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Abstract 

Active school transport (AST; e.g. the use of non-motorized modes such as walking and 

cycling to travel to/from school) is an inexpensive, accessible and environmentally-friendly 

source of physical activity (PA). This dissertation addresses two overarching objectives: 1) to 

measure the relationships of AST with PA and health-related outcomes; and 2) to examine the 

correlates of AST immediately before and after the transition from primary to secondary school 

(the “school transition”). First, a systematic review revealed increasing evidence showing that 

AST is associated with greater daily PA levels, and that cycling to/from school is associated with 

higher cardiovascular fitness. Cycling for transportation (not only for school trips) was also 

associated with lower values for total cholesterol and total cholesterol/HDL cholesterol ratio in 

the nationally-representative 2007-2009 Canadian Health Measures Survey. Moreover, the 

present dissertation provides preliminary evidence suggesting that AST may help attenuate the 

decline in PA across the school transition. However, the relationship between AST and body 

composition indicators remains unclear. With respect to the correlates of AST, distance was the 

strongest barrier to AST at both time points, but several road safety concerns, and the perception 

of having too much stuff to carry were also associated with engagement in motorized travel. At 

follow-up, AST was more common in children whose parents owned less than 2 cars. In contrast, 

children were more likely to engage in AST if their parents reported that they chose to live in 

their current neighbourhood so that their children could walk or bike to school. The associations 

of neighbourhood walkability (as measured with the Walk Score® application) with AST and 

PA were generally stronger after the school transition. While AST may improve health among 

children and youth, an ecological approach targeting multiple levels of influence will likely be 

needed to alleviate current barriers to AST.  
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Chapter 1. Introduction 

 

1.1 Active transportation.  

During the last decade, active transportation (e.g. using modes such as walking and 

cycling to travel to and from places such as work, school, parks, and shops) has emerged as an 

important topic in the fields of public health, urban planning and environmental sciences (British 

Medical Association, 2012; de Nazelle et al., 2011; Haines et al., 2010; Larouche, 2012; Litman, 

2013; Sallis et al., 2006; Shephard, 2008). Public health researchers are interested in promoting 

active transportation as a strategy to increase physical activity and prevent non-communicable 

diseases at the population level (Sallis et al., 2006; Shephard, 2008). In parallel, environmental 

scientists have shown that motorized travel is one of the most important contributors to rising 

greenhouse gases emissions and climate change (Chapman, 2007; Unger et al., 2010). Therefore, 

active transportation is viewed as a key climate change mitigation strategy (Haines et al., 2010; 

Woodcock et al., 2009). For their part, urban planners are concerned with transport system issues 

such as mobility and traffic congestion, travel demand and neighborhood development, all of 

which are likely to influence individuals’ travel mode decisions (Cervero & Kockelman, 1997; 

Litman, 2013). Collaborations between researchers from these different fields are becoming 

increasingly common as the potential for simultaneously achieving public health, urban planning 

and environmental objectives through active transportation is recognized (Frank et al., 2010; 

Litman, 2013; Maibach et al., 2009). This potential for “win-win” interventions can be attractive 

from a policy-maker perspective in these times of economic hardship. 

To date, the majority of research on active transportation among children and youth has 

focussed on the trip to and from school (Panter et al., 2008); hereafter referred to as active school 
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transport (AST)1. From a public health perspective, this is likely due to the fact that given their 

frequency, trips to/from school may represent an important source of physical activity (PA) for 

children and youth. In addition, motorized travel to school accounts for an increasingly large 

proportion of “rush hour” traffic and is associated with sizable emissions of exhaust and 

greenhouse gases (Marshall et al., 2010; McDonald et al., 2011). 

 

1.2 The “physical inactivity crisis”.  

Public health researchers often refer to the very low levels of PA in many countries 

around the world as a “physical inactivity crisis” (Bauman et al., 2009; Yancey & Sallis, 2009). 

Although PA guidelines recommend that children and youth engage in at least 60 minutes of 

daily moderate-to-vigorous physical activity (MVPA) (Tremblay et al., 2011; United States 

Department of Health and Human Services, 2008), the proportion of children and youth who 

meet this guideline is very low in many countries across the world (Basterfield et al., 2011; 

Colley et al., 2011; Hallal et al., 2012; Troiano et al., 2008). For example, data from the 

Canadian Health Measures Survey indicate that only 7% of Canadian children and youth met the 

Canadian PA guidelines (Colley et al., 2011). Similarly, a study of 1,001 children aged 10 to 12 

years old in the Greater Toronto Area found that only 1% of participants met the PA guidelines 

(Stone et al., 2013). This low compliance to PA guidelines at the population level may have 

important health implications. 

It has been shown that insufficient PA among children and youth is linked to deleterious 

health outcomes such as a higher prevalence of obesity (Jimenez-Pavón et al., 2010), 

cardiovascular disease (CVD) risk factors (Andersen et al., 2006; Ekelund et al., 2012), and 

lower glucose tolerance and higher fasting insulin levels (Jago et al., 2008). Insufficient PA is 
                                                 
1 The reader is referred to Appendix 1 for a list of abbreviations. 
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also associated with poor cardiovascular fitness, which is a strong and independent predictor of 

future risk of CVDs (Anderssen et al., 2007). Conversely, increasing physical activity can lead to 

improved academic achievement (Hillman et al., 2008; Trudeau & Shephard, 2008). Moreover, a 

review of reviews indicated that PA may also contribute to improved mental health in children 

and youth, although the use of more rigorous study designs is warranted (Biddle & Asare, 2011). 

During the last few decades, several studies have shown large declines in indicators of 

physical fitness (Craig et al., 2012; Tremblay et al., 2010; Wedderkopp et al., 2004; Westerstahl 

et al., 2003) accompanied by increasing obesity levels (Janssen et al., 2011; Lobstein et al., 2004; 

Olds, 2009), and even increasing prevalence of CVD risk factors (McCrindle et al., 2010) among 

children and youth. Together, this body of evidence suggests that promoting PA should be 

viewed as an urgent public health priority. 

 

1.3 Active transportation as a source of physical activity.  

Twelve years ago, Tudor-Locke, Ainsworth and Popkin (2001) described the journey 

to/from school as “an overlooked form of children’s’ physical activity” because it was largely 

ignored in surveys of PA despite anecdotal evidence suggesting a steep decline of the mode 

share of AST in several countries. Hence, interventions have traditionally focussed on leisure-

time physical activity to foster an increase of total PA level. However, increasing evidence 

suggests that this strategy may be insufficient if not complemented by other forms of physical 

activity (Bauman et al., 2008; Levine et al., 1999; Tremblay et al., 2007). Since most children 

and youth must travel to school on a daily basis, active transportation is regarded as a promising 

strategy to increase PA levels (Larouche & Trudeau, 2010; Shephard, 2008). 
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 During the last decade, several researchers have examined the relationship between AST 

and PA using different methods to assess PA (i.e. accelerometry, pedometry and questionnaires). 

A systematic review by Faulkner and colleagues (2009) found that AST was associated with 

greater objectively-measured PA levels in 11 of the 13 included studies. In studies using 

accelerometers, the mean difference between active and passive commuters varied from 0 to 45 

minutes of daily MVPA. These differences are likely due to the use of inconsistent accelerometer 

cut-points to define MVPA (Cain et al., 2013). Other studies have reported that active 

commuters were more likely to meet PA guidelines based on self-reports (Trang et al., 2009; 

Tudor-Locke et al., 2002) and pedometer step counts (Abbott et al., 2009; Johnson et al., 2010). 

Additionally, Morency and Demers (2010) estimated that if 5-14 years old children in Montréal 

replaced all their motorized trips of less than 1 km by walking, they would accumulate an 

average of 2,238 additional steps/day. 

 

1.4 Health-related outcomes of active transportation.  

Given that active transportation is one of the components of PA, one could hypothesize 

that AST may yield health benefits similar to those of PA in general. Hence, several studies have 

assessed whether AST is related to indicators of body composition such as body mass index 

(BMI), waist circumference, skinfold thickness and body fat percentage. However, the most 

recent systematic review (Lubans et al., 2011) has noted mixed findings; specifically, 48% of 

studies found that AST was associated with more favorable body composition. When lower 

quality studies were excluded, this proportion was 55%.  

Aside from study quality, a few hypotheses have been proposed to explain such 

conflicting findings. First, the energy expenditure from AST may be insufficient to have a 
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substantial impact on body weight (Lee et al., 2009). Second, researchers have used inconsistent 

methods to classify individuals as active vs. inactive travelers (Faulkner et al., 2009). For 

example, in some studies, children using AST only once per week were classified as “active 

travelers” whereas in other studies, only individuals using AST at least 50% of the time were 

classified as active travelers. Third, most studies have measured only BMI as an indicator of 

obesity, and this indicator may not accurately reflect body composition (Bere & Andersen, 

2009). Fourth, particularly in North American countries, AST tends to be more common among 

children from low socio-economic status (SES) households (Evenson et al., 2003; Pabayo et al., 

2008, 2011). In turn, low SES has been found to be associated with overweight and obesity 

(Janssen et al., 2006; Stamatakis et al., 2010). Thus, failure to adjust for potential confounders 

such as SES may partially account for the inconsistent evidence. Fifth, individuals may 

compensate for the energy expenditure resulting from AST, either by: 1) engaging in less PA; 2) 

engaging in more sedentary behaviour (e.g. waking activities with energy expenditures ≤ 1.5 

metabolic equivalents); and/or 3) increasing their food intake during the rest of the day 

(Larouche & Saunders, 2012).   

 Fewer studies have examined the relationship between AST and cardiovascular fitness 

(Lubans et al., 2011). From a theoretical perspective, Shephard (2008) argued that because the 

energy expenditure of cycling is greater than that of walking, utilitarian cycling may have a 

greater impact on cardiovascular fitness, especially in children and youth for whom walking may 

not elicit a sufficient PA intensity to increase cardiovascular fitness. In Lubans and colleagues’ 

(2011) review, four of the five included studies found that AST – especially cycling – was 

associated with greater cardiovascular fitness. The study that found no relationship (e.g. Madsen 

et al., 2009) was the only one that did not differentiate walkers and cyclists in statistical analyses. 
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These findings are supportive of Shephard’s rationale, emphasizing that researchers should 

examine the effect of walking and cycling separately provided that their sample size is sufficient 

to do so. 

 

1.5 The mode share of active transportation.  

Despite these potential health benefits, the 2013 Active Healthy Kids Canada Report 

Card on Physical Activity in Children and Youth (Active Healthy Kids Canada 2013) shows that 

many studies have found that only 25 to 35% of Canadian children and youth regularly engage in 

AST. The Report Card also highlights large regional disparities. Indeed, fewer children engage in 

AST in rural areas, in the Atlantic provinces and in Québec, whereas AST is more common in 

urban areas and in the Western provinces and territories.  

The proportion of children and youth using AST (typically refered to as the mode share 

of AST) has decreased markedly in the last few decades in several countries (Buliung et al., 

2009; Costa et al. 2012; Cui et al., 2011; Grize et al., 2010; Lewis et al., 2008; McDonald et al., 

2011; Trang et al., 2012; van der Ploeg et al., 2008). For example, in the Greater Toronto Area, 

findings from the Transportation Tomorrow Survey indicated significant decreases in the mode 

share of AST among youth aged 11-13 years (from 53.0% to 42.5%) and 14-15 years (from 

38.6% to 30.7%) between 1986 and 2006 (Buliung et al., 2009). Similarly, in Montréal, the 

percentage of primary school children walking to school declined from 40.5% to 34.2% between 

1998 and 2003 (Lewis et al., 2008). In the United States, the mode share of AST decreased from 

47.7% to 12.7% between 1969 and 2009 (McDonald et al., 2011).  

These trends mirror the large decreases in children’s independent mobility – that is the 

degree of freedom of children and youth to move around in public spaces without adult 
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supervision – that occured concurently (Fyhri et al., 2011; Hillman et al., 1990). For example, 

Hillman and colleagues (1990) reported that in 1971, 80% of British 7-8 years olds were allowed 

to go to school without adult supervision, but this proportion decreased to only 9% by 1990. This 

decline is worrying given that independent mobility can contribute to children’s cognitive 

development by improving their way-finding skills and help them develop a more positive 

relationship with their environment (Paccili et al., 2013; Rissotto & Tonucci, 2002). 

Switching from an active travel mode to an inactive one could be an important 

contributor to the well-documented decline in PA levels from childhood to adolescence (Dumith 

et al., 2011; Sallis et al., 2000). For example, a meta-analysis of 26 tracking studies found a 7% 

annual decline in PA during late “pre-teen” years and adolescence (Dumith et al., 2011). A 

similar decline was observed in a prospective study of adolescents in Montréal (Bélanger et al., 

2009a,b). From another perspective, researchers have argued that major life events which are 

often associated with steep declines in PA (e.g. the transition from primary to secondary school, 

entry into the labour market, parenthood, etc.) may represent key periods for the promotion of 

PA (Allender et al., 2008; Engberg et al., 2012; Larouche et al., 2012).  

To date, only one study has prospectively examined changes in AST across the transition 

from primary to secondary school (Cooper et al., 2012). These authors reported that fewer 

British children walked to/from school in secondary school, but walkers traveled greater 

distances in secondary school. They also reported increases in MVPA in children who started to 

walk to school in secondary school and in those who walked at both time points. Conversely, 

they noted a 15.5% decrease in MVPA in children who switched from walking to car/bus riding. 

 

1.6 Correlates of active school transportion.  
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Researchers have examined a wide range of factors as potential correlates of AST 

including personal characteristics (i.e. enjoyment of walking or cycling), the social environment 

(i.e. parent and peer attitudes toward active transportation), public policies and institutional 

practices (i.e. school policies, municipal bylaws), the built environment (i.e. availability and 

condition of sidewalks and bicycle paths) and the physical environment (i.e. weather). 

Theoretical models that seek to predict children and youth’s travel patterns are typically based on 

social-ecological theory (Panter et al., 2008; Pont et al., 2011). It is worth noting that one 

important feature of ecological models is that they posit interactions between these levels of 

influence (Sallis et al., 2006, 2012). In addition, several correlates have both an objective and a 

subjective component (Panter et al., 2008); for example long objectively-measured distance 

between home and school and the perception that the school is too far can both be associated 

with a reduced likelihood of engaging in AST. The following paragraphs provide a brief 

overview of the correlates of AST that have been examined in previous research within an 

ecological perspective. It is noteworthy that some variables could be viewed within different 

levels of influence because they are interrelated (Bronfenbrenner, 1979; for example, parental 

road safety concerns could be viewed from both the social environment and the built 

environment point of view). In this dissertation, individual’s perceptions are discussed within the 

same level of influence as the corresponding objectively-measured characteristics (e.g. parental 

road safety concerns are discussed in the built environment section). 

  

1.6.1 Personal characteristics. North American research has generally shown that a 

higher proportion of boys engage in AST (Evenson et al., 2003; Fulton et al., 2005; Gropp et al., 

2012; McMillan et al., 2006). However, McDonald (2012) examined gender differences in AST 
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in six waves of the US National Household Travel Survey, and she found that the magnitude of 

these differences varied with travel modes. While the proportion of boys walking to/from school 

was only slightly higher, cycling to/from school was generally 2-3 times more prevalent in boys.  

In North America, studies have consistently reported lower mode shares of AST in 

secondary school students than in primary school students (Buliung et al., 2009; Evenson et al., 

2003; Fulton et al., 2005; Pabayo et al., 2008, 2011). Using prospective data from the Canadian 

National Longitudinal Survey of Children and Youth, Pabayo and colleagues (2011) reported 

that the mode share of AST increased with age up to 10 years old and decreased afterwards. 

Interestingly, data from the 2009 Ontario Student Drug Use and Health Survey indicated that 

adolescents who had some input to the travel mode decision making process were more likely to 

walk to/from school (Wong et al., 2011a). Differences in rates of AST between ethnic groups 

have also been reported in the United States (Evenson et al., 2003; Fulton et al., 2005; Martin et 

al., 2007).  

Cognitive variables such as attitudes, intentions and habits have been shown to predict 

adults’ travel behaviours (Gardner & Abraham, 2008; Lemieux & Godin, 2009), but limited 

research has been done in children and youth. A Scottish study explored the associations of the 

constructs from Ajzen’s (1991) theory of planned behaviour with children’s school travel 

(Murtagh et al., 2012). They found that intention and perceived behavioural control explained 

10% of the variance in the number of steps accumulated during the trip to school, and adding a 

measure of habit strength to the model increased the proportion of explained variance to 16%. 

Orsini and O’Brien (2006) interviewed 6 adolescents who were old enough to drive but still 

chose to cycle to school inquiring about the underlying influences and motivators. The majority 

of participants mentioned that they cycled because it’s fun, it’s faster than alternatives and it’s 
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good for fitness and health. Other studies have reported that children’s preference for walking or 

cycling was a strong correlate of AST (Lee et al., 2013; Trapp et al., 2011). 

 

1.6.2 Social environment. Parents are thought to be the principal decision-maker with 

respect to their child’s travel mode (McMillan, 2005), although children may play a more 

important role in the decision-making process as they acquire independent mobility (Panter et al., 

2008; Pont et al., 2011). In primary school children, independent mobility has been shown to be 

positively associated with active transportation and PA levels (Mackett et al., 2007; Page et al., 

2009), and at a given age, boys generally have greater independent mobility than girls (Prezza et 

al., 2001; Valentine, 1997).  

North American studies have also found that children living in low SES families are more 

likely to engage in AST (Evenson et al., 2003; Gropp et al., 2012; McDonald, 2008; Pabayo et 

al., 2008, 2011). Similarly, the likelihood that children engage in AST tends to decrease with 

increasing parental car ownership (DiGuiseppi et al., 1998; Gropp et al., 2012; Roberts et al., 

1997). Social norms (Lee et al., 2013; McMillan et al., 2007) and social support from friends 

have also been shown to be associated with AST (Hohepa et al., 2007; Hume et al., 2009; Panter 

et al., 2010a; Timperio et al., 2006). Adolescents who cycled to/from school mentioned the 

positive influence of parental role modeling (Orsini & O’Brien, 2006). However, the influence of 

having siblings on the likelihood of AST is mixed (Ahlport et al., 2008; McMillan, 2007).  

