

and Beliefs? American Journal of Health Promotion 2018; 32: 613–620. 

[145]  Hobin E, So J, Rosella L, et al. Trajectories of objectively measured physical activity among 

secondary students in Canada in the context of a province-wide physical education policy: a 

longitudinal analysis. J Obes 2014; 2014: 958645. 



 

 115 

[146]  Frömel K, Svozil Z, Chmelík F, et al. The Role of Physical Education Lessons and Recesses in 

School Lifestyle of Adolescents. Journal of School Health 2016; 86: 143–151. 

[147]  Mayorga-Vega D, Martínez-Baena A, Viciana J. Does school physical education really 

contribute to accelerometer-measured daily physical activity and non sedentary behaviour in 

high school students? J Sports Sci 2018; 36: 1913–1922. 

[148]  Slater A, Tiggemann M. Gender differences in adolescent sport participation, teasing, self-

objectification and body image concerns. J Adolesc 2011; 34: 455–463. 

[149]  Deaner RO, Balish SM, Lombardo MP. Sex differences in sports interest and motivation: An 

evolutionary perspective. Evol Behav Sci 2016; 10: 73–97. 

[150]  Rocliffe P, Adamakis M, O’Keeffe BT, et al. The Impact of Typical School Provision of 

Physical Education, Physical Activity and Sports on Adolescent Mental Health and Wellbeing: 

A Systematic Literature Review. Adolescent Research Review 2024; 9: 339–364. 

[151]  Lanier K V, Killian CM, Wilson K, et al. Physical Education Participation and Student 

Anxiety, Depression, and/or Stress: A Scoping Review. Kinesiology Review 2022; 11: 209–

219. 

[152]  Kacie O, Connor. Participation in Physical Education and the Effect on Mental Health, 

https://nwcommons.nwciowa.edu/education_masters/289. 

[153]  Triaca LM, Frio GS, Aniceto França MT. A gender analysis of the impact of physical 

education on the mental health of brazilian schoolchildren. SSM Popul Health 2019; 8: 

100419. 

[154]  Dos Santos SJ, Hardman CM, Barros SSH, et al. Association between physical activity, 

participation in Physical Education classes, and social isolation in adolescents. J Pediatr (Rio 

J) 2015; 91: 543–550. 

[155]  Murphy J, McGrane B, White RL, et al. Self-Esteem, Meaningful Experiences and the Rocky 

Road—Contexts of Physical Activity That Impact Mental Health in Adolescents. Int J Environ 

Res Public Health; 19. Epub ahead of print 1 December 2022. DOI: 10.3390/ijerph192315846. 



 

 116 

[156]  Barkoukis V, Koidou E, Tsorbatzoudis H. Effects of a motivational climate intervention on 

state anxiety, self-efficacy, and skill development in physical education. Eur J Sport Sci 2010; 

10: 167–177. 

[157]  Huhtiniemi M, Salin K, Lahti J, et al. Finnish students’ enjoyment and anxiety levels during 

fitness testing classes. Phys Educ Sport Pedagogy 2020; 1–15. 

[158]  Kliziene I, Klizas S, Cizauskas G, et al. Effects of a 7-month exercise intervention programme 

on the psychosocial adjustment and decrease of anxiety among adolescents. European Journal 

of Contemporary Education 2018; 7: 127–136. 

[159]  Liukkonen J, Barkoukis V, Watt A, et al. Motivational climate and students’ emotional 

experiences and effort in physical education. Journal of Educational Research 2010; 103: 

295–308. 

[160]  Jaakkola T, Barkoukis V, Huhtiniemi M, et al. Enjoyment and anxiety in finnish physical 

education – Achievement goals and self-determination perspectives. Journal of Physical 

Education and Sport 2019; 19: 1619–1629. 

[161]  Cocca A, Verdugo FE, Cuenca LTR, et al. Effect of a game-based physical education program 

on physical fitness and mental health in elementary school children. Int J Environ Res Public 

Health 2020; 17: 1–13. 

[162]  Lodewyk KR, Pybus CM. Investigating Factors in the Retention of Students in High School 

Physical Education. 2013. 

[163]  Haug E, Castillo I, Samdal O, et al. Body-related concerns and participation in physical 

education among adolescent students: the mediating role of motivation. Front Psychol; 14. 

Epub ahead of print 2023. DOI: 10.3389/fpsyg.2023.1266740. 

[164]  Martins J, Costa J, Sarmento H, et al. Adolescents’ perspectives on the barriers and facilitators 

of physical activity: An updated systematic review of qualitative studies. International Journal 

of Environmental Research and Public Health; 18. Epub ahead of print 1 May 2021. DOI: 

10.3390/ijerph18094954. 

[165]  White RL, Bennie A, Vasconcellos D, et al. Self-determination theory in physical education: 

A systematic review of qualitative studies. Teaching and Teacher Education; 99. Epub ahead 

of print 1 March 2021. DOI: 10.1016/j.tate.2020.103247. 



 

 117 

[166]  Bacon L, Aphramor L. Weight science: Evaluating the evidence for a paradigm shift. Nutrition 

Journal; 10. Epub ahead of print 2011. DOI: 10.1186/1475-2891-10-9. 

[167]  Public Health Agency of Canada. Planning Public Health Programs: Information and Tools, 

https://cbpp-pcpe.phac-aspc.gc.ca/resources/planning-public-health-programs/ (2014). 

[168]  Leatherdale ST. Natural experiment methodology for research: a review of how different 

methods can support real-world research. Int J Soc Res Methodol 2019; 22: 19–35. 

[169]  Bamberger M, Mabry L. RealWorld Evaluation: Working under Budget, Time, Data, and 

Political Constraints . 3rd ed. Thousand Oaks: SAGE PublicationsInc, 2019. 

[170]  Contardo Ayala AM, Parker K, Mazzoli E, et al. Effectiveness of Intervention Strategies to 

Increase Adolescents’ Physical Activity and Reduce Sedentary Time in Secondary School 

Settings, Including Factors Related to Implementation: A Systematic Review and Meta-

Analysis. Sports Medicine - Open; 10. Epub ahead of print 1 December 2024. DOI: 

10.1186/s40798-024-00688-7. 

[171]  Errisuriz VL, Golaszewski NM, Born K, et al. Systematic Review of Physical Education-

Based Physical Activity Interventions Among Elementary School Children. Journal of 

Primary Prevention 2018; 39: 303–327. 

[172]  Dudley D, Okely A, Pearson P, et al. A systematic review of the effectiveness of physical 

education and school sport interventions targeting physical activity, movement skills and 

enjoyment of physical activity. Eur Phy Educ Rev 2011; 17: 353–378. 

[173]  Guo S, Fraser M, Chen Q. Propensity score analysis: Recent debate and discussion. J Soc 

Social Work Res 2020; 11: 463–482. 

[174]  Gopalan M, Rosinger K, Ahn J Bin. Use of Quasi-Experimental Research Designs in 

Education Research: Growth, Promise, and Challenges. Review of Research in Education 

2020; 44: 218–243. 

[175]  Works Clearinghouse W. What Works ClearinghouseTM Standards Handbook (Version 4.0). 

[176]  Duncan MJ, Oftedal S, Rebar AL, et al. Patterns of physical activity, sitting time, and sleep in 

Australian adults: A latent class analysis. Sleep Health 2020; 6: 828–834. 



 

 118 

[177]  Mayorga-Vega D, Parra Saldías M, Viciana J. Niveles objetivos de actividad física durante las 

clases de Educación Física en estudiantes chilenos usando acelerometría. / Objectively 

measured physical activity levels during Physical Education lessons in Chilean students using 

accelerometry. Retos: Nuevas Perspectivas de Educación Física, Deporte y Recreación 2020; 

123–128. 

[178]  Doggett A, Battista K, Leatherdale ST. Modes of cannabis use among Canadian youth in the 

COMPASS study; using LCA to examine patterns of smoking, vaping, and eating/drinking 

cannabis. Drugs: Education, Prevention and Policy 2021; 28: 156–164. 

[179]  Laxer RE, Brownson RC, Dubin JA, et al. Clustering of risk-related modifiable behaviours 

and their association with overweight and obesity among a large sample of youth in the 

COMPASS study. BMC Public Health; 17. Epub ahead of print 21 January 2017. DOI: 

10.1186/s12889-017-4034-0. 

[180]  Collins L, Lanza S. Latent class and latent transition analysis: With applications in the social, 

behavioural, and health sciences. John Wiley & Sons, Inc., www.wiley.com/go/permission. 