Interestingly, while concerns about their child’s personal safety (i.e. stranger danger and 

bullying) are commonly mentioned by parents (Martin & Carlson, 2005; Timperio et al. 2004), 

the evidence supporting an association between personal safety concerns and AST is conflicting 

(Panter et al., 2008). Of note, Timperio et al. (2004) hypothesized that the lack of association 
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may have resulted from the high prevalence of parental concerns in both active and inactive 

travelers in their sample. 

Based on semi-structured interviews with 37 parents in the Greater Toronto Area, 

Faulkner and colleagues (2010) concluded that parental travel mode decisions are essentially 

based on two key questions: 1) does the child need to be escorted to/from school?; and 2) what is 

the easiest and most convenient way to travel? Over time, these decisions became a routine, 

again reflecting the habitual nature of school travel patterns. Quantitative studies have also 

shown that perceived convenience of driving is a key reason why parents drive their child to 

school even though they live within walkable distances (Lee et al., 2013; McDonald & Aalborg, 

2009; McMillan, 2007; Panter et al., 2010a; Trapp et al., 2011).  

Theoretically, parents could also influence their children’s school travel by deciding to 

live in a neighbourhood that is more or less suitable for AST. For example, parents who value 

walking and/or PA in general may decide to live in a “walkable” neighbourhood. This might be 

important because earlier studies have shown that adults who prefer walking and cycling are 

more likely to choose to live in walkable areas (Frank et al., 2007; Handy et al., 2006). To date, 

only two cross-sectional studies have explored this issue, and they reported that parents of 

children who walked to/from school unescorted were more likely to report that they chose to live 

in their current neighbourhood so that their children could walk to school (Lee et al., 2013; 

Mammen et al., 2012). 

 

1.6.3 Public policies and institutional practices. Policies may also have an impact on 

children’s travel patterns. For example, in the United States, the mode share of AST is higher in 

states that require the presence of crossing guards and lower speed limits around schools; 
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moreover, walking school bus schemes are more likely to be implemented in school districts that 

have strong Safe Routes to School policies (Chriqui, 2012; Turner et al., in press). In contrast, 

two US studies indicated that school policies that limited AST were an important barrier 

perceived by parents (Ahlport et al., 2008; Martin & Carlson, 2005). In London (UK), road 

casualties among children were halved after the introduction of 20 mph (32 km/h) speed limits 

(Grundy et al., 2009). Implementation of a Safe Routes to School intervention in New York City 

schools has led to a similar decrease in pedestrian injuries while no changes were observed in the 

control schools (DiMaggio & Li, 2013). Such improvements in road safety could encourage 

parents to allow their child to engage in AST. Indeed, McMillan (2007) reported that speed 

limits > 30 mph (48 km/h) were associated with a significantly lower likelihood of AST.  

At the community level, the presence of “eyes on the street” (Jacobs, 1961) and greater 

social interactions may favour AST, but the evidence remains inconclusive. McMillan (2007) 

observed that the amount of windows facing the street was positively associated with AST in 

multivariate models. Another US study indicated that neighbourhood social cohesion was a 

facilitator of AST, especially for children living less than 1.6 km away from school (McDonald, 

2007a). However, other studies have noted that AST was more common in areas not considered 

“excellent” to raise a child (Pabayo et al., 2011, 2012a) and in neighbourhoods with high levels 

of incivilities (Rossen et al., 2011). It is possible that limited travel options are available in low 

income communities, leading children to walk despite a less favourable context. 

A systematic review of 14 intervention studies on AST was recently published (Chillón et 

al., 2011). These interventions were mostly implemented at the school level in the US, UK and 

Australia. Ten of these studies reported an increase in active transportation and/or PA, but the 

magnitude of the observed changes was very heterogeneous and the study quality was rated as 
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“weak”. Since the publication of this review, an evaluation of school travel plans implemented in 

33 elementary schools in New Zealand was published, reporting a 5.9% average increase in AST 

(Hinckson et al., 2011). The increase was greater in smaller schools, those in which the 

proportion of children using AST before the implementation of the school travel plan was higher, 

and those where the plan had been implemented for a longer period of time. Similarly, a pilot 

evaluation of the Active and Safe Routes to School program in four Canadian provinces has 

shown a 2.1% increase in the mode share of active transportation (Buliung et al., 2011). 

 

1.6.4 Built environment. A recent systematic review of studies that measured 

environmental correlates of AST with geographic information systems has shown that distance 

between home and school was the only consistent correlate (Wong et al., 2011b). The perception 

that the school is too far is also consistently associated with lower odds of AST (Lee et al., 2013; 

Martin & Carlson, 2005; Nelson et al., 2008; Stewart et al., 2011, 2012). Because secondary 

schools generally have much larger catchment areas (Environmental Protection Agency, 2003), 

distance may be a key reason why North American studies have repeatedly shown a lower mode 

share of AST in secondary school students.  

Wong et al. (2011) found conflicting evidence regarding the association between features 

such as density, land-use mix and street connectivity which are strong correlates of active 

transportation in adults (Cervero & Kockelman, 1997; Saelens & Handy, 2008). Nevertheless, 

McDonald (2008) observed that the direct influence of density on AST was very small, but that 

density was strongly correlated with distance which, in turn, was highly correlated with AST. 

She suggested that in denser areas, it may be more feasible to have a viable school population 

living within a short distance. In addition, Giles-Corti et al. (2009) argued that the relative 
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influence of the built environment on children’s AST and PA levels is likely greater in 

adolescents than in children because the former generally have greater independent mobility.  

Further, many studies have consistently found higher rates of AST in urban areas (Mitra 

et al., 2010; Pabayo et al., 2008, 2011; Panter et al., 2010a); moreover, a study in Halifax (Nova 

Scotia) found that the contribution of active travel to daily MVPA was greater in adolescents 

living in urban and suburban areas compared to rural areas (Rainham et al., 2012). However, 

within Canadian census metropolitan areas, Seliske et al. (2012) observed that adolescents aged 

12-15 years were more likely to accumulate at least 30 minutes of active transportation per day 

in areas with larger urban sprawl, while no differences were observed among older adolescents. 

Whether this difference was attributable to schools being located further away in more sprawling 

areas was not assessed.  

Parental road safety concerns are generally associated with a higher likelihood of inactive 

travel (Carver et al., 2008; Kerr et al., 2006; Lee et al., 2013; Panter et al., 2010a; Voorhees et 

al., 2010), although some studies have found no relationships (Carson et al., 2010; Timperio et 

al., 2004). In contrast, the presence of sidewalks and cycle paths has been shown to be a 

facilitator of AST in several studies (Boarnet et al., 2005; Fulton et al., 2005; Kerr et al., 2006), 

although other studies found no association (Evenson et al., 2006; Mota et al., 2007). Still, 

Evenson et al. (2006) noted that girls who reported that there are bicycle/walking trails in their 

neighbourhood were more likely to walk or cycle to school. 

 

1.6.5 Physical environment. Although bad weather conditions are often reported as a 

barrier to AST (Ahlport et al., 2008; Dellinger & Staunton, 2002; Martin & Carlson, 2005), few 

studies have evaluated the association between objectively-measured weather conditions and 
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children and youth’s travel mode. Gropp et al. (2012) examined different climate-related 

variables in a very large sample of Canadians who participated in the 2009-2010 Health 

Behavior in School-Aged Children survey (N = 3,997) and found no association at the p<0.05 

threshold.  

With respect to seasonal variations, a study in the Greater Toronto Area found no 

evidence of changes in the proportion of children walking to/from school. Moreover, weakly 

weather conditions had little impact on mode choice (Mitra & Faulkner, 2012). The authors 

argued that, at most, extreme weather event (i.e. snow storms) could trigger short term changes 

from walking to motorized travel. However, there were too few cyclists to assess whether there 

were seasonal variations in cycling. A Norwegian study did report a large decrease in cycling 

during the winter, but most cyclists switched to walking (Børrestad et al., 2011). 

Few studies have assessed relationships between topography and AST. Timperio et al. 

(2006) reported that the presence of a steep incline on the route to/from school was associated 

with a lower likelihood of AST in children aged 5-6 years, but not in 10-12 year old youth. A 

qualitative study suggested that hills were an important barrier for cycling; children reported that 

hills “test their biking skills” (Ahlport et al., 2008).  

 

1.7 Knowledge gaps.  

In their systematic review, Faulkner and colleagues (2009) noted that the measurement of 

AST has been inconsistent across studies. Moreover, all included studies have used categorical 

measures of AST (i.e. active vs. inactive travel) that ignore differences between individuals in 

distance traveled (or duration of school trips). Two recent studies have shown that distance 

between home and school can moderate the relationship between AST and PA levels (Panter et 
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al., 2011; van Sluijs et al., 2009). Thus, improvement in the measurement of AST is needed for 

future studies to assess the relationships between AST and health-related outcomes more 

accurately and to enable the assessment of potential dose-response associations.  

In addition, there remains several research gaps with respect to the associations of AST 

with PA levels and health-related outcomes. First, previous systematic reviews identified no 

intervention studies that met their inclusion criteria. Because findings from a few interventions 

studies have recently been published (i.e. Heelan et al., 2009; Mendoza et al., 2011), there is a 

need to update earlier systematic reviews. Second, a rigorous assessment of the quality of 

existing evidence remains to be done. Of the three previous systematic reviews (Faulkner et al., 

2009; Lee et al., 2008; Lubans et al., 2011), only the latter assessed study quality in a systematic 

way; this is an important limitation because it places cross-sectional studies on the same level as 

more rigorous study designs (i.e. controlled trials and prospective studies). Third, although the 

majority of studies using objective measures of PA have shown that active travelers were more 

active (Faulkner et al., 2009), previous reviews have not explored whether studies using 

subjective measures (i.e. questionnaires and diaries) have shown a similar association. Fourth, 

because the majority of studies that examined the relationship between active transportation and 

PA levels have focussed solely on the trip to/from school (Panter et al., 2008), the overall 

contribution of active transportation has likely been underestimated. Fifth, most studies have 

used cross-sectional designs which cannot determine the direction of observed relationships; 

hence, it is unclear whether being an active child leads to the decision of walking or cycling 

to/from school or if AST leads children to become more active (Faulkner et al., 2009). Some 

researchers have observed that the differences in PA between groups were present only during 
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weekdays (Cooper et al., 2003, 2005; Sirard et al., 2005), providing preliminary evidence 

suggesting that AST may lead children to be more active, but more robust evidence is needed. 

Important research gaps also remain with respect to the study of correlates of AST. First, 

the limitation of cross-sectional designs also applies to the study of correlates of AST. Therefore, 

the extent to which such correlates vary over time remains unknown (Panter et al., 2008; Pont et 

al., 2011). In particular, there is a clear need to examine differences in the correlates of AST 

before and after the school transition given that North American studies have consistently 

reported lower mode shares of AST in adolescents compared to children (Buliung et al., 2009; 

Evenson et al., 2003; Fulton et al., 2005; Pabayo et al., 2008, 2011). Second, although children 

may have some input into travel mode decisions, research assessing the concordance between 

child- and parent-perceived barriers to AST is scarce (Napier et al., 2011). Third, limited 

research has examined whether parental neighbourhood selection factors – that is, reasons why 

parents chose to live in their neighbourhood – can influence their children’s school travel 

patterns. Fourth, few studies have assessed the relationship between composite measures of 

neighbourhood walkability (e.g. the ability to walk to various destinations within the 

neighbourhood) and AST and their findings are inconclusive (Wong et al., 2011).  

 

1.8 Objectives and research questions.  

Based on this literature review, the present dissertation focussed on two overarching 

objectives: 1) to measure the relationships of AST with PA and health-related outcomes; 2) to 

examine the correlates of AST immediately before and after the transition from primary to 

secondary school (hereafter referred to as the “school transition”). The conceptual framework in 

Figure 1 illustrates the integration of the overarching objectives. In this regard, a large range of 
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potential correlates of AST from different levels of influence were examined; hence the 

illustration of a simplified ecological model. As postulated by other researchers (e.g. Panter et 

al., 2008; Pont et al., 2011), travel mode decisions are primarily taken based on the parents’ 

perception of the correlates of AST, but children may acquire a greater influence in the decision-

making process as they get older. In turn, travel patterns may have direct and indirect influences 

on PA and health-related outcomes. 

The current dissertation consists of six studies and Table 1 illustrates how they relate to 

the two overarching objectives, and briefly summarizes the research questions examined and the 

methodology employed. Study 1 is a systematic review which aimed to: 1) update current 

knowledge on the association between AST and daily PA level; 2) examine the associations of 

AST with indicators of body composition and cardiovascular fitness in children and youth (e.g. 

5-18 years old); and 3) systematically assess the quality of evidence with respect to the 

relationships of AST with daily PA, body composition, and cardiovascular fitness.  

The objective of study 2 was to assess the relationships of AST with pedometer-

determined PA, BMI and waist circumference using data from grades 4 to 6 children who 

participated in cycle 2 of the Canadian Assessment of Physical Literacy study in 2009-2010. It is 

worth noting that only a small number of studies had previously assessed the association between 

AST and waist circumference.  

Study 3 aimed to assess the relationships of active transportation for a broad range of 

destinations with objective measures of PA, body composition, physical fitness and CVD risk 

factors in a large sample of 12- to 19-years-old adolescents who participated in the nationally-

representative 2007-2009 Canadian Health Measures Survey. Participants were asked to indicate 
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the amount of time they spent walking and cycling for utilitarian purposes (e.g. to/from school, 

work and while doing errands) in a typical week during the past 3 months. 

Studies 4, 5 and 6 present different aspects of a prospective pilot-study2 that focussed on 

the transition from primary to secondary school. The survey instruments are provided in 

Appendices 6-9. Specifically, manuscript 4 aimed to measure the changes in AST and 

pedometry-measured PA levels across the school transition. This study also aimed to evaluate the 

test-retest reliability of a novel method to calculate the volume of AST3 by combining the 

frequency of active trips to/from school and the distance between participant’s residence and the 

school that they attend.  

Manuscript 5 had two key objectives: 1) to evaluate the concordance of child- and parent-

perceived barriers to AST; 2) to assess how perceived barriers to AST, parental neighbourhood 

selection factors and different measures of household SES are associated with individuals’ 

primary travel mode. These analyses were performed both before and after the school transition.  

Finally, the objective of manuscript 6 was to examine the association of neighbourhood 

walkability with AST and pedometer-determined PA levels at both time points. The Walk Score® 

application (www.walkscore.com) was used as a measure of walkability given that previous 

research has found strong correlations between Walk Scores and objective measures of the built 

environment such as residential density, intersection density, street density, average block length 

and access to public transit (Carr et al., 2010). Walkability was assessed both around the home 

and around the schools and analyses were performed at both time points. 

                                                 
2 Given the large amount of study objectives (see Table 1), the findings are reported in three distinct manuscripts. 
3 The volume of AST was calculated with the following equation: volume = ln (1 + frequency X distance) with the 
constant (1) added to ensure that no volume was below 0. Distance between home and school was skewed, hence the 
log-transformation. 
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1.9 Organization of the thesis.  

The first four studies (Chapters 2 to 5) focussed on overarching objective 1 while the last 

two studies (Chapters 6 to 7) focussed on overarching objective 2. The general discussion is also 

organized according to these major objectives. Hence, the findings of Chapters 2 to 5 (which 

focussed predominantly on the associations between active transportation and health-related 

outcomes) are discussed first. Then the findings of Chapters 6 and 7 which examined correlates 

of AST are discussed. Then, the limitations and strengths of the studies are critically evaluated. 

Finally, the implications of the six studies for future research and interventions are discussed. 
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Abstract: 

 

Background: Active transportation (AT; e.g. the use of non-motorized travel modes like 

walking and cycling) is increasingly promoted as a way to increase physical activity (PA) levels 

in youth. To date, most of the research has focused solely on the trip to/from school, and 

associations of AT with cardiovascular risk factors have seldom been examined in adolescents.  

 

Purpose: The present study aimed to address these important research gaps using data from the 

nationally-representative 2007-2009 Canadian Health Measures Survey. 

 

Methods: Participants (N=1,016 adolescents aged 12-19 years) reported the weekly time they 

spent walking and cycling for utilitarian purposes, and were instructed to wear an Actical 

accelerometer on the right hip for 7 consecutive days. They underwent a series of physical tests 

(including measures of fitness, body composition and blood pressure) following standardized 

protocols. Blood samples were drawn by a phlebotomist. In 2013, differences in PA and health-

related outcomes across levels of walking and cycling were assessed with ANCOVA analyses 

adjusted for age, gender and parental education level. 

 

Results: Both reported walking and cycling were significantly associated with daily minutes of 

moderate-to-vigorous PA, but not with light PA or sedentary behavior. Adolescents who engaged 

in utilitarian cycling had significantly lower cholesterol levels and a lower total cholesterol/HDL 

ratio. No differences were found for the other outcomes. 
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Conclusion: Active travel is associated with higher daily PA levels. Further efforts to design, 

implement and evaluate interventions to promote AT in youth are warranted. Cycling may be 

associated with greater health benefits than walking in youth. 
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Introduction 

 

Physical activity (PA) guidelines recommend that children and youth engage in at least 60 

minutes of daily moderate- to vigorous-intensity physical activity (MVPA).1,2 However, 

compliance with this guideline is very low according to recent population-based studies.3-6 For 

example, accelerometry data from the 2007-2009 Canadian Health Measures Survey (CHMS) 

indicated that only 7% of Canadian children and youth met the PA guidelines, and this 

proportion was lower among adolescents.4  

 

Insufficient PA among children and youth is linked to many deleterious health outcomes 

including poorer aerobic fitness7 and mental health8, lower glucose tolerance and higher fasting 

insulin levels9, and even cardiovascular disease (CVD) risk factors.10,11 It has also been found 

that CVD risk factors tend to track from adolescence to adulthood.12 As a strategy to address this 

major public health issue, health authorities are increasingly promoting active transportation 

(AT), that is the use of non-motorized travel modes such as walking and cycling to travel to and 

from various destinations including schools, workplaces, parks and shops.13,14  

 

Among children and youth, current evidence suggests that AT is associated with higher overall 

PA levels and that individuals who cycle to/from school have greater aerobic fitness than those 

using motorized travel modes.15,16 However, several knowledge gaps remain to be addressed. 