(2010). 

[181]  Miranda VPN, Dos Santos Amorim PR, Bastos RR, et al. Evaluation of lifestyle of female 

adolescents through latent class analysis approach. BMC Public Health; 19. Epub ahead of 

print 13 February 2019. DOI: 10.1186/s12889-019-6488-8. 

[182]  Lanza ST, Collins LM. A Mixture Model of Discontinuous Development in Heavy Drinking 

From Ages 18 to 30: The Role of College Enrollment*. 2006. 

[183]  Hobin E, Leatherdale S, Manske S, et al. A multilevel examination of factors of the school 

environment and time spent in moderate to vigorous physical activity among a sample of 

secondary school students in grades 9-12 in Ontario, Canada. Int J Public Health 2012; 57: 

699–709. 

[184]  Austin PC. An introduction to propensity score methods for reducing the effects of 

confounding in observational studies. Multivariate Behav Res 2011; 46: 399–424. 

[185]  Rosenbaum PR, Rubin DB. The central role of the propensity score in observational studies 

for causal effects. Matched Sampling for Causal Effects 2006; 170–184. 



 

 119 

[186]  Haviland A, Nagin DS, Rosenbaum PR. Combining Propensity Score Matching and Group-

Based Trajectory Analysis in an Observational Study. Psychol Methods 2007; 12: 247–267. 

[187]  Uhlhaas PJ, Davey CG, Mehta UM, et al. Towards a youth mental health paradigm: a 

perspective and roadmap. Molecular Psychiatry 2023; 28: 3171–3181. 

[188]  Manitoba Education C and Y. Senior 1 and senior 2 physical education/health education : a 

foundation for implementation. Manitoba Ministry of Education, Citizenship and Youth, 2004. 

[189]  Leatherdale ST, Brown KS, Carson V, 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. BMC Public Health; 14. Epub ahead 

of print 8 April 2014. DOI: 10.1186/1471-2458-14-331. 

[190]  Thompson-Haile A, Bredin C, Leatherdale ST. Rationale for using an Active-Information 

Passive-Consent Permission Protocol in COMPASS. Waterloo, Ontario, 

www.compass.uwaterloo.ca (2013). 

[191]  Battista K, Qian W, Bredin C, et al. Student Data Linkage over Multiple Years. Waterloo, ON, 

www.compass.uwaterloo.ca (2019). 

[192]  Elton-Marshall T, Leatherdale ST, Burkhalter R. Tobacco, alcohol and illicit drug use among 

Aboriginal youth living off-reserve: Results from the Youth Smoking Survey. CMAJ 

Canadian Medical Association Journal; 183. Epub ahead of print 17 May 2011. DOI: 

10.1503/cmaj.101913. 

[193]  Stanbrook MB, Salami B. CMAJ’s new guidance on the reporting of race and ethnicity in 

research articles. Can Med Assoc J 2023; 195: E236–E238. 

[194]  Bredin C, Leatherdale ST. Development of the COMPASS Student Questionnaire. COMPASS 

Technical Report Series; 2, www.compass.uwaterloo.ca (2014). 

[195]  Wong SL, Leatherdale ST, Manske S. Reliability and validity of a school-based physical 

activity questionnaire. Med Sci Sports Exerc 2006; 38: 1593–1600. 

[196]  Leatherdale ST, Laxer RE, Faulkner G. Reliability and validity of the physical activity and 

sedentary behaviour measures in the COMPASS study. Compass Technical Report Series; 2, 

www.compass.uwaterloo.ca (2014). 



 

 120 

[197]  Patte KA, Bredin C, Henderson J, et al. Development of a mental health module for the 

COMPASS system: Improving youth mental health trajectories Part 2: Pilot Test and Focus 

Group Results. Waterloo, Ontario, www.compass.uwaterloo.ca. (2017). 

[198]  Patte KA, Bredin C, Henderson J, et al. Development of a mental health module for the 

COMPASS system: Improving youth mental health trajectories. Part 1: Draft Development 

and Design. Waterloo, Ontario, www.compass.uwaterloo.ca. (2017). 

[199]  Zhang W, O’Brien N, Forrest JI, et al. Validating a shortened depression scale (10 item CES-

D) among HIV-Positive people in British Columbia, Canada. PLoS One. Epub ahead of print 

2012. DOI: 10.1371/journal.pone.0040793. 

[200]  Andresen E, Malmgren J, Carter W, et al. Screening for depression in well older adults: 

evaluation of a short form of the CES-D (Center for Epidemiologic Studies Depression Scale). 

Am J Prev Med 1994; 10: 77–84. 

[201]  Bradley KL, Bagnell AL, Brannen CL. Factorial validity of the center for epidemiological 

studies depression 10 in adolescents. Issues Ment Health Nurs. Epub ahead of print 2010. 

DOI: 10.3109/01612840903484105. 

[202]  Cartierre N, Coulon N, Demerval R. Analyse confirmatoire de la version courte de la Center 

for Epidemiological Studies of Depression Scale (CES-D10) chez les adolescents. Encephale 

2011; 37: 273–277. 

[203]  Spitzer RL, Kroenke K, Williams JW, et al. A brief measure for assessing generalized anxiety 

disorder: The GAD-7. Arch Intern Med 2006; 166: 1092–1097. 

[204]  Tiirikainen K, Haravuori H, Ranta K, et al. Psychometric properties of the 7-item Generalized 

Anxiety Disorder Scale (GAD-7) in a large representative sample of Finnish adolescents. 

Psychiatry Res 2019; 272: 30–35. 

[205]  Adjorlolo S. Generalised anxiety disorder in adolescents in Ghana: Examination of the 

psychometric properties of the Generalised Anxiety Disorder-7 scale. African Journal of 

Psychological Assessment 2019; 1: 1–7. 

[206]  Mossman SA, Luft MJ, Schroeder HK, et al. The Generalized Anxiety Disorder 7-item (GAD-

7) scale in adolescents with generalized anxiety disorder: signal detection and validation. Ann 

Clin Psychiatry 2018; 29: 227–234. 



 

 121 

[207]  Diener E. Assessing Well-Being. The Collected Works of Ed Diener. Springer 2009; 101–102. 

[208]  Romano I, Ferro MA, Patte KA, et al. Measurement invariance of the flourishing scale among 

a large sample of canadian adolescents. Int J Environ Res Public Health 2020; 17: 1–15. 

[209]  Collins LM, Lanza ST. Parameter Estimation and Model Selection. Hoboken, NJ, 2009, pp. 

77–110. 

[210]  Akaike H. A New Look at the Statistical Model Identification. IEEE Trans Automat Contr 

1974; AC-19: 716–723. 

[211]  Schwarz G. Estimating the Dimension of a Model. The Annals of Statistics 1978; 6: 461–464. 

[212]  Lo Y, Mendell NR, Rubin DB. Biometrika Trust Testing the Number of Components in a 

Normal Mixture. Biometrika 2001; 88: 767–778. 

[213]  Schafer JL, Olsen MK. Multiple imputation for multivariate missing-data problems: A data 

analyst’s perspective. Multivariate Behavioral Research 1998; 33: 545–571. 

[214]  Muthén LK, Muthén BO. Mplus User’s Guide. Eighth Edition. Los Angeles, CA: Muthén & 

Muthén. 

[215]  Lee BK, Lessler J, Stuart EA. Weight trimming and propensity score weighting. PLoS One; 6. 

Epub ahead of print 2011. DOI: 10.1371/journal.pone.0018174. 

[216]  Desai RJ, Franklin JM. Alternative approaches for confounding adjustment in observational 

studies using weighting based on the propensity score: A primer for practitioners. The BMJ; 

367. Epub ahead of print 2019. DOI: 10.1136/bmj.l5657. 

[217]  Austin PC, Stuart EA. Moving towards best practice when using inverse probability of 

treatment weighting (IPTW) using the propensity score to estimate causal treatment effects in 

observational studies. Stat Med 2015; 34: 3661–3679. 

[218]  Funk MJ, Westreich D, Wiesen C, et al. Doubly robust estimation of causal effects. Am J 

Epidemiol 2011; 173: 761–767. 

[219]  Sallis JF, McKenzie TL. Physical education’s role in public health. / Le role de l ’ education 

physique dans la sante publique. Res Q Exerc Sport 1991; 62: 124–137. 



 

 122 

[220]  Pot N, Whitehead ME, Durden-Myers EJ. Physical literacy from philosophy to practice. 