First, most AT studies have focused solely on the trip to/from school, thereby ignoring active 

trips to other destinations. Consequently, it is unclear how much AT in general contributes to 

overall PA levels. Second, due to small sample sizes and/or low numbers of cyclists, several 
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researchers have combined AT modes in their analyses, despite differences in PA intensity 

between walking and cycling.17 Third, only three studies have evaluated the relationship between 

AT and CVD risk factors, and their findings have been inconsistent.18-20  

 

Thus, the present study aimed to address these important limitations using data from adolescents 

who participated in the nationally-representative 2007-2009 CHMS. Specifically, differences in 

accelerometry-measured PA, indicators of body composition, physical fitness and CVD risk 

factors across levels of walking and cycling were investigated.  

 

Methods 

  

Participants. The 2007-09 CHMS collected nationally-representative data from 5,604 

Canadians aged 6-79 years living in private households at the time of the survey.21-24 

Approximately 96% of Canadians are represented; residents of Reserves, Crown lands, 

institutions, some remote regions and full-time Canadian Forces employees are excluded. Data 

were collected from March 2007 to February 2009 in 15 sites across Canada. Ethical approval 

was obtained from Health Canada’s Research Ethics Board.22 The survey included a home 

interview and a visit to a mobile examination center for a series of physical measurements.21 

Written informed consent was obtained from participants aged 14 and older. For younger 

children, a parent (or guardian) provided written consent in addition to written assent from the 

child.  
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Of the selected households, 69.6% agreed to participate. Among the recruited households, 88.5% 

of 6-19 years olds completed the questionnaire from whom 86.9% participated in the mobile 

examination center component. Hence, the overall response rate was 53.5%. For the present 

analyses, data from 12-19 years old adolescents were used (N=1,016, 48.8% female). Younger 

children were not questioned on their AT.  

 

Procedures. A detailed description of data collection procedures, screening guidelines and 

eligibility criteria for the different measurements is provided in the CHMS Data User’s Guide 

which is available online.25 AT was assessed with 2 items (one for walking and one for cycling), 

as follows: “in a typical week in the past 3 months, how many hours did you usually spend 

walking [or bicycling] to work or to school or while doing errands?” Response options were: 1) 

none; 2) < 1 hour; 3) 1 to 5 hours; 4) 6 to 10 hours; 5) 11 to 20 hours; 6) ≥ 20 hours. For the 

present analyses, 3 categories were used for walking (< 1 hour, 1 to 5 hours, > 5 hours) and 

cycling (none, < 1 hour, ≥ 1 hours) based on the observed frequency distributions. 

 

After completion of the mobile examination centre visit, participants were instructed to wear an 

Actical accelerometer over their right hip on an elasticized belt during waking hours for 7 

consecutive days, except during water-based activities (e.g. bathing and swimming). This 

accelerometer has been validated for measuring PA in children and youth.26-27 Data were 

collected in 60-second epochs. The protocols used to assess body composition and physical 

fitness were taken from the Canadian Physical Activity, Fitness and Lifestyle Approach28 and 

described in more details elsewhere.29 These tests were conducted by trained specialists with 

certification from the Canadian Society for Exercise Physiology.29 Cardiovascular fitness 
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(VO2max) was estimated with the modified Canadian Aerobic Fitness Test (mCAFT). Grip 

strength was assessed with a dynamometer and trunk flexibility was assessed with the sit-and-

reach test. BMI (kg/m2) was computed from height and weight measured to the nearest 0.1 cm 

and 0.1 kg respectively. Waist circumference was measured at the end of a normal expiration to 

the nearest 0.1 cm at the mid-point between the last rib and the top of the iliac crest.  

 

Blood pressure was measured with an automated monitor.30 Six measurements were taken at 1-

min intervals and average systolic and diastolic blood pressure was calculated from the last 5 

measurements. In the CHMS, fasted blood samples were only obtained from participants who 

visited the mobile examination centre in the morning. Therefore, non-fasted blood markers were 

used in the present analyses (HDL cholesterol, total cholesterol, total cholesterol/HDL ratio, 

blood glucose and glycohemoglobin [Hba1c]). Blood samples were taken by a certified 

phlebotomist and analyzed at the Health Canada Laboratory following standardized protocols.25 

 

Data treatment. Accelerometry data were treated as detailed by Colley et al.4,31 Briefly, a valid 

day was defined as ≥ 10 hours of wear time, and participants with ≥ 4 valid days were included 

in the accelerometry subsample (n=729). Daily wear time was obtained by subtracting non-wear 

time (defined as periods of ≥ 60 minutes of consecutive zero counts) from 24 hours. The cut-

points used for determining PA intensity were: < 100 counts/min = sedentary behavior; 100-1499 

counts/min = light PA; ≥ 1500-6499 counts/min = moderate PA; ≥ 6500 counts/min = vigorous 

PA.  The majority of participants did not engage in any vigorous PA. Hence, moderate and 

vigorous PA were combined as MVPA and log-transformed given the skewness of the 

distribution. The z-scores for waist circumference, systolic blood pressure, HDL cholesterol 
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(reverse coded), total cholesterol and blood glucose were added to obtain a clustered 

cardiovascular risk score following an approach similar to that of Ekelund et al.32 

  

Statistical analyses. Analyses were performed in 2013 with Stata version 12 using survey 

weights, and alpha was set at .05. To account for the complex survey design of the CHMS, 95% 

confidence intervals were estimated using the bootstrap technique.25,33,34 Chi-squared analyses 

assessed differences in levels of walking and cycling between genders, age groups (dichotomized 

as ≤ 15 years vs. ≥ 16 years) and levels of parental education (categorized as university, college, 

and less than college). These variables have previously been found to be important correlates of 

AT and/or PA.35-38 Gender differences in outcome variables were evaluated with t-tests (or chi-

square tests when appropriate). A series of analyses were used to assess the association of 

utilitarian walking and cycling with measures of PA, body composition, physical fitness and 

CVD risk factors. First, univariate associations were examined with one-way ANOVAs (model 

1). Second, a series of ANCOVAs adjusted for participant’s age (entered as a continuous 

variable), gender and the highest parental education level were run (model 2). Separate models 

were done for walking and cycling using the generalized linear model procedure. Within each 

series of models, Holm’s method was used to adjust the p values for multiple comparisons.39 

 

Results 

  

Descriptive characteristics of the sample and gender differences are shown in Table 1. Of note, 

about half of the participants reported walking between 1 and 5 hours per week and an additional 

22% reported walking for more than 5 hours per week. In contrast, 80.7% of participants 
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reported no cycling at all during the last 3 months, with the remainder rather evenly distributed 

within the under 1 hour and over 1 hour categories.  

 

Table 2 and 3 illustrate the associations of demographic variables with levels of walking and 

cycling respectively. Levels of walking did not differ according to gender but large differences 

were found for cycling (F=15.41; p<0.001). In addition, about twice as many 16-19 years old 

adolescents engaged in at least 5 hours of utilitarian walking per week compared to their 12-15 

years old counterparts (F=9.94; p=0.001). However, older adolescents were less likely to cycle 

(F=4.24; p=0.028). Parental education was not associated with levels of walking or cycling. 

 

Associations of levels of walking with PA and health-related outcomes are shown in Table 4. In 

univariate models, a significant association was found between utilitarian walking and higher 

waist circumferences (t=2.45; p=0.032); this difference was no longer significant in the adjusted 

models. Similar trends were noted for the other body composition indicators, but the differences 

were not statistically significant. In the adjusted models, time spent walking was associated with 

MVPA (t=3.19; p=0.009), but no dose-response gradient was evident. No differences were found 

for other outcomes. 

 

Table 5 shows the associations of levels of cycling with PA and health-related outcomes. In 

univariate models, adolescents who reported more utilitarian cycling had significantly higher 

cardiovascular fitness (t=8.08, p<0.001), daily MVPA (t=4.29; p=0.001), and had lower total 

cholesterol (t=-3.58; p=0.004). In adjusted models, the observed differences in MVPA (t=3.29; 

p=0.007) and total cholesterol (t=-3.29; p=0.007) remained significant and cycling was also 
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associated with lower cholesterol/HDL ratios (t=-3.13; p=0.010). The association with 

cardiovascular fitness was no longer significant after adjusting for gender.  

 

Discussion 

  

The present study is the first to examine the associations of AT (not restricted to the trip to/from 

school) with measures of PA, physical fitness, body composition and CVD risk factors in a 

nationally-representative sample of adolescents. Interestingly, the proportion of 16-19 years old 

adolescents reporting walking at least 5 hours per week was twice as high as that of younger 

adolescents. This finding differs from previous North American investigations focusing only on 

AT to/from school, which have generally found that older adolescents were less likely to walk or 

cycle,36,40,41 suggesting that older adolescents may do more AT trips to non-school destinations. 

 

Consistent with literature reviews of AT to/from school15,42, both walking and cycling were 

significantly associated with accelerometry-measured MVPA in the adjusted models. However, 

no associations between AT and sedentary behavior were observed. This may be attributable to 

the very large amount of sedentary time in Canadian children and youth (~62% of waking 

hours)4. Relationships between AT and health-related outcomes differed according to travel 

mode and are therefore discussed separately.  

  

Associations between utilitarian walking and health-related outcomes. Despite the observed 

difference in MVPA, there were no significant associations between reported walking and 

health-related outcomes in the adjusted models. There is currently mixed evidence regarding the 
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association of walking to/from school with cardiovascular fitness and indicators of body 

composition.15,16 To date, three other studies have assessed relationships between walking 

to/from school and CVD risk factors in smaller samples.18-20 A cross-sectional study noted that 

Portuguese children who walked to/from school were less likely to have a waist circumference 

greater than the 90th percentile and HDL-cholesterol below 40 mg/dl.20 In contrast, two 

prospective studies reported no significant differences in health-related outcomes between 

children who walked to school and those who were driven.18,19 

 

Shephard17 has argued that in children and youth, the PA intensity of utilitarian walking may be 

insufficient to improve cardiovascular fitness and other health outcomes. While the available 

evidence provides some support for this hypothesis, the lack of associations may also reflect 

statistical confounding. Although the present analyses were adjusted for parental education, it 

was not possible to adjust for other socioeconomic characteristics such as household income 

(asked only to older participants in the CHMS) or car ownership (not assessed). North American 

studies have consistently found that walking to school is more common in children from lower 

SES households.36,41,43 Other studies have found significant associations between low SES and 

overweight/obesity in children and youth.44,45 

 

Associations between utilitarian cycling and health-related outcomes. Of particular interest, 

almost four times more boys than girls engaged in utilitarian cycling for at least one hour per 

week. Similarly, using data from six waves of the US National Household Travel Survey, 

McDonald35 found that cycling to school rates were 2-3 times higher in boys than girls. 

Transport surveys indicated that men do about 70-75% of cycling trips in countries such as 



 103 

Australia, Canada, the UK and the US.46 Interestingly, there are no gender differences in 

countries such as The Netherlands, Denmark and Germany where cycling infrastructure is more 

extensive and injury rates are markedly lower.46 

 

In univariate analyses, utilitarian cycling was associated with greater aerobic fitness, and the 

magnitude of this difference (~6-10%; Table 5) was similar to studies of cycling to/from 

school.15 However, this association was no longer significant after controlling for gender. 

Nevertheless, longitudinal studies have shown that switching from an inactive travel mode to 

cycling for the trip to/from school can lead to an increase in aerobic fitness.19,47 For example, 

Danish children who started cycling during a 6-year follow-up period achieved 9% greater 

aerobic fitness at 15 years of age than those who did not cycle at baseline and follow-up.47 

Moreover, in a 12-week intervention, youth who started cycling to/from school achieved a 7.9% 

mean increase in VO2peak.48 

 

In the present study, cyclists tended to have more favorable body composition indicators, but 

differences were not statistically significant. Systematic reviews have found mixed evidence for 

such associations.15-16 In addition, cycling was not associated with measures of trunk flexibility 

and grip strength. Only one other study has assessed the relationship between AT and other 

indicators of physical fitness in adolescents.49 Danish adolescents who cycled to school were 

more flexible and had greater abdominal endurance, and the authors hypothesized that this may 

be due to the use of road bikes. However, no differences were reported for measures of muscular 

strength.  
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Adolescents who engaged in utilitarian cycling had lower total cholesterol and total 

cholesterol/HDL ratio even after adjustment for age, gender and parental education, although no 

dose-response relationship was evident. These findings are somewhat consistent with those of 

the Danish arm of the European Youth Heart Study.18 Furthermore, Andersen and colleagues18 

observed that children who started to cycle during the 6-year follow-up period had a better lipid 

profile and a lower clustered CVD risk score compared to those who did not cycle at any time 

point. However, Chillón et al.19 reported no association between cycling to school and CVD risk 

factors (except cardiovascular fitness) in a sample of 262 adolescents among the original 907 

participants in the Swedish arm of the European Youth Heart Study.  

 

In comparison, prospective cohort studies of adults have found that AT to work is associated 

with reduced risks of CVD50-52 and all-cause mortality53,54. Recent studies have also found that 

habits are a strong determinant of travel modes among both children55 and adults56-57. Therefore, 

developing the habit to engage in AT during childhood and adolescence may be important even 

though health benefits may not be immediate. 

 

Limitations and strengths. The main limitation of this study is the cross-sectional design which 

makes it impossible to determine the direction of observed relationships. Second, despite 

adjustment for parental education, low SES may remain a confounder of the relationship between 

AT and health-related outcomes. Third, statistical adjustment was limited by the survey design 

allowing only 11 degrees of freedom. However, having a small number of degrees of freedom 

also makes the analyses more conservative.58 Fourth, analyses were not adjusted for MVPA 

because AT represents an important source of MVPA.15 For example, school journeys accounted 
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for about a third of daily MVPA in British secondary school children.59 To address this issue, 

future studies should consider using a combination of accelerometers and GPS to subtract the 

MVPA accumulated through AT from the total time spent in MVPA. Then, statistical analyses 

could control for “non-AT” MVPA. Fifth, fasted blood samples were only obtained from a 

subsample of participants; this limited the choice of blood markers to examine. Sixth, although 

hip-worn accelerometers are valid and reliable for measuring total PA in adolescents, they 

underestimate the intensity of activities such as cycling60, so differences in MVPA between 

categories of utilitarian cycling may be larger than reported here. Seventh, although the current 

study considered utilitarian trips to a broader range of destinations, active trips to the park or to 

visit family/friends were not specifically examined. Finally, because data were collected 

throughout the year, it is possible that adolescents who cycle during warmer months were 

categorized as non-cyclists because they did not cycle in the 3 months prior to the interview. 

While rates of cycling to school have been shown to decrease during the winter in Norway61, no 

seasonal variations in walking were found in the Greater Toronto Area.62 

 

The large nationally-representative sample of adolescents is an important strength of the study. A 

second strength is that all outcome variables were directly measured. This avoided social 

desirability and recall biases that are common when using self-reports of PA and body 

composition indicators.63,64 Third, walking and cycling were examined separately, as 

recommended previously.17 Fourth, data collection occurred throughout the year; minimizing the 

possibility that population estimates of PA are affected by seasonal variations.65 Fifth, this is the 

first study to assess the relationship between AT in general (e.g. not just to/from school) and 
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measures of CVD risk factors in adolescents. Finally, a large number of variables that may be 

influenced by adolescents’ travel patterns were examined. 

 

Conclusion 

 

Consistent with studies of AT to/from school15, the present study found that Canadian 

adolescents who reported more time engaging in AT accumulated larger amounts of objectively-

measured daily MVPA. Thus, future efforts to design, implement and evaluate interventions 

aiming to promote AT in children and youth are warranted. Furthermore, engagement in 

utilitarian cycling was associated with lower cholesterol levels and a lower total cholesterol/HDL 

ratio. 
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Table 2. Associations of levels of walking with gender, age group and parental education 

levels  

Variable < 1 hour 1-5 hours > 5 hours F p 

Gender    0.81 0.446 

Girls 25.5  

(19.1-33.1) 

50.1  

(44.1-56.2) 

24.4  

(17.8-23.5) 

  

Boys 28.6  

(22.3-35.8) 

51.8  

(44.6-58.9) 

19.7  

(14.2-26.7) 

  

Age Group    9.94 0.001 

12-15 years old 30.3  

(24.8-26.4) 

55.0  

(47.6-62.2) 

14.7  

(9.8-21.4) 

  

16-19 years old 23.8  

(18.2-30.6) 

46.9  

(41.3-52.7) 

29.2  

(23.2-36.1) 

  

Education    0.51 0.656 

Less than 

college 

25.0  

(18.9-32.2) 

54.8  

(44.7-64.4) 

20.2  

(13.5-29.2) 

  

College 29.2  

(21.1-39.0) 

48.8  

(40.5-57.3) 

21.9  

(16.8-28.1) 

  

University 29.7  

(20.9-40.3) 

49.3  

(38.4-60.2) 

21.0  

(15.3-28.4) 

  

Data are presented as proportions with 95% CI in parentheses. 
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Table 3. Associations of levels of cycling with gender, age group and parental education 

levels  

Variable No cycling < 1 hour > 1 hours F p 

Gender    15.41 <0.001 

Girls 87.7  

(82.4-91.6) 

8.2  

(4.9-13.3) 

4.1  

(2.5-6.8) 

  

Boys 74.0  

(68.8-78.6) 

10.4  

(8.4-13.0) 

15.6  

(11.3-20.9) 

  

Age Group    4.24 0.028 

12-15 years old 77.7  

(72.0-82.5) 

12.3  

(9.0-16.6) 

10.0  

(6.9-14.4) 

  

16-19 years old 83.7  

(79.7-87.1) 

6.4  

(4.0-10.1) 

9.9  

(7.1-13.0) 

  

Education    0.88 0.447 

Less than 

college 

78.6  

(73.5-83.0) 

10.8  

(6.8-16.7) 

10.6  

(7.3-15.1) 

  

College 82.3  

(74.4-88.2) 

6.7  

(3.6-11.9) 

11.0  

(6.9-17.2) 

  

University 79.7  

(75.3-83.5) 

10.3  

(7.2-14.4) 

10.0  

(7.1-13.9) 

  

Data are presented as proportions with 95% CI in parentheses. 
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Abstract 

Objectives: Active school transport (AST, e.g. the use of non-motorized travel modes such as 

walking and cycling to travel to/from school) is increasingly promoted as a source of physical 

activity (PA) in children and youth. This prospective pilot-study assessed the: 1) test-retest 

reliability of a novel measure of the volume of AST; 2) changes in AST and pedometer-

determined PA across the transition from primary to secondary school; and 3) associations 

between AST and PA at both time points.  

Methods: 55 grade 6 students were recruited from 4 primary schools in Ottawa (Canada) in 

May/June 2012. They were asked to complete a diary indicating their mode of transport to/from 

school for 1 week and wear a SC-StepMX pedometer for 8 consecutive days. 48 study packages 

were returned at baseline and 29 at follow-up (September/October 2012). For the test-retest 

assessment, a separate sample of 22 participants completed the diary during 2 consecutive 

weeks. 

Results: The weekly volume of AST (e.g. number of active trips X distance) showed high test-

retest reliability (ICC=0.87). There were significant decreases in the proportion of children 

categorized as active travelers (57% to 46%) and in step counts (16,578±3,758 to 14,071±3,680 

steps/day) across the school transition. However, in participants reporting at least 1 active trip at 

both time points (n=11), the volume of AST increased with a moderate effect size (d=0.52), but 

this change was not statistically significant. While no dose-response association between the 

volume of AST and PA was evident (probably due to limited statistical power), a gender-

adjusted ANOVA indicated that active travelers accumulated an additional 2,207 steps/day at 

follow-up.  
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Conclusion: These findings suggest that future research is needed to quantify changes in AST 

across the school transition and determine if AST can attenuate the commonly-observed decline 

in PA levels from childhood to adolescence. 

 

Keywords: active travel, physical activity, pedometers, longitudinal study, school transition 
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Introduction 

 In the last decade, there has been increased research on the use of modes of transport 

such as walking and cycling to travel to and from school (e.g. active school transport or AST) [1-

3]. A recent systematic review reported that AST was associated with greater physical activity 

(PA) levels and the quality of evidence was rated as moderate [4]. This review also found that 

children who cycled to/from school consistently had greater cardiovascular fitness. Prospective 

findings from the Danish arm of the European Youth Heart Study indicated that adolescents who 

cycled to/from school had lower cardiovascular disease risk factors at 15 years of age [5]. 

Furthermore, substituting motorized trips with active travel has several environmental co-

benefits including reduced greenhouse gases and particulate matter emissions and reduced traffic 

congestion [6,7]. 

 Despite these benefits, time trends studies have consistently shown decreases in the rates 

of AST in many countries including Australia [8], Canada [9], and the United States [10]. 

However, longitudinal studies that examined changes in AST from childhood to adolescence 

have reported mixed findings. Cooper and colleagues [11] observed that fewer British children 

walked to/from school in secondary school; however those who did so traveled greater distances. 

A Canadian study found that the proportion of children using AST increased with age up to 10 

years of age, and then decreased afterwards [12]. In contrast, an Australian study has shown that 

the number of weekly trips using AST increased between the ages of 12 and 14 [13] and a 

Belgian study found that the proportion of participants who cycled to school was significantly 

lower at 10 years of age compared to 11, 12, 13 and 16 years of age [14]. 

 In parallel, prospective studies have consistently reported decreases in PA levels from 

childhood to adolescence [15,16]. However, little is known about the potential of AST to prevent 
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or attenuate the decline in PA following the transition to secondary school. To our knowledge, 

only Cooper et al [11] have examined this question. They reported increases in moderate-to-

vigorous physical activity (MVPA) in British children who started to walk to school in secondary 

school and in those who walked at both time points. Conversely, they noted a 15.5% decrease in 

MVPA in children who switched from walking to car riding.  

 Although several studies have assessed the relationship between AST and PA levels, 

almost all of them have used categorical measures of AST (i.e. active vs. inactive travel) and the 

criteria used for categorizing individuals varied markedly across studies [4]. Another limitation 

of this approach is that distance traveled can moderate the relationship between AST and PA 

levels [17,18]. To our knowledge, no previous study has used a continuous measure of the 

volume of AST; which can be obtained by multiplying the number of active trips to/from school 

by the distance between individuals’ home and the school that they attend. 

 Therefore, this pilot study aimed to address these research gaps by 1) assessing the test-

retest reliability of a measure of the weekly volume of AST; 2) using this instrument to assess 

the immediate effects of the transition from primary to secondary school (e.g. from grade 6 to 

grade 7) on the proportion of children engaging in AST, and the volume of AST and PA; and 3) 

measuring the changes in the distance between participants’ home and the school that they 

attend, and their level of PA as measured by pedometry. Finally, the strength of the associations 

between measures of AST and PA was evaluated at both time points. 

 

Methods 

 Participants. For the test-retest reliability component, a convenience sample of 22 

primary and secondary school children (13 girls and 9 boys) aged 10 to 14 years was recruited. 
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Participants were asked to complete a short diary in which they indicated their mode of transport 

to and from school for each day of the school week, for two consecutive weeks during the fall 

season. 

Second, 4 K-6 primary schools in the city of Ottawa (Canada) agreed to be involved in 

the Active Transportation Transition Study. Only students in grade 6 were eligible to participate 

because the study aimed to assess the immediate influence of the school transition. Parents were 

asked to indicate their child’s prospective secondary school for grade 7 and either their phone 

number or e-mail address for follow-up purposes. The flow of participants in the study is shown 

on Figure 1. Baseline data were collected in May/June 2012 and the follow-up was conducted in 

September/October 2012. Primary and secondary schools were respectively given a $100 and 

$50 honorarium for participation in the study to support physical activity-related initiatives. 

Ethical approval was obtained from institutional Research Ethics Boards and from the 2 

participating school boards. 

[Insert Figure 1 here] 

Setting. It has been shown that secondary schools generally have larger catchment areas 

than primary schools [19]. As a result, the average distance between participant’s home and the 

school that they attend should be greater for secondary school students, so the school transition 

could lead to a decrease in the mode share of AST (e.g. the proportion of children engaging in 

AST). According to a US study [20], average distance is generally lower in neighborhoods with 

greater population density; hence, population density of the primary school census tracts was 

obtained from the 2006 Canadian census [21]. Of the 4 schools, 2 were located in census tracts 

with high population density (3531-4100 inhabitants/km2) while the 2 others were located in 

lower density areas (988-2159 inhabitants/km2). Participants attending primary schools located 
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in higher density census tracts stayed in the same area for secondary school while those who 

attended primary schools located in lower density census tracts went to 7 different secondary 

schools, most of which were located outside of their neighborhood.  

 Procedures. Participants involved in the test-retest evaluation were asked to complete a 

short diary in which they indicated their mode of transport to and from school for each day of the 

school week during two consecutive weeks. Participants in the longitudinal assessment were 

asked to complete this diary once in the spring and once in the fall. In addition, they were 

instructed to wear a SC-StepMXTM pedometer (Stepscount, Deep River, ON) on the right hip for 

8 consecutive days and to complete a daily log recording their daily step counts as well as the 

time the pedometer was worn during waking hours. This pedometer has demonstrated high 

validity and reliability [22]. Parents were asked to indicate their postal code and the name of 

their child’s school to allow for estimation of the distance between home and school.  

 Data treatment. The volume of AST was calculated by multiplying the frequency of 

AST by the distance between participants’ home and the school that they attend. Frequency was 

defined as the number of trips using active travel modes (i.e. walk, bike, skateboard, non-

motorized scooter, etc.) with values ranging from 0 to 10. Distance (in kilometers) was estimated 

with Google Maps, using the shortest walking route option, acknowledging that some 

participants may take longer routes due to safety concerns and others may take shortcuts outside 

of the road and sidewalks network [23]. The postal code provided by the parent was used as a 

proxy for residential address [24]. Because the volume of AST was skewed, it was transformed 

into its natural logarithm (ln) to achieve quasi-normal distribution (non-transformed descriptive 

data are provided in the results section for ease of interpretation). Hence, the formula was: 

volume = ln (1 + frequency X distance) with the constant (1) added to ensure that no volume was 
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below 0. To enable comparison of the findings with other studies, a dichotomous measure of 

participant’s primary mode of transport (e.g. active vs. inactive) was also used based on the 

information from the diaries. Participants were classified as active travelers if they used AST for 

at least 50% of school trips.  

The raw pedometry data were screened based on established criteria including 1) between 

1000 and 30000 steps/day [25,26]; 2) at least 10 hours of data/day [27] and 3) at least three days 

of valid data (e.g. meeting the daily wear threshold values) [26]. Application of these thresholds 

led to the exclusion of pedometer data from 2 participants at baseline and none at follow-up. The 

main PA measure used in the analyses was average daily steps counts, but average weekday and 

weekend step counts are also reported.  

 Statistical analyses. The test-retest reliability for the measures of primary travel mode 

and volume of AST were assessed with the kappa statistic and intra-class correlation coefficients 

(ICC) respectively. Subsequently, a series of analyses were performed. First, changes in the 

volume of AST, distance between home and school and average daily step counts were assessed 

with paired-samples t-tests, while changes in the mode share of AST were examined with a chi-

square test. Second, the association of participants’ primary mode of transportation with distance 

and PA at both time points were assessed with independent-samples t-tests and two-way (gender 

by travel mode) ANOVAs respectively. Third, among participants who reported at least one 

active trip, associations between the volumes of AST and PA were assessed with linear 

regression analyses adjusted for gender. Effect sizes were determined with Cohen’s d for the t-

tests and with the partial eta-squared (η2) statistic for the ANOVAs using Cohen’s [28] cut-

points. All analyses were performed with IBM SPSS 20 and α was set at 0.05. 
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Results 

 Based on the diary, the ICC for the volume of AST was 0.87 (95% CI=0.71-0.94). The 

proportion of participants classified as active travelers (e.g. who did ≥ 50% of their school trips 

using AST) was 22.7% in week 1 and 31.8% in week 2. The kappa value was 0.77. Descriptive 

characteristics of the participants at baseline and follow-up are provided in Table 1. At baseline, 

30 participants did at least one active trip accumulating an average volume of 6.9±4.5 km/week. 

Of the 27 participants classified as active travelers, 11 walked, 10 cycled, 2 used non-motorized 

scooters, 1 skateboarded and 3 used a combination of active modes. At follow-up, the average 

volume of AST among the 13 participants who did at least one active trip was 11.1±10.9 

km/week. Similarly, 13 participants were classified as active travelers (9 walked, 3 cycled and 1 

used a non-motorized scooter).  

[Insert Table 1 here] 

The subsample of participants included in longitudinal analyses (e.g. on the basis that 

they provided valid data at baseline and follow-up) varied by outcome (Table 2). Active travelers 

tended to accumulate greater volumes of AST at follow-up, but this difference was not 

statistically significant (t=1.08; p=0.31) despite a moderate effect size (d=0.52). It is worth 

noting that there was large between-individual variability in the volume of AST, especially at 

follow-up. In contrast, the mode share of AST significantly decreased from 57% to 46% 

(X2=3.88; p=0.05) while average distance between home and school increased from 2.6±2.7 to 

3.9±3.4 km (t=-3.12; p=0.004). Average daily step counts also decreased from 16,578±3,758 to 

14,071±3,680 steps/day (t=4.43; p<0.001). Similar declines in step counts were found for 

weekday and weekend days steps (data not shown). 

[Insert Table 2 here] 



 136 

Two way ANOVAs examined the association between participant’s primary mode of 

transport and step counts at both time points (Table 3). At baseline, active travelers accumulated 

1,118 more steps/day than passive travelers, but this difference was not significant (F=2.17; 

p=0.15) and effect size was small (η2=0.05). At follow-up, the difference in step counts was 

2,207 steps/day, and effect size was large (F=5.48; p=0.03; η2=0.20). Although the gender by 

mode share interactions were not statistically significant (p>0.22), the strength of the association 

between AST and step counts was greater in girls than in boys at baseline while the opposite 

trend was noted at follow-up. Independent-samples t-tests indicated that active travelers lived 

significantly closer to their school than inactive travelers at baseline (t=-7.04; p<0.001) and 

follow-up (t=-5.84; p<0.001). However, linear regression analyses demonstrated no dose-

response associations between the volume of AST and steps counts at baseline (F=0.45; p=0.51) 

and follow-up (F=0.17; p=0.69). 

[Insert Table 3 here] 

 

Discussion 

 The present study had three main objectives: 1) to develop a measure of the volume of 

AST and assess its test-retest reliability; 2) to measure the changes in AST, PA and distance 

between home and school resulting from the transition from primary to secondary school; and 3) 

to assess the strength of the relationship between AST and PA at the end of primary school and 

the beginning of secondary school. 

Test-retest reliability. High test-retest reliability coefficients were found for the 

participants’ volume of AST and primary travel mode dichotomized as active vs. inactive. To our 

knowledge, no peer-reviewed study has reported the reliability of a continuous measure that 
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combines both the frequency of AST trips and the distance between home and school. However, 

high reliability coefficients have been reported for questions on habitual travel mode and “hands-

up” classroom surveys [29-31]. 

The potential advantages of using a continuous measure may include: 1) a more precise 

quantification of the relationship between AST and health-related outcomes; 2) the possibility of 

examining dose-response relationships; and 3) using a consistent measure of AST would 

facilitate the inclusion of studies in meta-analyses. Indeed, meta-analyses could not be performed 

in earlier systematic reviews due to important discrepancies in the classification of participants 

as active and passive travelers [2,4]. Other studies also suggest that the criterion distances for 

walking and cycling (e.g. the distance that one would be willing to walk or cycle) vary between 

countries and between age groups [32-34]. While the present study was likely underpowered for 

the purpose of detecting a dose-response association, it is noteworthy that British researchers 

have reported that distance moderates the association between AST and PA [17,18]. In these 2 

studies, distance was treated as a categorical variable.  

Immediate effects of the transition from primary to secondary school on AST and 

PA levels. A moderate-size increase in the volume of AST was observed among active travelers; 

however, this difference was not statistically significant, likely owing to the large variability in 

the volume of AST and the small sample size. A posteriori sample size calculations based on the 

observed effect size indicate that 32 participants would have been necessary for a paired-samples 

t-test to achieve a power of 0.8 with a two-tailed α of 0.05. However, only 11 participants did at 

least 1 active trip at both time points. Because no earlier study has reported changes in the 

weekly volume of AST across the transition from primary to secondary school, there is a need 

for future studies with larger sample sizes.  
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In contrast, an 11% decrease in the mode share of AST was observed using the 

dichotomous measure. The lower mode share in secondary school students is consistent with 

findings from the Canadian National Longitudinal Survey of Children and Youth [12], although 

this report did not specifically assess the effect of the school transition. In line with the present 

study, Cooper and colleagues [11] reported a decrease in the proportion of children walking to 

school (from 77.0% to 60.7%) that was mirrored by an increase in bus riding (from 0.7 to 

18.6%). Because secondary schools generally have much larger catchment areas, the proportion 

of students living within a “walkable” distance is likely to be lower, thereby leading to a 

decrease in AST [19]. A systematic review has found that distance between home and school 

was the most consistent environmental correlate of AST as measured by geographic information 

systems [23]. In the present study, the average distance increased by almost 50% across the 

school transition. At both time points, active travelers lived significantly closer to their school 

than passive travelers. Together, these findings suggest that although fewer participants used 

AST at follow-up, those who did so tended to travel greater distances and to accumulate greater 

volumes of AST.  

Levels of PA decreased by about 15% across the school transition; this finding is 

consistent with earlier reviews [15,16]. For instance, in their meta-analysis of 26 tracking 

studies, Dumith and colleagues [15] found a 7% annual decline in PA during adolescence and 

only one study reporting an increase. In a life course perspective, studies have found that the age-

related decline in PA is not linear; it tends to be faster upon key transition periods in the lifespan 

(such as the school transition, entry into the labour market, etc.), and slower between these major 

life events [35-37]. Hence, these authors argued that such major life events are critical periods 

for the promotion of PA. 
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Association between AST and PA levels. The third objective of the study was to 

examine the strength of the association between AST and PA levels at both time points. Linear 

regression analyses found no evidence of an association between the volume of AST and PA 

levels at any time points. However, as stated previously, this might be explained by the large 

variability of the volume of AST and the small sample size. Hence, further research is needed to 

determine whether there is a dose-response relationship between the volume of AST and PA 

level. 

Two-way ANOVAs indicated that active travelers accumulated 2,217 additional steps per 

day on weekdays at follow-up with a large effect size. However, daily step counts did not 

significantly differ between active and inactive travelers at baseline. This finding could be partly 

explained by shorter distances between home and school and by the limited ability of pedometers 

to measure PA during cycling [38] given that 10 participants cycled to/from school at baseline. 

Furthermore, primary school children using AST may have “compensated” by being less active 

in the remainder of the day [39]. This potential explanation is supported by the observation that 

active travelers accumulated only 132 more steps/day on weekdays during primary school. It is 

also noteworthy that inconsistencies between genders were observed with respect to the strength 

of the association between AST and PA. Other studies have found similar inconsistencies [40-

42].   

British researchers recently examined the relationship between AST and PA level in 

primary and secondary school students using a combination of accelerometers and global 

positioning systems in two separate cross-sectional studies [43-44]. In line with the present 

study, they observed that the relationship between AST and daily MVPA was stronger in 

secondary school students than in primary school students. Cooper and colleagues [11] also 
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found an increase in PA across the school transition in participants who started walking. 

Together, these studies provide preliminary evidence suggesting that promoting AST during 

adolescence may be a key strategy to attenuate the age-related decline in PA levels. How best to 

do this remains to be seen given that the majority of school travel intervention research has been 

done in the elementary school context [45]. Barriers and facilitators to AST may be very 

different for adolescents. 