Journal of Teaching in Physical Education 2018; 37: 246–251. 

[221]  Muthén LK, Muthén BO. Statistical Analysis With Latent Variables User’s Guide, 

www.StatModel.com (1998). 

[222]  Prince SA, Lancione S, Lang JJ, et al. Are people who use active modes of transportation 

more physically active? An overview of reviews across the life course. Transp Rev 2022; 42: 

645–671. 

[223]  Master L, Nye RT, Lee S, et al. Bidirectional, Daily Temporal Associations between Sleep 

and Physical Activity in Adolescents. Sci Rep; 9. Epub ahead of print 1 December 2019. DOI: 

10.1038/s41598-019-44059-9. 

[224]  Faigenbaum AD, MacDonald JP, Stracciolini A, et al. Making a Strong Case for Prioritizing 

Muscular Fitness in Youth Physical Activity Guidelines, http://journals.lww.com/acsm-csmr 

(2020). 

[225]  Kokko S, Martin L, Geidne S, et al. Does sports club participation contribute to physical 

activity among children and adolescents? A comparison across six European countries. Scand 

J Public Health 2019; 47: 851–858. 

[226]  Eisenberg ME, Wall M, Neumark-Sztainer D. Muscle-enhancing behaviors among adolescent 

girls and boys. Pediatrics 2012; 130: 1019–1026. 

[227]  Nagata JM, Ganson KT, Griffiths S, et al. Prevalence and correlates of muscle-enhancing 

behaviors among adolescents and young adults in the United States. Int J Adolesc Med Health 

2022; 34: 119–129. 

[228]  Johnson AM, Bocarro JN, Saelens BE. Youth Sport Participation by Metropolitan Status: 

2018–2019 National Survey of Children’s Health (NSCH). Res Q Exerc Sport. Epub ahead of 

print 2022. DOI: 10.1080/02701367.2022.2069662. 

[229]  Johnston LD, Delva J, O’Malley PM. Sports Participation and Physical Education in 

American Secondary Schools. Current Levels and Racial/Ethnic and Socioeconomic 

Disparities. Am J Prev Med; 33. Epub ahead of print October 2007. DOI: 

10.1016/j.amepre.2007.07.015. 



 

 123 

[230]  Adams SA, Matthews CE, Ebbeling CB, et al. The Effect of Social Desirability and Social 

Approval on Self- Reports of Physical Activity. Am J Epidemiol 2005; 161: 389–398. 

[231]  Bungum T, Dowda M, Weston A, et al. Correlates of Physical Activity in Male and Female 

Youth. Human Kinetics Publishers, Inc, 2000. 

[232]  Gardner LA, Magee CA, Vella SA. Enjoyment and behavioral intention predict organized 

youth sport participation and dropout. J Phys Act Health 2017; 14: 861–865. 

[233]  Burns RD, Bai Y, Podlog LW, et al. Associations of Physical Activity Enjoyment and 

Physical Education Enjoyment With Segmented Daily Physical Activity in Children: 

Exploring Tenets of the Trans-Contextual Model of Motivation. Journal of Teaching in 

Physical Education 2023; 42: 184–188. 

[234]  Eime RM, Young JA, Harvey JT, et al. A systematic review of the psychological and social 

benefits of participation in sport for children and adolescents: Informing development of a 

conceptual model of health through sport. International Journal of Behavioral Nutrition and 

Physical Activity; 10. Epub ahead of print 2013. DOI: 10.1186/1479-5868-10-135. 

[235]  Rollo S, Antsygina O, Tremblay MS. The whole day matters: Understanding 24-hour 

movement guideline adherence and relationships with health indicators across the lifespan. 

Journal of Sport and Health Science 2020; 9: 493–510. 

[236]  Fagan MJ, Duncan MJ, Bedi RP, et al. The prospective association between physical activity 

and initiation of current substance use among adolescents: Examining the role of school 

connectedness. Ment Health Phys Act; 24. Epub ahead of print 1 March 2023. DOI: 

10.1016/j.mhpa.2023.100503. 

[237]  Xu S, Ross C, Raebel MA, et al. Use of stabilized inverse propensity scores as weights to 

directly estimate relative risk and its confidence intervals. Value in Health 2010; 13: 273–277. 