Limitations and strengths. The small sample size should be considered when 

interpreting the findings for the following reasons. First, limited statistical power may have 

reduced the likelihood of observing significant associations; thus caution is needed in making a 

distinction between a lack of evidence of effect and evidence of no effect. Second, the sample 

may not be representative of the population, especially given the low participation rate. The 

longitudinal study design, and the school board requirement that incentives cannot be offered to 

participants, may have contributed to the low participation rate. Third, the volume of AST was 

calculated irrespective of active travel mode, although it is known that pedometers underestimate 

PA during cycling [38]. Because cyclists generally traveled longer distances, combining active 

travel modes in the analyses may have reduced the likelihood of observing significant 

relationships. Thus, whenever possible, future studies should examine active travel modes 

separately, as recommended by Shephard [3]. In addition, the observed decline in PA may be 

partially explained by seasonal variations [46,47]. However, the follow-up was done as early as 

possible in the school year in order to minimize this potential bias. Alternatively, conducting the 

follow-up in the following spring would have avoided seasonal bias, but at the expense of less 

accurately measuring the immediate effects of the school transition, which was the main study 

objective. Interestingly, no seasonal differences in travel modes were observed among 11-12 
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years old children in Toronto [48]. Finally, the use of postal codes rather than actual street 

addresses limits the precision of the distance estimation, but there is no reason to believe that it 

has systematically biased the findings in one direction or another. A study in Calgary (Canada) 

found that 87.9% of postal code locations were within 200 meters of the true address location 

[24].  

On the other hand, the prospective study design is an important strength of the study. 

Second, while the school transition had repeatedly been shown to be associated with a major 

decrease in PA [15], only one study had previously examined changes in AST upon this 

important transition period [11]. Third, PA was assessed with an objective measure rather than a 

self-report instrument prone to recall bias [49]. Furthermore, the present study confirms the test-

retest reliability of a new approach to quantify the volume of AST which can be included in 

future studies with minimal cost.  

 

Conclusion 

This pilot-study found that one week measurement of the volume of AST is very reliable, 

providing a new strategy for researchers interested in quantifying the relationship between AST 

and health-related outcomes. Consistent with previous studies, an important decline in PA was 

observed upon the transition from primary to secondary school. The mode share of AST also 

decreased significantly during this transition, but active travelers tended to accumulate greater 

volumes of AST in secondary school. Furthermore, the difference in step counts between active 

and inactive travelers was about twice as large in secondary school. Together, these findings 

suggest that AST may account for a greater proportion of PA among adolescents than in 

children. However, these findings must be interpreted with caution given the small sample size; 
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thus, there is a need for the replication of this study design with larger samples. Nevertheless, the 

present findings provide a rationale for future studies to determine whether the promotion of 

AST during adolescence could attenuate the commonly observed age-related decline in PA.  
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Table 1. Descriptive characteristics of the sample at baseline and follow-up 

Variable Categories Baseline Follow-up 

Girls 24 16 Gender 

Boys 24 13 

Active 27 (14G, 13B) 13 (8G, 5B) 

Inactive 19 (9G, 10B) 15 (7G, 8B) 

 

Travel mode 

Missing 2 (1G, 1B) 1 (1G) 

Overall 6.9 ± 4.5  11.1 ± 10.9  

Girls 6.4 ± 3.2 8.9 ± 4.2 

 

Volume of AST (km) 

Boys 7.4 ± 5.4 14.6 ± 17.4 

Overall 2.3 ± 2.4  3.9 ± 3.4 

Girls 2.2 ± 2.3 3.0 ± 2.9 

 

Distance 

(km) Boys 2.5 ± 2.6 4.9 ± 2.7 

Overall 16,805 ± 3,744* 14,071 ± 3,680 

Girls 15,235 ± 2,973 12,728 ± 3,301 

 

Average steps/day 

Boys 18,447 ± 3,820 15,415 ± 3,662 

Overall 17,501 ± 3,872* 14,743 ± 3,701 

Girls 16,025 ± 3,093 13,368 ± 3,455 

 

Weekday steps/day 

Boys 19,045 ± 4,064 16,117 ± 3,537 

Overall 15,424 ± 6,165 12,206 ± 4,409 

Girls 14,017 ± 6,361 10,828 ± 3,159 

 

Weekend steps/day 

Boys 16,981 ± 5,704 13,372 ± 5,072 
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AST = Active school transport; G = girls; B = boys. Statistics are presented as mean ± SD. 

Differences between boys and girls were assessed with independent-samples t-tests and X2 tests 

where appropriate. Weekly volume of AST was computed only for participants reporting at least 

1 active trip. * denotes statistical significance (p < 0.05). 



 152 

Table 2. Changes in active school transport, distance between home and school, and 

average daily step counts upon the transition from primary to secondary school 

Variable n* Primary school Secondary 

school 

Test 

statistic 

p d 

AST mode share 28 57.1% 46.4% 3.88 0.049 N/A 

Volume of AST†  11 1.8 ± 0.7 2.2 ± 0.8 1.08 0.306 0.52 

Distance 28 2.6 ± 2.7 3.9 ± 3.4 -3.12 0.004 0.41 

Average steps/day 26 16,578 ± 3,758 14,071 ± 3,680 4.43 < 0.001 0.67 

Changes in the mode share of AST were assessed with X2 test; changes in all other variables 

were assessed with paired-sample t-tests. * n refers to the sub-samples of participants who 

provided valid data at baseline and follow-up for each variable. AST = active school transport. † 

the log-transformed volume of AST was obtained with the following formula: ln (1 + frequency 

X distance). 
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Table 3. Differences in average daily step counts between active and inactive travelers. 

Period Gender (n) AT steps ± SD IT steps ± SD F p η2 

Overall (43) 17,300 ± 3,389 16,182 ± 4,367 2.17 0.15 0.05 

Girls (22) 16,037 ± 2,931 13,545 ± 2,555 4.02 0.06 0.17 

 

Baseline 

Boys (21) 18,908 ± 3,365 18,291 ± 4,452 0.13 0.72 0.01 

Overall (26) 15,175 ± 3,995 12,968 ± 3,101 5.48 0.03 0.20 

Girls (13) 13,250 ± 3,246 11,893 ± 3,584 0.50 0.50 0.04 

 

Follow-up 

Boys (13) 18,256 ± 3,189 13,639 ± 2,794 7.57 0.02 0.41 

Two-way ANOVA models (e.g. travel mode by gender) were used for the “overall” models and 

one-way ANOVA were used for the gender-specific models. AT = active travelers; IT = inactive 

travelers. η2 indicates the independent effect size of travel mode within the models. 
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Figure legends. 

 

Figure 1. Flow of participants in the Active Transportation Transition Study. Baseline data 

was collected in May/June 2012 when participants were in primary school (grade 6) and follow-

up data was collected in September/October 2012, just after participants had started secondary 

school (grade 7). 
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Figure 1. Flow of participants in the Active Transportation Transition Study. 
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INTRODUCTION  
During the last decade, active school transport (AST) has emerged as an 

important topic in the fields of public health, urban planning and environmental 
sciences.1-3 Despite the numerous benefits of AST, the proportion of children and youth 
using active modes of transport such as walking and cycling is generally very low and 
has decreased markedly in the last decades in countries such as Australia4, Canada5 
and the United States6. Moreover, according to a recent systematic review, most AST 
promotion interventions (i.e. Safe Routes to School and walking school buses) have led 
to modest increases in walking and cycling to/from school and the magnitude of the 
observed changes has been heterogenous.7 

Current theoretical models assume that parents are the key decision makers with 
respect to their children’s travel mode8, 9; hence, a large proportion of studies that 
examined perceived barriers to AST have focused on parents’ perceptions. There is 
consistent evidence showing that the distance between a child’s residence and the 
school that he/she attends (both perceived and objectively measured) is a strong 
determinant of travel mode choices.10-12 However, travel decisions can also be 
influenced by a wide array of factors pertaining to different levels of influence as 
postulated by social-ecological theory.9, 13 These may include personal characteristics 
(e.g., attitudes toward walking and cycling), the social environment (e.g., social support 
from family and friends), public policies (e.g., school policies, municipal bylaws), the 
built environment (e.g., availability of sidewalks and bicycle paths), and the physical 
environment (e.g. topography). These two models also posit that the relationship 
between the correlates of AST and travel patterns is moderated by the age of the child, 
but longitudinal studies on this topic are scarce.9, 13 

Although children may have some input into travel mode decisions, few studies 
have simultaneously assessed child- and parent-perceived barriers to AST.9 Timperio 
and colleagues14,15 examined perceived barriers among children of different age groups 
and their parents, but they did not report the concordance between these perceptions. 
More recently, Napier and colleagues16 reported that children’s and parents’ perception 
of 5 different barriers to AST was similar, except in areas defined as “less walkable” 
where parents expressed greater concerns. Further research is warranted to determine 
the extent to which children’s and parents’ perceptions are concordant across a larger 
number of barriers pertaining to multiple levels of influence. 

Another area that has been understudied is the potential role of parental 
neighborhood selection in influencing children’s travel mode. It has been shown that 
adults who prefer walking and cycling are more likely to choose to live in “walkable 
areas”.17, 18 For example, Frank and colleagues17 assessed the relative influence of 
neighborhood walkability and self-selection, and they found that both aspects were 
independently associated with adults’ travel modes. To our knowledge, only one study 
has examined the influence of parental neighborhood selection factors on children’s 
travel patterns, reporting that children were more likely to engage in AST if their parents 
had chosen to live in their neighborhood so that their children could walk to school.19 
Hence, further research is needed to confirm this association and examine the influence 
of other parental neighborhood selection factors; for instance parents could choose their 
neighborhood for its proximity to their workplace or because of monetary constraints.  
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In addition, there is a growing body of evidence showing that socio-demographic 
characteristics can influence children’s travel mode. Many North American studies have 
shown that girls20-22 and children living in high socioeconomic status (SES) families21, 23, 

24 are less likely to walk or cycle to/from school. Other researchers have reported that 
car ownership was inversely related to AST.25 This evidence underscores the need for 
studies of correlates of AST to consider socio-demographic factors. 

Therefore, the present pilot-study had 4 key objectives: 1) to assess the 
concordance between child- and parent-perceived barriers to AST; 2) to examine the 
association between child- and parent-perceived barriers to AST and children’s primary 
mode of transport; 3) to explore the influence of different parental neighbourhood 
selection factors on children’s travel mode; and 4) to investigate the association 
between a series of socio-demographic characteristics of the household and AST. 
These relationships were assessed at the end of primary school (grade 6) and the 
beginning of secondary school (grade 7) among the same participants. This important 
transition period is associated with a large decrease in physical activity levels.26 
 
METHODS 

Participants. The principals from four K-6 primary schools agreed to be involved 
in the Active Transportation Transition Study. Only students in grade 6 were eligible to 
participate because the study aimed to assess the influence of the school transition. 
Consent and assent forms were obtained from 55 grade 6 students (33.3% response 
rate) of which 49 returned their study package. Parents were asked to indicate their 
child’s prospective school for grade 7 and either their phone number or e-mail address 
for follow-up purposes. Eleven parents could not be reached for follow-up, either 
because they did not complete the parent questionnaire at baseline or because they did 
not respond to our e-mail reminders. Of the 38 remaining participants, 31 returned their 
study packages, but 2 of these contained blank questionnaires; thus data from 29 
participants was included in the follow-up analyses. Baseline data were collected in 
May/June 2012 and the follow-up data in September/October 2012. Primary and 
secondary schools were respectively given a $100 and $50 honorarium for participation 
in the study to support physical activity-related initiatives. Ethical approval was obtained 
from institutional Research Ethics Boards and from the 2 participating school boards. 

Setting. It has been shown that secondary schools generally have larger 
catchment areas than primary schools.27 As a result, the average distance between 
participant’s home and the school that they attend should be greater for secondary 
school students; thereby, the school transition could lead to a decrease in the mode 
share of AST (e.g. the proportion of children engaging in AST). In the subsample of 
participants (n = 28) who provided baseline and follow-up data, an increase in average 
distance (from 2.61 km to 3.86 km) and a decrease in the mode share of AST (from 
57.1% to 46.4%) were observed (R. Larouche, University of Ottawa, unpublished 
manuscript). According to a US study10, average distance is generally lower in 
neighborhoods with greater population density; hence, population density of the primary 
school census tracts was obtained from the 2006 Canadian census28. Participants 
attending the 2 primary schools located in higher density census tracts (3531-4100 
inhabitants/km2) stayed in the same area for secondary school. In contrast, those who 
attended the 2 primary schools located in lower density census tracts (988-2159 
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inhabitants/km2) went to 7 different secondary schools, most of which were located 
outside of their neighborhood. Assuming that distance is a key determinant of AST, one 
would assume that the latter participants would be less likely to engage in AST, 
especially in secondary school. Presumably, the relative influence of barriers to AST will 
be modified given the change in school location. For example, the distance to school 
may increase, a different set of safety concerns may present themselves, and travel 
modes may become more or less convenient or available (e.g., school bussing 
eligibility).  

Measures. All assessments described below were done at baseline and follow-
up. First, participants were asked to complete a short diary in which they indicated their 
mode of transport to and from school for each day during one school week. Second, 
participants and their parents were asked to complete a previously validated 17-item 
questionnaire on perceived barriers to AST.29 In this questionnaire, individuals are 
asked to indicate their level of agreement with simple statements on a 4-point scale 
ranging from 1 (strongly disagree) to 4 (strongly agree). While the Forman et al. 29 scale 
has been validated for assessing perceived barriers to active transport for different trip 
purposes, only the barriers pertaining to the school trip were examined given that the 
present study focused on AST. Because road safety is an important correlate of AST9 
that is specifically targeted by interventions promoting AST (i.e. Safe Routes to School), 
two items were added to the scale targeting traffic around participants’ home and 
around the school that they attend. These items were added to get additional precision 
regarding the location of road safety concerns. Third, parental neighbourhood selection 
factors were assessed with a 7-item scale adapted from the Neighborhood Selection 
Questionnaire developed by Frank et al.17 Parents indicated their level of agreement 
with these statements on a 5 point-scale ranging from 1 (strongly agree) to 5 (strongly 
disagree). Fourth, parents were asked several socio-demographic questions including 
the number of children and cars in the household, whether their child had access to a 
bicycle, the type of family (e.g. 2 parents, 1 parent or other), and the education level and 
employment status of the mother and father.  

Data treatment. Participants were classified as active travelers if they reported 
using active modes of transport for at least 50% of school trips. Pilot data using the 
same classification method has shown substantial test-retest reliability over two 
consecutive weeks of measurements (R. Larouche, University of Ottawa, unpublished 
manuscript). Given the small sample size, response options for the barrrier statements 
were dichotomized as “disagree” (strongly disagree or somewhat disagree) and “agree” 
(strongly agree or somewhat agree). Similarly, response options for the neighborhood 
selection factors were dichotomized as “disagree” (strongly disagree, somewhat 
disagree or neither agree nor disagree) and “agree” (strongly agree or somewhat 
agree). Participant’s primary school neighborhood was coded as “higher” vs. “lower” 
density.  

Statistical analyses. First, the concordance between children- and parent-
perceived barriers to AST was assessed using Spearman rank-order correlations. 
Second, Fisher’s30 exact test was used to examine how children- and parent-perceived 
barriers, parental neighbourhood selection factors and socio-demographic factors relate 
to children’s primary travel mode. This test is suitable for contingency tables when the 
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chi-square test assumptions are not satisfied. All analyses were performed at baseline 
and follow-up with IBM SPSS 20 and α was set at .05. 

 
RESULTS 

Descriptive characteristics of the sample are shown in Table 1. Almost all 
children had access to a bicycle and almost all parents had at least 1 car. The majority 
of children lived in 2 parent families with highly educated parents and almost all fathers 
were full-time employed, suggesting that the household SES status may be higher than 
the average Canadian population.31 No significant differences in socio-demographic 
characteristics were found between individuals who participated in the follow-up and 
those who did not (all p > 0.232). 

 
Table 1. Descriptive characteristics of the sample 
 

Characteristic Categories Baseline Follow-up 
Girls 25 (51.0%) 16 (55.2%)  

Child gender Boys 24 (49.0%) 13 (44.8%) 
Higher density 23 (46.9%) 12 (41.4%) 

School neighborhood* 
Lower density 26 (53.1%) 17 (58.6%) 

Active 26 (57.1%) 13 (46.4%)  
Travel mode Inactive 16 (42.9%) 15 (53.6%) 

0 2 (4.7%) 1 (3.6%) 
1 18 (41.9%) 11 (39.3%) 

 
Number of cars in the 

household 2 23 (53.5%) 16 (57.1%) 
Yes 41 (95.3%) 29 (100%) Children has access to a 

bicycle No 2 (4.7%) 0 
Two parents 37 (86.0%) 26 (89.7%)  

Family type Single parent 6 (14.0%) 3 (10.3%) 
1 children 6 (14.0%) 4 (13.8%) 
2 children 25 (58.1%) 16 (55.2%) 

 
Family size 

3 or more children 12 (27.9%) 9 (31.0%) 
Less than 
university 

15 (34.9%) 7 (25.0%)  
Father’s education 

University 28 (65.1%) 21 (75.0%) 
Less than 
university 

10 (23.8%) 2 (7.1%)  
Mother’s education 

University 32 (76.2%) 26 (92.9%) 
Full time 38 (92.7%) 28 (96.6%)  

Father’s employment Other 3 (7.3%) 1 (3.4%) 
Full time 26 (65.0%) 18 (66.7%)  

Mother’s employment Other 14 (35.0%) 9 (33.3%) 
Data are indicated as the number of participants with the proportion in parentheses. *School 
neighborhood refers to the school that participants attended at baseline. 

 
Spearman correlations between child- and parent-perceived barriers to AST at 

baseline and follow-up are reported in Table 2. At baseline, significant correlations (rho 
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0.32-0.72) were found for 14 out of 19 questionnaire items. Of particular note, 
correlations were generally higher for the road safety (e.g. traffic, lighting and crossings) 
and distance components (rho ≥ 0.50). At follow-up, significant correlations between 
child- and parent-perceived barriers to AST (rho 0.39-0.63) were found for only 4 items: 
traffic along the route and around the home, crime-related concerns and distance 
between home and school. 

 
Table 2. Spearman correlations between child- and parent-perceived barriers to 
active transportation at baseline and follow-up 
 

Baseline Follow-up  
Barriers rho p rho p 

Too many hills along the way .509* .001 .326 .090 
No sidewalks or bike lanes .155 .341 .247 .206 

Route is boring .064 .698 .018 .927 
Route does not have good 

lighting .525* .001 .380 .050 
Too much traffic along the route .721* <.001 .391* .040 
Too much traffic around home .670* <.001 .520* .005 
Too much traffic around the 

school .495* .001 .247 .214 
One or more dangerous 

crossings .575* <.001 .350 .068 
Get too hot and sweaty .152 .350 .079 .690 

No other children walk or bike to 
school .078 .638 -.017 .934 

Not considered cool to walk or 
bike .453* .003 -.067 .736 

Too much stuff to carry .684* <.001 .182 .353 
Easier for parents to drive on the 

way to something else .332* .037 .178 .364 
Involves too much planning 

ahead .320* .047 .133 .500 
Unsafe because of crime 
(strangers, gangs, drugs) .454* .003 .425* .024 

Get bullied, teased, harassed .546* <.001 .104 .598 
Nowhere to leave a bike safely .170 .301 -.026 .899 

There are stray dogs .646* <.001 -.161 .414 
It’s too far .714* <.001 .629* <.001 

* Indicates significant correlations (p < .05). The 2 items that were added to Forman and colleagues’ 
(2008) scale are in italics. 

 
Associations of children’s primary travel mode with child- and parent-perceived 

barriers to AST at baseline and follow-up are reported in Table 3. At baseline, 26 
participants were classified as active travelers, 19 as inactive travelers and 4 did not 
complete the log sheet or provided insufficient information for the determination of their 
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primary travel mode. Children who perceived that the school is too far (p < .001), that 
there is too much traffic around the school (p = .014), that the route does not have good 
lighting (p = .019) and that they have too much stuff to carry (p = .038) were less likely 
to engage in AST. Similarly, children were less likely to engage in AST if their parents 
perceived that the school is too far (p < .001), that their child has too much stuff to carry 
(p = .005) or gets too hot and sweaty (p = .015), that it is unsafe because of crime (p = 
.015), that there is too much traffic along the route (p = .018) or the home (p = .035), 
that the route does not have good lighting (p = .046) and that no other children walk or 
bike to/from school (p = .046). Participants who somewhat or strongly agreed that the 
school is too far were all inactive travelers.  

At follow-up, 13 participants were classified as active travelers, 15 as inactive 
travelers and 1 provided insufficient information to allow for the determination of travel 
mode. Children were less likely to engage in AST if they perceived that the school is too 
far (p = .002), that there are dangerous crossings along the route (p = .006), that they 
have too much stuff to carry (p = .018), that it is easier for their parents to drive them (p 
= .038) and that there is too much traffic around the school (p = .044). Children were 
also less likely to engage in AST if their parent perceived that the school is too far (p = 
.003) and that there are no sidewalks or bike lanes along the route (p = .008). Only one 
child who perceived that the school is too far engaged in AST.  

Table 4 shows the association between parental neighborhood selection factors 
and children’s travel mode at baseline and follow-up. At both time points, children were 
more likely to engage in AST if their parents indicated that they have chosen to live in 
their neighborhood because “it is easy for our children to walk or cycle to school” (p = 
.001 and .047 respectively). At follow-up, children were also more likely to engage in 
AST if their parents indicated that they have chosen to live in their neighborhood 
because “there are shops and restaurants you can walk or cycle to” (p = .036). 

The association between socio-demographic charecteristics of the household 
and children’s travel mode at baseline and follow-up is shown in Table 5. At baseline 
and follow-up, children attending school in denser areas were significantly more likely to 
engage in AST (p = .003 and p < .001 respectively). At follow-up only, children whose 
parents owned at least 2 cars were less likely to engage in AST (p = .006). Other socio-
demographic characteristics were not associated with children’s travel mode at any time 
point. Because more than 95% of participants had access to a bicycle, this variable was 
omitted from the analyses.  

 
 



 163 

Table 3. Associations between child-perceived barriers and active school 
transport at baseline and follow-up 
 

Barriers 
Study 
period 

Respondent AT (%) IT (%) p  

Baseline Child 13.0 17.6 .666 
Baseline Parent 4.0 7.1 1.000 
Follow-up Child 7.7 33.3 .173 

Too many hills 
along the way 

Follow-up Parent 0.0 26.7 .106 
Baseline Child 19.2 41.2 .168 
Baseline Parent 16.0 40.0 .135 
Follow-up Child 7.7 40.0 .084 

No sidewalks or 
bike lanes 

Follow-up Parent 0.0 46.7 .008* 
Baseline Child 7.7 17.6 .369 
Baseline Parent 0.0 7.1 .359 
Follow-up Child 0.0 13.3 .484 

Route is boring 

Follow-up Parent 0.0 0.0 N/A 
Baseline Child 0.0 23.5 .019* 
Baseline Parent 0.0 20.0 .046* 
Follow-up Child 7.7 14.3 1.000 

Route doesn’t 
have good 

lighting 
Follow-up Parent 8.3 20.0 .605 
Baseline Child 30.8 47.1 .343 
Baseline Parent 24.0 66.7 .018* 
Follow-up Child 23.1 60.0 .067 

Too much traffic 
along the route 

Follow-up Parent 41.7 60.0 .449 
Baseline Child 15.4 41.1 .080 
Baseline Parent 16.0 46.7 .035* 
Follow-up Child 15.4 20.0 1.000 

Too much traffic 
around home 

Follow-up Parent 41.7 20.0 .398 
Baseline Child 11.5 47.1 .014* 
Baseline Parent 28.0 53.3 .177 
Follow-up Child 0.0 33.3 .044* 

Too much traffic 
around the 

school 
Follow-up Parent 54.5 46.7 1.000 
Baseline Child 19.2 37.5 .281 
Baseline Parent 36.0 66.7 .102 
Follow-up Child 7.7 60.0 .006* 

Dangerous 
crossings 

Follow-up Parent 33.3 46.7 .484 
Baseline Child 11.5 23.5 .407 
Baseline Parent 0.0 26.7 .015* 
Follow-up Child 7.7 13.3 1.000 

Get too hot and 
sweaty 

Follow-up Parent 0.0 13.3 .487 
Note: The percentage of individuals who strongly or somewhat agreed with the barriers statements in the 
1

st
 column was compared between active travelers (AT) and inactive travelers (IT) with Fisher’s exact 

test. * Indicates significant differences (p < .05). 
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Barriers 
Study 
period 

Respondent AT (%) IT (%) p  

Baseline Child 3.8 6.3 1.000 
Baseline Parent 0.0 20.0 .046* 
Follow-up Child 0.0 13.3 .484 

No other children 
walk or bike to 

school 
Follow-up Parent 0.0 13.3 .492 
Baseline Child 0.0 0.0 N/A 
Baseline Parent 0.0 13.3 .135 
Follow-up Child 0.0 0.0 N/A 

Not considered 
cool to walk or 

bike 
Follow-up Parent 0.0 6.7 1.000 
Baseline Child 7.7 37.5 .038* 
Baseline Parent 4.0 42.9 .005* 
Follow-up Child 0.0 40.0 .018* 

Too much stuff to 
carry 

Follow-up Parent 8.3 33.3 .182 
Baseline Child 19.2 44.4 .098 
Baseline Parent 16.0 42.9 .124 
Follow-up Child 7.7 46.7 .038* 

Easier to drive 

Follow-up Parent 0.0 26.7 .106 
Baseline Child 3.8 11.8 .552 
Baseline Parent 8.3 20.0 .354 
Follow-up Child 7.7 26.7 .333 

Involves too 
much planning 

ahead 
Follow-up Parent 0.0 20.0 .231 
Baseline Child 7.7 29.4 .093 
Baseline Parent 0.0 26.7 .015* 
Follow-up Child 15.4 13.3 1.000 

Unsafe because 
of crime 

Follow-up Parent 0.0 26.7 .106 
Baseline Child 3.8 5.9 1.000 
Baseline Parent 0.0 6.7 .375 
Follow-up Child 7.7 6.7 1.000 

Get bullied 

Follow-up Parent 0.0 6.7 1.000 
Baseline Child 3.8 17.6 .284 
Baseline Parent 0.0 0.0 N/A 
Follow-up Child 7.7 33.3 .173 

Nowhere to leave 
a bike safely 

Follow-up Parent 0.0 7.1 1.000 
Baseline Child 4.0 5.9 1.000 
Baseline Parent 0.0 0.0 N/A 
Follow-up Child 7.7 6.7 1.000 

There are stray 
dogs 

Follow-up Parent 0.0 6.7 1.000 
Baseline Child 0.0 76.5 <.001* 
Baseline Parent 0.0 66.7 <.001* 
Follow-up Child 7.7 66.7 <.001* 

It’s too far 

Follow-up Parent 0.0 53.3 .003* 
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Table 4. Associations between parental neighborhood selection factors and 
child’s travel mode at baseline and follow-up 
 

Neighborhood selection factors 
Study 
period 

AT 
(%) 

IT (%) p 

Baseline 92.0 81.3 .362 We liked some aspects of its built 
environment (street layout, the 

organization of buildings along the 
streets, the green spaces & parks, 

etc.) 

Follow-up 91.7 92.9 1.000 

Baseline 52.0 68.8 .344 We like some aspects of its social 
environment, such as proximity to 

friends and family 
Follow-up 66.7 71.4 1.000 

Baseline 26.1 18.8 .711 It was one of the few neighborhoods 
we could afford to live in Follow-up 16.7 28.6 .652 

Baseline 64.0 12.5 .001* It is easy for our child(ren) to walk or 
cycle to school Follow-up 75.0 28.6 .047* 

Baseline 66.7 75.0 .729 It is a convenient location with 
respect to work Follow-up 83.3 64.3 .391 

Baseline 84.0 68.8 .276 It is a convenient location with 
respect to our household’s non-work 

activities, such as shopping, 
exercise, parks, etc. 

Follow-up 91.7 64.3 .170 

Baseline 64.0 43.8 .334 There are shops and restaurants you 
can walk or cycle to Follow-up 91.7 50.0 .036* 

Note: all statements began with “We have chosen to live in this neighborhood because”.  The percentage 
of individuals who strongly or somewhat agreed with the statements in the 1

st
 column was compared 

between active travelers (AT) and inactive travelers (IT) with Fisher’s exact test. * Indicates significant 
differences (p < .05). 
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Table 5. Associations between socio-demographic characteristics of the 
household and children’s travel mode at baseline and follow-up 
 

Characteristic Categories 
Study 
Period 

AT (%) IT (%) p 

Baseline 51.9 47.4 1.000 
Child gender 

Girls vs. 
boys Follow-up 61.5 46.7 .476 

Baseline 66.6 21.1 .003* 
School 

neighborhood 

Higher vs. 
lower 

density 
Follow-up 84.6 6.7 <0.001* 

Baseline 46.1 43.8 1.000 Number of cars 
in the household 

≤ 1 vs ≥ 2 
Follow-up 69.2 14.3 0.006* 
Baseline 88.5 81.3 .658 

Family type 
2 parents 
vs. others Follow-up 92.3 93.3 1.000 

Baseline 11.5 18.8 .658 
Family size 

1 children 
vs. others Follow-up 15.4 13.3 1.000 

Baseline 73.1 56.3 .322 Father’s 
education 

University 
vs. others Follow-up 91.7 66.7 .182 

Baseline 84.0 68.8 .276 Mother’s 
education 

University 
vs. others Follow-up 100.0 86.7 .484 

Baseline 96.2 86.7 .543 Father’s 
employment 

Full time vs. 
others Follow-up 100.0 93.3 1.000 

Baseline 69.6 56.3 .503 Mother’s 
employment 

Full time vs. 
others Follow-up 61.5 71.4 .695 

The percentage of individuals with the referent categories mentioned in the 2
nd

 column was compared 
between active travelers (AT) and inactive travelers (IT) with Fisher’s exact test (e.g. at baseline, 51.9% 
of active travelers were girls; implying that the remaining 48.1% were boys). * Indicates significant 
differences (p < .05). 
 

DISCUSSION 
The present study aimed to compare child- and parent-perceived barriers to AST 

and to identify how perceived barriers to AST, parental neighborhood selection factors 
and socio-demographic characteristics of the households relate to children’s primary 
travel mode for the trip to/from school. 

Concordance of child- and parent-perceived barriers to AST. In general, 
children’s and parents’ perceptions of barriers to AST were significantly correlated at 
baseline. Using the same instrument, Forman et al.29 reported high intraclass correlation 
coefficients between adolescent and parent reports, but they combined survey items in 
three subscales instead of examining agreement for each barrier separately. Another 
study in the US found good agreement between children and parent reports, except 
within less walkable neighborhoods where parents expressed greater concerns.16  

However, at follow-up significant correlations were found for only 4 of 19 
questionnaire items. Because follow-up data collection occured only a few weeks after 
participants started secondary school, it is possible that children and/or their parents 
were less familiar with the route to/from school and the school surroundings. This 
novelty aspect may have biased the comparisons toward the null hypothesis. 
Nevertheless, at both time points, the concordance was generally higher for the 
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distance and road safety components and most of these components were associated 
with children’s travel mode. To our knowledge, no other study has assessed how the 
concordance between child- and parent-perceived barriers changes from primary to 
secondary school, underscoring a need for future research on this topic.  

Associations between perceived barriers and AST. In the present study, the 
strongest perceived barrier to AST was the distance between home and school as 
perceived by both children and parents. Moreover, in the sub-sample of participants 
who provided travel mode data at both time points, the average distance increased 
upon the transition from primary to secondary school while the mode share of AST 
decreased significantly (R. Larouche, University of Ottawa, unpublished manuscript). 
These longitudinal findings are consistent with cross-sectional studies comparing the 
mode share of AST between primary, middle school and high school students in 
Canada24, 32 and the United States20, 23. In addition, data from the US National 
Household Travel Survey suggests that a 10% increase in distance is associated with a 
7.5% decrease in the mode share of walking.10 Finally, a systematic review of the 
relationship between objectively-measured environmental factors and AST found that 
distance was the only consistent correlate.12  

Road safety concerns related to heavy traffic were important correlates of travel 
mode, especially at baseline. However, their influence was not as strong as that of 
distance, likely because some participants were engaging in AST in spite of their 
parents’ and their own safety concerns. Interestingly, the proportion of children and 
parents who perceived the absence of sidewalks and cycle paths as a barrier was 
consistently greater among the inactive travelers, but this relationship was only 
significant at follow-up among parents. This might be an artifact of the small sample 
size. In the published literature, several studies have found that perceived road safety 
was an important barrier to AST.33, 36 In addition, an Australian study that examined the 
predictors of increasing AST found that when parents perceived that there was not 
enough traffic lights and pedestrian crossings in their neighborhood, children were half 
as likely to begin walking or cycling to school.37 Nevertheless, conflicting findings have 
also been reported with respect to the association between road safety elements and 
AST.14, 38  

The perception of having too much stuff to carry was associated with inactive 
travel at baseline and follow-up. This element was mentioned as an important barrier in 
a qualitative study39, although it has not been assessed often in quantitative studies. 
Technology could help to reduce backpack loads (i.e. using USB sticks and tablets 
instead of heavy textbooks). Another possibility would be to equip bikes with racks and 
panniers to avoid the need for carrying heavy loads on one’s back.40 

At baseline only, parents’ crime-related concerns were associated with motorized 
travel; however, there were no associations between children’s personal safety 
concerns and travel mode at any time point. The lack of concordance in this regard 
warrants future investigation. Nevertheless, it is noteworthy that a literature review has 
reported inconsistent evidence regarding the relationship between personal safety 
aspects (e.g. “stranger danger”, crime, bullying) and AST among both children and 
parents.9 Given the higher rates of AST among children living in low SES 
neighborhoods (which also tend to have higher crime rates), SES might be an important 
confounding variable.41, 42  
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In the present study, a greater proportion of inactive travelers and their parents 
reported that “it is easier to drive” and that walking or biking to school “involves too 
much planning ahead” at both time points.  However, the associations were not 
significant except among children at follow-up.  This may reflect the increased distance 
(and associated time cost) between home and school. Previous research has shown 
that perceived convenience of driving and time constraints were key reasons underlying 
parents’ decision to drive their children to/from school.43, 44 Based on semi-structured 
interviews, Faulkner and colleagues43 concluded that parental travel mode decisions are 
based on two key questions: 1) does the child need to be escorted to/from school?; and 
2) what is the easiest and most convenient way to travel? Again, the small sample size 
may explain why such associations were not found in the present study. 

In her theoretical framework, McMillan8 assumed that parents are the key 
decision-makers regarding their children’s mode of transport. However, more recent 
frameworks posit that as children become older, they likely have a greater input into this 
decision.9, 13 This assumption is consistent with the observation that independent 
mobility (e.g. the degree of freedom of children and youth to move around in public 
spaces without adult supervision) increases with age.45 In turn, independent mobility is 
associated with greater AST and PA levels.46, 47 Another study has shown that 
Canadian adolescents who have some input in the decision making process are more 
likely to engage in AST48, and an American study indicated that although children- and 
parent-perceived barriers were correlated, they were still independently associated with 
the frequency of walking trips.16 Together, this body of evidence emphasizes the need 
to consider both child- and parent-perceived barriers to AST. Similarly, future research 
should examine how these perceived barriers change over time among both parents 
and children to inform the development of more effective AST interventions. 