[238]  Cole SR, Hernán MA. Adjusted survival curves with inverse probability weights. Comput 

Methods Programs Biomed 2004; 75: 45–49. 

[239]  Zhang Z, Kim HJ, Lonjon G, et al. Balance diagnostics after propensity score matching. Ann 

Transl Med 2019; 7: 16–16. 



 

 124 

[240]  Oyibo K, Vassileva J. Gender preference and difference in behavior modeling in fitness 

applications: A mixed-method approach. Multimodal Technologies and Interaction; 4. Epub 

ahead of print 1 June 2020. DOI: 10.3390/mti4020021. 

[241]  Dionigi R, Litchfield C. Physical education and female participation: A case study of teachers’ 

perspectives and strategies. Issues in Educational Research 2014; 24: 241–259. 

[242]  Nielsen SF, Nielsen G, Ottesen LS, et al. No Structure without Culture? A Survey Study of 

15–19 Year Olds’ Practices, Preferences and Perceptions of Physical Activity in a Danish 

Upper Secondary School. Young 2018; 26: 444–464. 

[243]  Frömel K, Groffik D, Kudláček M, et al. The Differences in Physical Activity Preferences and 

Practices among High versus Low Active Adolescents in Secondary Schools. Sustainability 

(Switzerland); 14. Epub ahead of print 1 January 2022. DOI: 10.3390/su14020891. 

[244]  Cooper AR, Goodman A, Page AS, et al. Objectively measured physical activity and 

sedentary time in youth: The International children’s accelerometry database (ICAD). 

International Journal of Behavioral Nutrition and Physical Activity; 12. Epub ahead of print 

17 September 2015. DOI: 10.1186/s12966-015-0274-5. 

[245]  Haas P, Yang CH, Dunton GF. Associations between physical activity enjoyment and age-

related decline in physical activity in children-results from a longitudinal within-person study. 

J Sport Exerc Psychol 2021; 43: 205–214. 

[246]  Buchan MC, Richmond SA, Skinner K, et al. Identifying latent classes of physical activity 

profiles over time among adolescents in Ontario, Canada. BMC Public Health; 24. Epub ahead 

of print 1 December 2024. DOI: 10.1186/s12889-024-18280-9. 

[247]  McNeely CA, Nonnemaker JM, Blum RW. Promoting School Connectedness: Evidence from 

the National Longitudinal Study of Adolescent Health. J Sch Health 2002; 72: 138–146. 

[248]  Sagatun A, Søgaard AJ, Bjertness E, et al. The association between weekly hours of physical 

activity and mental health: A three-year follow-up study of 15-16-year-old students in the city 

of Oslo, Norway. BMC Public Health 2007; 7: 1–9. 
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Appendix A: 

COMPASS Study Funding 

The COMPASS study has been supported by a bridge grant from the CIHR Institute of Nutrition, 

Metabolism and Diabetes (INMD) through the “Obesity – Interventions to Prevent or Treat” priority 

funding awards (OOP-110788; awarded to SL), an operating grant from the CIHR Institute of 

Population and Public Health (IPPH) (MOP-114875; awarded to SL), a CIHR project grant (PJT-

148562; awarded to SL), a CIHR bridge grant (PJT-149092; awarded to KP/SL), a CIHR project grant 

(PJT-159693; awarded to KP), and by a research funding arrangement with Health Canada (#1617-HQ-

000012; contract awarded to SL), a CIHR-Canadian Centre on Substance Use and Addiction (CCSA) 

team grant (OF7 B1-PCPEGT 410-10-9633; awarded to SL), a project grant from the CIHR Institute 

of Population and Public Health (IPPH) (PJT-180262; awarded to SL and KP). 

A SickKids Foundation New Investigator Grant, in partnership with CIHR Institute of Human 

Development, Child and Youth Health (IHDCYH) (Grant No. NI21-1193; awarded to KP) funds a 

mixed methods study examining the impact of the COVID-19 pandemic on youth mental health, 

leveraging COMPASS study data. The COMPASS-Quebec project additionally benefits from funding 

from the Ministère de la Santé et des Services sociaux of the province of Québec, and the Direction 

régionale de santé publique du CIUSSS de la Capitale-Nationale. 
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Appendix B: 

COMPASS Student Questionnaire 

The following pages include the entire COMPASS student questionnaire for the 2018/19 data 

collection year.  
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