Parental neighborhood selection factors. At both time points, children were 
significantly more likely to engage in AST when their parent reported that they chose to 
live in their neighborhood so that their children could easily walk or cycle to school. 
Another study in the Greater Toronto Area found that children were less likely to be 
driven to school if their parents reported that they had chosen to live in their 
neighborhood so that their children can walk to school.19 In addition, children were more 
likely to engage in AST at follow-up if their parents chose their neighborhood for the 
proximity of parks and restaurants. Perceived proximity to such destinations has been 
shown to be associated with higher physical activity levels in children and youth.49 Our 
findings provide preliminary evidence suggesting that parental neighborhood selection 
factors can influence thier child’s travel modes. Future studies could use a design 
similar to Frank et al.17 to attempt to disentangle the relative influence of self-selection 
and built environment characteristics.  

Socio-demographic characteristics. At both time points, children who attended 
primary schools located in denser census tracts were more likely to engage in AST. 
These schools were located significantly closer to participants’ home, presumably 
facilitating AST. Similarly, McDonald8 reported that in denser areas, it is more likely that 
a greater proportion of children live within a walkable distance, suggesting that the 
effect of density on travel mode may be partially mediated by distance. Nevertheless, 
there is conflicting evidence with respect to the association between density and AST in 
the literature.12 This may be due to inconsistencies in methodology12 to the 
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indirectedness of the effect of density (e.g. through distance8), to a ceiling effect (e.g. 
beyond a certain level, increasing density may have no effect on AST) or because 
denser areas may be associated with greater traffic exposure and safety concerns50. 
Density may be less salient when a large proportion of children do not attend a school 
within their neighborhood as seems to be the case for the participants who attended 
primary schools in lower density areas. Moreover, differences in AST between school 
neighborhoods could also be due to other characteristics of the built environment and to 
school policies that may favor AST to a greater extent in these schools.  

Parent’s car ownership was the only other socio-demographic variable that was 
associated with children’s travel mode, but this association was found only at follow-up. 
Specifically, children were almost five times less likely to engage in AST when their 
parents owned at least two cars. However, only two families did not own a car so they 
were combined with those that owned one car in analyses. Moreover, children who 
traveled by car and bus were combined in the analyses; this has likely biased the 
results toward the null hypothesis. This could explain why our findings differ from those 
of DiGuiseppi et al.25 who reported that British children were much more likely to be 
driven to school by their parents if they owned at least one car, and the odds were even 
greater when parents owned two cars. Presumably, higher car ownership makes the 
option of driving children to/from school more feasible. 

The lack of association for the other socio-demographic variables might be due 
to the small sample size and to the limited variability of these characteristics in the 
sample (e.g. the majority of parents had university education and almost all fathers 
worked full time). Therefore, these findings should be interpreted cautiously. North 
American studies have generally found higher rates of AST in children living in low SES 
households21, 23, 24, 41, in single-parent families24, and in boys20-22.  

Policy implications. The present findings have some implications for policies 
related to AST. In the US, the school siting guidelines recommend that schools be built 
on large lots; for example one acre of land for every 100 students plus an additional 10 
acres for elementary schools, 20 acres for middle schools and 30 acres for high 
schools.51 Application of these guidelines has led to the construction of large schools in 
the outskirts of cities; thereby leading to large distances between home and school, 
especially for high school students.27 In the present study, the transition to secondary 
school was associated with a significant increase in distance and a marked decrease in 
the mode share of AST. Based on data from the National Household Travel Survey, 
McDonald8 estimated that only 20% of US students lived within 1.6 km (1 mile) from 
their school and argued that this situation greatly reduces the potential effectiveness of 
Safe Routes to School interventions. To address this issue, a recent policy statement 
from the American Academy of Pediatrics52 recommended that consideration be given 
to children’s ability to engage in AST in the process of determining the location of new 
schools. 

Policies can also be implemented to address some of the road safety barriers 
identified in the present study and in other investigations. For example, walking school 
buses can reduce parental safety concerns and foster AST and physical activity.53, 54 US 
schools located in states where crossing guards are required and in school districts with 
strong Safe Routes to School policies were more likely to implement walking school 
buses.55  
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In another US study, investigators asked the principals of over 600 schools to 
estimate the proportion of students who engaged in AST and collected information on 
state transportation laws.56 They found that more children engaged in AST in states that 
required the presence of crossing guards and lower speed limits around schools. In 
London (UK), the implementation of 20 mph (32 km/h) speed limits has led to a 49% 
decrease in road casualties among children.57 In addition, an evaluation of the California 
Safe Routes to School legislation has shown that urban form changes such as adding 
or improving sidewalks, traffic lights, pedestrian crossings and bike paths can lead to an 
increase in AST.58 In New York City, a 44% decrease in pedestrian injuries among 
school-aged children was observed in census tracts where Safe Routes to School 
interventions had been implemented while no changes were observed in control census 
tracts.59 

Limitations and strengths. The small sample size should be considered when 
interpreting the present findings for the following reasons. First, statistical power was 
small, potentially reducing the likelihood of observing significant associations; thus 
caution is needed in making a distinction between a lack of evidence of effect and 
evidence of no effect. Second, it was unfeasible to take advantage of the longitudinal 
study design by examining how changes in perceived barriers are related to changes in 
travel modes because of the even smaller number of participants who changed travel 
mode. Future studies should address this research gap to inform the development and 
refinement of AST interventions. Third, although walking and cycling may have distinct 
correlates, it was unfeasible to assess the correlates separately. Fourth, analyses were 
not adjusted for gender and other potential confounders (i.e. school, SES, car 
ownership). Such variables could moderate (or mediate) the relationship between 
perceived barriers and children’s AST.9 However, the mode share of AST did not differ 
between boys and girls in the present study. Finally, the low participation rate and the 
large proportion of parents who were university graduates suggest that the sample may 
not be representative of the Canadian population. Approval from school principals was 
mandatory before proceeding with data collection, and all primary schools that granted 
approval were included in the study. This may have led to a greater participation of 
schools located in higher SES neighborhoods. The longitudinal study design, and the 
school board requirement that incentives can not be offered to participants, may have 
contributed to the low participation rate. 

Nevertheless, the present study has important strengths. Of particular interest, 
the association between children’s travel mode and perceived barriers to AST was 
examined at the end of primary school and the beginning of secondary school among 
the same group of participants. Second, no other study has systematically compared 
the concordance between child- and parent-perceived barriers to AST before and after 
the school transition. Third, a wide variety of potential correlates of AST were 
considered, many of which have not been studied extensively. Furthermore, while 
several prospective studies have shown large decreases in physical activity levels from 
childhood to adolescence26, little is known about the influence of the school transition on 
AST. Only two studies have examined this question longitudinally60 (R. Larouche, 
University of Ottawa, unpublished manuscript) and both reported a decrease in the 
mode share of AST.  
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CONCLUSION 
To our knowledge, this pilot-study is the first investigation to examine the 

correlates of AST immediately before and after the transition from primary to secondary 
school within the same group of participants. The school transition might be an 
important period for promoting AST in order to attenuate the age-related decline in 
physical activity. Significant concordance was found between child- and parent-
perceived barriers to AST at baseline, but not at follow-up; this might be due to a 
novelty effect with respect to the route and the secondary school environment. In line 
with other studies, distance between home and school consistently emerged as the 
strongest barrier to AST. Road safety issues and the perception of having too much 
stuff to carry were other important barriers to AST. Children were also more likely to 
engage in AST when their parents reported that they chose their neighbourhood so that 
their children could easily walk or bike to school, indicating that future studies should 
take parental neighborhood selection into account. Together, the present findings 
should be useful in stimulating future research on this topic as well as informing the 
development (and refinement) of policy and program interventions to promote AST in 
primary and secondary schools. 
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ABSTRACT: 

Objectives: This longitudinal pilot-study examined the associations of neighbourhood 

walkability with active school transport (AST) and pedometer-determined physical activity (PA) 

immediately before and after the transition from primary to secondary school.  

Methods: Fifty-five grade 6 students were recruited from 4 primary schools in Ottawa in 

May/June 2012. They were asked to complete a diary indicating their mode of transport to/from 

school for 1 week and wear a SC-StepMX pedometer for 8 consecutive days. 48 study packages 

were returned at baseline and 29 at follow-up (September/October 2012). The Walk Score® 

application was used as a proxy for walkability around the home and around the school. The 

associations of walkability with AST and average daily step counts at both time points were 

respectively examined with binary logistic regression and linear regression models adjusted for 

gender. 

Results: At baseline, only walkability around the school was positively associated with AST 

(OR = 1.04). At follow-up, higher Walk Score ratings around the home and the school were both 

associated with greater odds of AST (OR = 1.12 and 1.29 respectively). Furthermore, walkability 

around the home was associated with higher step counts with a large effect size (η2 = 0.19).  

Conclusion: These preliminary findings suggest that walkability may be more important for 

secondary school students. Because no other longitudinal study has assessed whether the 

associations of walkability with AST and PA changes over time, larger prospective studies are 

warranted. 

  

RÉSUMÉ : 

 



 179 

Objectifs : Cette étude pilote longitudinale vérifiait l’association entre les quartiers favorables à 

la marche, le transport actif scolaire (TAS) et le niveau d’activité physique (AP) déterminé à 

l’aide d’un podomètre, immédiatement avant et après la transition de l’école primaire à l’école 

secondaire. 

Méthodes : En mai et juin 2012, 55 élèves de la sixième année ont été recrutés dans 4 écoles 

primaires d’Ottawa. On leur a demandé de remplir quotidiennement un journal de bord dans 

lequel ils devaient indiquer leur mode de transport pour se rendre à l’école et en revenir durant 

une semaine. Ils devaient également porter un podomètre SC-StepMX durant huit jours 

consécutifs. 48 trousses d’étude ont été retournées à la première étape et 29 lors du suivi en 

septembre et octobre 2012. L’application Walk Score® a été utilisée comme témoin pour 

déterminer si le milieu environnant le domicile et l’école était favorable à la marche. 

L’association entre les quartiers favorables à la marche, le TAS et le nombre moyen de pas faits 

dans une journée a été examinée respectivement aux deux étapes de l’étude à l’aide d’une 

régression logistique binaire et d’un modèle de régression linéaire ajusté selon le sexe. 

Résultats : À l’étape initiale, seul un milieu favorable à la marche autour de l’école était associé 

positivement au TAS (RC = 1,04). Lors du suivi, un indice Walk Score élevé aux alentours de la 

maison et de l’école était associé à une probabilité supérieure de TAS (RC = 1,12 et 1,29 

respectivement). De plus, un quartier favorable à la marche autour du domicile était associé à un 

nombre plus élevé de pas avec une taille d’effet élevée (η2 = 0,19).  

Conclusion : Ces observations préliminaires suggèrent qu’il peut s’avérer plus important pour 

les étudiants de l’école secondaire que leur milieu soit favorable à la marche. Puisqu’aucune 

autre étude longitudinale n’a été menée pour évaluer si l’association entre les quartiers 
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favorables à la marche, le TAS et le niveau d’AP varie au fil du temps, il serait justifié de 

procéder à de grandes études prospectives. 

 

Introduction 

Recent survey findings indicate that the majority of children and youth do not meet 

current physical activity (PA) guidelines, which recommend 60 minutes of moderate-to-vigorous 

physical activity per day [1,2]. Even in the pediatric population, insufficient PA levels are 

associated with detrimental health parameters such as cardiovascular disease risk factors [3,4], 

underscoring the need for interventions that promote PA. Since children and youth must travel to 

and from school on a regular basis, active school transport (AST; e.g. using non-motorized travel 

modes such as walking and cycling to travel to/from school) is regarded as a promising strategy 

to increase PA at the population level [5,6]. 

During the last two decades, there has been a rapid increase in the number of scientific 

studies assessing the association between characteristics of the built environment (i.e. density, 

land use mix, street connectivity, availability of sidewalks and cycle paths, etc.) and individuals’ 

active transport and PA levels [7]. Researchers have developed composite measures of 

neighbourhood characteristics that favour “walkability”, which refers to the potential for 

individuals to walk to local destinations [8,9].   

Measures of neighbourhood walkability have consistently been shown to be associated 

with adults’ travel mode and PA [10,11]. However, the evidence regarding the association 

between characteristics of the built environment and children’s AST and PA remains inconsistent 

[12,13]. In their systematic review of 14 studies that used objective measures of environmental 
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characteristics, Wong et al. found that distance between home and school was the only consistent 

correlate of AST [13]. 

Giles-Corti et al. [14] hypothesized that the influence of the built environment on AST 

and PA may be stronger in adolescents than in children because the former generally have 

greater independent mobility. This concept refers to the degree of freedom of children and youth 

to move around in public spaces without adult supervision [15]. To date, most studies that 

examined the association between the built environment and AST have only considered 

associations with individual characteristics rather than composite measures of walkability [13]. 

One US study found that characteristics of the built environment had a stronger association with 

walking in youth aged 12-15 years old compared to younger participants [16]; however the 

cross-sectional design is an important limitation of this study.  

Therefore, the objective of the present pilot-study was to examine the associations of 

neighbourhood walkability with AST and PA at the end of primary school (grade 6) and the 

beginning of secondary school (grade 7) among the same participants. The school transition is a 

major life event that coincides with a large decrease in PA [17]. It was hypothesized that the 

associations of neighbourhood walkability with AST and PA would be stronger in secondary 

school. 

 

Methods 

Participants and setting. Fifty-five grade 6 students were recruited from four primary schools 

in Ottawa (Canada) in May/June 2012 (33.3% response rate). Of these four schools, two were 

located in census tracts with high population density (3531-4100 inhabitants/km2), according to 

the 2006 Canadian census data [18]. The two other schools were located in lower density areas 
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(988-2159 inhabitants/km2), thereby providing variability in built environment characteristics. 

Parents indicated their child’s prospective school for grade 7 and either their phone number or e-

mail address for follow-up purposes. 48 children (24 girls and 24 boys) returned their study 

package at baseline and 29 (16 girls and 13 boys) at follow-up (September/October 2012). 

Ethical approval was obtained from institutional Research Ethics Boards and from the 2 

participating school boards. 

 

Measures At both time points, participants were asked to: 1) complete a travel diary indicating 

their mode of transport to/from school for each day during 1 week; 2) wear a SC-StepMX 

pedometer (Stepscount, Deep River, ON) on the right hip for 8 consecutive days; and 3) 

complete a log recording their daily step counts and the time the pedometer was worn during 

waking hours. This pedometer has been shown to be valid and reliable [19]. Parents of each 

participant indicated their postal code, which allowed for the estimation of neighbourhood 

walkability.  

 

Data treatment. Participants were classified as active travelers if they reported using active 

travel modes for at least 50% of school trips. This classification method showed very high test-

retest reliability over two consecutive weeks of measurement [20]. Pedometry data were 

screened based on established criteria including: 1) between 1,000 and 30,000 steps/day [21]; 2) 

≥ 10 hours of data/day [22] and 3) ≥ 3 days of valid data (e.g. meeting the daily wear threshold 

values) [23]. Application of these thresholds led to the exclusion of pedometer data from 2 

participants at baseline and none at follow-up. The postal codes provided by the parent were used 

as a proxy for residential address, based on evidence that Canadian postal codes are a suitable 
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proxy in urban areas [24,25]. The Walk Score® application (http://www.walkscore.com/) was 

used as an estimate of neighbourhood walkability around the participants’ residence (using postal 

codes) and around their school (using the street address) at both time points. The Walk Score is a 

composite measure of accessibility to a variety of destinations including schools, parks, shops, 

and public transit by walking. Amenities located within a 1.6 km linear buffer contribute to a 

location’s Walk Score, but amenities within a 400 meters buffer receive higher points than those 

within 800 meters, 1.2 km and 1.6 km buffers. Walk Score ratings range from 0 to 100 with 

higher values indicating greater walkability. A validation study has found strong correlations 

between Walk Score ratings and objective measures of the built environment (i.e. residential 

density, intersection density, street density, average block length and access to public transit) 

[26].  

 

Analyses. First, Pearson correlations assessed the association between Walk Score ratings 

around the home and around the school at both time points. Second, the associations of 

neighbourhood walkability with AST and average daily step counts at both time points were 

examined with binary logistic regression and linear regression models respectively, and adjusted 

for gender. The η2 statistic was used as a measure of the independent effect size of 

neighbourhood walkability within the regression models. Analyses were performed with IBM 

SPSS 20 and the probability of type I error was set at 5%.  

 

Results 

Descriptive characteristics of the participants at baseline and follow-up are provided in 

Table 1. Baseline data did not differ between participants who provided follow-up data and those 
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who provided only baseline data with respect to gender, Walk Score, AST and PA (all p > 0.49). 

Walk Score ratings around the home and around the school were significantly correlated at 

baseline (r = 0.70; p < .001) and follow-up (r = 0.53; p = .003); therefore, to avoid multi-

collinearity, separate models were done to assess the effect of walkability around the home and 

around the school. 

At baseline, Walk Score ratings around the home did not differ between active and 

inactive travelers (OR = 0.99; 95% CI = 0.96-1.03; p = .87), but children attending schools with 

higher ratings were more likely to engage in AST (OR = 1.04; 95% CI = 1.01-1.07; p = .03) 

(Table 2). At follow-up, higher Walk Score ratings around the home (OR = 1.12; 95% CI = 1.03-

1.21; p = .01) and around the school (OR = 1.29; 95% CI = 1.00-1.66; p = .05) were both 

associated with greater odds of AST. Of note, these odds ratios represent the change in the odds 

of AST associated with each unit increase in Walk Score. For instance, a 10-point increase in 

Walk Score around the home at follow-up would be associated with a 3-fold increase (OR = 

3.02) in the odds of AST.  

Table 3 illustrates the association between Walk Score and average daily step counts at 

both time points. At baseline, Walk Score ratings around the home and around the school were 

not associated with step counts (all p > .79). At follow-up, children living in more walkable areas 

were significantly more active (F = 5.21; p = .03) with a large effect size (η2 = 0.19), but no 

association was found for walkability around the school (F = 1.97; p = .17). In all regression 

models, boys were more active than girls (all p ≤ .04); however, there were no gender differences 

in travel modes at any time point (p ≥ .62). 

 

4. Discussion  
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The present pilot-study assessed the influence of neighbourhood walkability on AST and 

PA immediately before and after the transition from primary to secondary school, a major life 

event that has been understudied with respect to AST. At baseline, walkability measures were 

not associated with PA, and only Walk Score ratings around the school were associated with 

AST. At follow-up, Walk Score ratings around the home and the school were both strongly 

associated with AST. Walkability around the home was significantly associated to PA with a 

large effect size; however, this relationship was not found for walkability around the school. 

Despite some inconsistencies, these findings provide preliminary evidence supporting Giles-

Corti and colleagues’ [14] hypothesis that the influence of neighbourhood walkability on AST 

and PA levels is stronger in secondary school students than in primary school students.  

Previous systematic reviews have concluded that the evidence supporting associations 

between neighbourhood walkability (or different built environment constructs), AST and PA is 

inconsistent and that most included studies were cross-sectional [12,13]. Inconsistent findings 

could be due to many factors including methodological differences in the assessment of built 

environment characteristics [13,27] or PA levels [12] and failure to consider potential 

moderators such as age, gender, ethnicity and socioeconomic status [28,29].  

In addition, it has been suggested that the influence of built environment characteristics 

may be additive [7,30], so studies that examine individual characteristics instead of using a 

composite measure of walkability may underestimate the strength of observed associations. 

McDonald [31] reported that the direct influence of population density on AST was weak, but 

that higher density may lead to shorter distances between home and school, which is in turn 

strongly associated with AST. Furthermore, there may be complex interactions between barriers 



 186 

and facilitators of AST. For example, high density and street connectivity may be associated with 

both shorter distance to school and heavier traffic exposure [14].  

Another potential reason for the lack of association between Walk Score ratings and PA 

at baseline is that school journeys may account for a lower proportion of daily PA in children 

than in adolescents [32,33]. Primary school children may accumulate a greater proportion of 

their PA through active play than secondary school youth. Therefore, low density 

neighbourhoods with larger lots and cul-de-sacs may be more conducive to active play than high 

density neighbourhoods with heavy traffic and associated road safety concerns. In contrast, as 

children get older, active transport (not only to/from school) may become a more important 

source of PA; hence, walkable neighbourhoods could become increasingly important for 

fostering PA.  

The school transition might be a good time for interventions that promote AST because 

travel habits are likely to be modified due to changes in school location. In a Scottish study, 

travel habits explained a significant proportion of the variance in step counts during the trip to 

school over and above planned behaviour constructs (e.g. attitudes, subjective norms and 

perceived behavioural control) [34]. In addition, Panter et al. [29] suggested that parental safety 

concerns might become less influential in travel mode decisions as children acquire independent 

mobility.  

 The main limitations of this study are the small sample size and the low response rate 

suggesting that the sample population may not be representative of the general population. As a 

result, there may have been a selection bias with highly active children being more likely to 

participate at baseline. Furthermore, the small sample size precludes the adjustment of regression 

models for a larger range of socio-demographic variables that may influence travel mode choices 
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and PA patterns (i.e. parental education and employment status, car ownership). Children may 

have increased their level of PA when wearing a pedometer; however, a recent review of 

pedometer use among children reported conflicting findings regarding the issue of pedometer 

reactivity [35].  Thus, it remains unclear whether reactivity may have contributed to the observed 

changes in physical activity. However, the observed changes are consistent with the declines in 

physical activity commonly seen during this transitional period [17]. Many studies have shown 

that children are more active during summer months, thus the observed differences in step counts 

may be partially explained by seasonal variations [36]. In this study, the follow-up was done as 

early as possible in the school year to minimize seasonality bias. Interestingly, previous research 

in Toronto (Canada) has shown no seasonal differences in travel modes among 11-12 years old 

children [37]. The observed decrease in the proportion of participants engaging in AST may be 

attributable to a 50% increase in the distance between home and school across the school 

transition [20]. Although Walk Score ratings have been shown to be correlated with other aspects 

of the built environment (i.e. density, diversity and design), it may fail to capture characteristics 

associated with younger children’s travel and PA patterns. Finally, postal codes were used as a 

proxy of residential address as required by Research Ethics Boards. Nevertheless, previous 

research in Calgary (Canada) has shown that 87.9% of postal code locations were within 200 

meters of the true address location [24]. 

The main strength of the study is the assessment of neighbourhood walkability, AST and 

PA immediately before and after the school transition, a major life event usually characterized by 

a large decrease in PA levels. Moreover, walkability was assessed both around the home and 

around the school. The use of an objective measure of PA, rather than a questionnaire, is another 

important strength because using a questionnaire can lead to a large overestimation of children’s 
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PA level [38]. To our knowledge, only one other study has assessed the influence of the school 

transition on AST [39], but no associations of built environment characteristics with AST and 

PA were reported. 

 

Conclusion 

In this longitudinal pilot-study, the association between neighbourhood walkability (as 

assessed by the Walk Score application) and measures of AST and PA was stronger in secondary 

school compared to primary school. This suggests that neighbourhood walkability may be more 

important for supporting adolescents’ AST and PA levels. However, given the small sample size, 

future prospective studies are needed to confirm these findings. Since the school transition has 

been shown to coincide with a large decrease in PA [17], there is a need for studies to examine 

whether walkable environments can attenuate this decline. 
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Legends for Figures and Tables 

 

Table 1. Descriptive characteristics of the sample at baseline and follow-up. 

 

Table 2. Associations between neighbourhood walkability and participant’s primary travel mode 

at baseline and follow-up. 

 

Table 3. Associations between neighbourhood walkability and step counts at baseline and 

follow-up  
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Table 1. 

Variable Categories Baseline Follow-up 

Girls 24 16 Gender (n) 

Boys 24 13 

Active 27 (14G, 13B) 13 (8G, 5B) 

Inactive 19 (9G, 10B) 15 (7G, 8B) 

 

Travel mode 

Missing 2 (1G, 1B) 1 (1G) 

Distance (km) N/A 2.3 ± 2.4  3.9 ± 3.4 

Walk Score† around the home N/A 62.4 ± 17.8 62.0 ± 19.3 

Walk Score around the school N/A 62.0 ± 20.2 61.5 ± 27.8 

Overall 16,805 ± 3,744* 14,071 ± 3,680* 

Girls 15,235 ± 2,973 12,728 ± 3,301 

 

Average steps/day 

Boys 18,447 ± 3,820 15,415 ± 3,662 

Baseline data was collected in May/June 2012 and follow-up data was collected in September/October 2012. G = 

girls; B = boys. †Walk Score ratings range from 0 to 100 with higher scores indicating greater walkability. Walk 

Score ratings, distance and steps/day are presented as mean ± SD. * denotes statistically significant differences 

between boys and girls (p < 0.05). Two participants provided insufficient information to allow for the determination 

of their primary travel mode at baseline and one at follow-up.



 196 

Table 2. 

Time point Walk Score  Active travelers 

(mean SD) 

Inactive travelers 

(mean SD) 

OR (95% CI) p 

Home 61.5±17.4 62.8±18.8 0.99 (0.96-1.03) .87  

Baseline School 68.3±18.1 54.7±19.7 1.04 (1.01-1.07) .03 

Home 76.3±9.7 51.7±17.1 1.12 (1.03-1.21) .01  

Follow-up School 79.5±1.5 45.9±31.4 1.29 (1.00-1.66) .05 

Differences in Walk Score ratings between active and inactive travelers were assessed at baseline (May/June 2012) 

and follow-up (September/October) using binary logistic regression adjusted for gender.
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Table 3. 

Time point Walk Score  Variable F p η2 

Corrected model 4.28 .02 .19 

Walk Score 0.04 .85 <.01 

 

Home 

Gender 8.12 <.01 .18 

Corrected model 4.91 .01 .19 

Walk Score 0.71 .79 <.01 

 

 

 

Baseline  

School 

Gender 9.38 <.01 .18 

Corrected model 4.88 .02 .30 

Walk Score 5.21 .03 .19 

 

Home 

Gender 6.83 .02 .23 

Corrected model 2.99 .07 .21 

Walk Score 1.97 .17 .08 

 

 

 

Follow-up  

School 

Gender 5.02 .04 .18 

Physical activity was measured with SC-StepMX pedometers at baseline (May/June 2012) and follow-up 

(September/October); that is immediately before and after the school transition. 
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Chapter 8. General discussion 

 

As explained in the introduction, this dissertation had two overarching objectives: 1) to measure 

the relationships of AST with PA and health-related outcomes; 2) to examine the correlates of 

AST immediately before and after the school transition. Therefore, the following discussion 

consists of two main sections discussing the results of the six studies and situating them within 

the broader literature. Then, the limitations and strengths of the studies are summarized. Finally, 

the implications of the studies for future research and interventions are discussed. 

 

8.1 Relationships of active school transport with physical activity and health-related 

outcomes: 

 Studies 1 to 4 focussed specifically on the association of AST with PA and health-related 

outcomes, and the key findings are summarized in Table 2. The following sections discuss the 

associations of AST with: 1) PA levels; 2) body composition indicators; 3) cardiovascular 

fitness; 4) other measures of physical fitness and CVD risk factors. Then, a fifth section 

comments on the test-retest reliability of measures of AST, and a sixth one discusses the changes 

in AST and PA levels across the transition from primary to secondary school. 
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8.1.1 Association between active school transport and physical activity levels. While previous 

systematic reviews concluded that AST was associated with higher objectively-measured daily 

PA (Faulkner et al., 2009; Lee et al., 2008), almost all included studies were cross-sectional, and 

these authors emphasized that future studies should use stronger designs. Four intervention 

studies met the inclusion criteria of the present systematic review. Of these, 3 studies indicated 

that walking school bus interventions led to increased PA (Heelan et al., 2009; Mendoza et al., 

2011; Sirard et al., 2008). In contrast, McMinn et al. (2012) found no significant differences in 

daily PA between participants assigned to the experimental group (which received a classroom-

based intervention consisting of lessons and goal-setting activities led by their teacher) and those 

assigned to the control group. Of note, participants were 8-9 years old, so they likely had limited 

independent mobility, and this may have reduced the effectiveness of this educational 

intervention. 

Another important contribution of the present review is the systematic assessment of the 

quality of evidence using the Effective Public Health Practice Project tool (Effective Public 

Health Practice Project, 2011) for individual studies and the GRADE approach (Guyatt et al., 

2008a, b) for the overall quality of evidence. The present review also included both objective and 

subjective measures of PA. Of 49 studies that included a measure of PA, 40 have shown that 

children who engaged in AST were more active than those who were driven to/from school. 

Twenty eight of these studies have measured PA with accelerometers and the difference in PA 

between active and inactive travelers ranged from 0 to 45 minutes of MVPA. Notably, 12 out of 

14 studies using self-report instruments reported that active travelers were more active. 

Given that 81.6% of included studies (including 2 randomized controlled trials) found 

that active travelers were more active than passive travelers, that 2 studies had shown evidence 
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of a dose-response relationship (van Sluijs et al., 2009; Panter et al., 2011), and that 

accelerometers and pedometers are known to underestimate physical activity during cycling 

(Corder et al., 2007), it was concluded that the quality of evidence supporting an association 

between AST and higher daily PA is moderate. It was deemed premature to conclude that the 

quality of evidence is high because reported associations were often inconsistent across genders 

and/or age groups. 

Further, two original studies included in this dissertation have examined the association 

between AST and daily PA levels as measured by pedometers (Studies 2 and 4). In study 2, 

active travelers accumulated 662 more steps per day than inactive travelers, but this difference 

was not statistically significant (p = .23) and effect size was small (d = 0.19). It is worth noting 

that this study included a large proportion of participants recruited in rural areas. In comparison, 

previous Canadian studies have found that the contribution of AST to daily PA levels is lower in 

rural areas compared to suburban and urban areas (Pabayo et al., 2012b; Rainham et al., 2012). 

Of particular interest, Rainham and colleagues (2012) used a combination of global positioning 

systems and accelerometers to determine the relative contribution of different sources of PA to 

daily MVPA in adolescents living in rural, suburban and urban areas. They observed that active 

transportation in general accounted for the greatest proportion of MVPA in adolescents living in 

urban and suburban areas while the school was the greatest source of MVPA in adolescents from 

rural areas. It is possible that most children and youth attending rural schools live too far away to 

engage in AST, irrespective of their inclination toward PA in general.  

In study 4, the association between AST and PA levels was assessed immediately before 

and after the transition from primary to secondary school. Active travelers accumulated 1,118 

more steps/day than passive travelers in primary school, but this difference was not significant 
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and the effect size was small. This non-significant difference may be due to the low statistical 

power and to the limitation of pedometers in measuring PA during cycling (Corder et al., 2007). 

Indeed, cycling was the main travel mode of 10 of the 27 active travelers in primary school. At 

follow-up, the difference in step counts was almost twice greater than at baseline (2,207 

steps/day), and the effect size was large. This is a considerable difference as the Canadian 

Physical Activity Guideline of 60 minutes of daily MVPA corresponds to approximately 12,000 

steps/day (Colley et al., 2012). Similarly, two separate cross-sectional studies using comparable 

methodology suggest that the contribution of the journey to/from school to daily MVPA in 

British children is much greater in secondary school students compared to primary school 

students (Cooper et al., 2010; Southward et al., 2012).  

Furthermore, study 3 examined the association between active transportation for a 

broader range of destinations and accelerometry-measured PA in adolescents who participated in 

the nationally-representative 2007-2009 Canadian Health Measures Survey. Valid accelerometry 

data was available from 729 participants. Given the large sample size, it was possible to analyse 

walking and cycling separately (in contrast with studies 2 and 4). In analyses adjusted for age, 

gender and parental level of education, both walking and cycling were significantly associated 

with higher daily MVPA. However, differences in sedentary behaviour and light PA between 

levels of walking and cycling were not significant. These findings are consistent with those of 

Smith et al. (2012) who observed that children who engaged in active transportation to 

destinations other than school accumulated more minutes of accelerometry-measured MVPA. 

Dollman & Lewis (2007) also noted that children who engaged in AST were 30% more likely to 

actively travel to other destinations in their neighbourhood. Thus, AST may be part of a broader 

habit of walking and cycling. 
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In conclusion, the 3 original studies have shown that active travelers accumulate greater 

amounts of PA than inactive travelers, but in some cases the differences were not statistically 

significant. The systematic review has also highlighted some inconsistencies in the association 

between AST and PA, but overall the majority of studies have found that active travelers are 

significantly more active and that walking school buses interventions can lead to an increase in 

PA. Hence, these findings support the rationale for promoting AST as a source of physical 

activity and for implementing interventions such as walking school buses. 

 

8.1.2 Association between active school transport and body composition indicators. The 

systematic review identified 39 studies that assessed the association between AST and different 

body composition indicators. Of these, 22 found no significant relationship, 14 reported that 

active travelers had a more favourable body composition and 3 noted that active travelers had a 

less favourable body composition. Given the inconsistency of study findings, the quality of 

evidence was rated as very low, suggesting a need for future studies with stronger designs.  

Differences in BMI between travel modes were assessed in 38 studies of which 22 found 

no difference, 13 reported that AST was associated with lower BMI values and 3 reported the 

opposite. In study 2, active travelers were less likely to be overweight or obese and had 

significantly lower BMI values than inactive travelers (18.7 vs. 19.9 kg/m2) with a small effect 

size (d = 0.34). The difference in BMI remained significant in ANCOVA analyses adjusted for 

age, gender and step counts. In contrast, study 3 observed that levels of utilitarian walking and 

cycling were not associated with BMI.  

With respect to the relationship between AST and waist circumference, 4 out of 5 papers 

included in the systematic review found no significant associations with the remaining study 
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noting higher waist circumference in active travelers. In study 2, mean waist circumference was 

lower by 3.1 cm among active travelers with a small effect size (d = 0.29), but this difference 

was not statistically significant. In study 3, children who engaged in higher amounts of utilitarian 

walking had significantly higher waist circumference in univariate analyses, but this difference 

was no longer significant in analyses adjusted for age, gender and parental education. 

Conversely, adolescents who reported cycling for utilitarian purposes tended to have lower waist 

circumference, but this difference was not significant.  

Study 3 also included measurements of skinfold thickness, but no significant differences 

were found across levels of walking and cycling. In the systematic review, 4 of the 8 studies that 

assessed relationships between AST and skinfold thickness found that active travelers were 

leaner while the 4 other studies found no differences. 

Overall, the present research shows mixed evidence regarding associations between AST 

and body composition indicators. It is possible that for many children, the energy expenditure 

from AST is insufficient to have a meaningful impact on energy balance. These conflicting 

findings suggest that further research should monitor AST more precisely than simply asking 

participants to report their usual travel mode (Larouche & Saunders, 2012). The continuous 

measure of the volume of AST developed in study 4 might be useful in this regard. In addition, a 

few studies have found that cycling, but not walking was associated with more favourable body 

composition indicators (Bere et al., 2011; Østergaard et al., 2012), suggesting that analyses 

should be stratified by travel mode when possible.  

The lack of control for compensatory behaviours is another important limitation of the 

literature on the association between AST and body composition indicators. Individuals could 

compensate for the energy expenditure associated with AST in the rest of the day, either by: 1) 
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engaging in less physical activity (PA); 2) engaging in more sedentary behaviour; and/or 3) 

increasing their energy intake (Larouche & Saunders, 2012). While the present systematic review 

(along with studies 3 and 4) provide evidence that active travelers are more active overall, the 

associations of AST with sedentary behaviour and energy intake remain unclear. Of note, a 

review of studies employing the doubly-labeled water technique indicated that increases in PA 

are often offset by compensatory increases in food intake (Westerterp, 2010). PA interventions 

can also be offset by a decrease in non-exercise activity thermogenesis (e.g. the energy 

expenditure associated with the maintenance of body posture, fidgeting and movements 

excluding exercise), thereby limiting their impact on energy expenditure (Tremblay et al., 2007). 

 

8.1.3 Association between active school transport and cardiovascular fitness. The 

systematic review included 10 studies that examined the association between walking to/from 

school and cardiovascular fitness. Because Shephard (2008) has suggested that utilitarian 

walking might not be sufficiently intense to improve cardiovascular fitness in children and youth, 

results were compiled separately for walking and cycling in the 5 studies that made this 

analytical distinction. While one study reported that walkers were significantly fitter, the 4 other 

studies reported no differences in cardiovascular fitness between children who walked to/from 

school and those who were driven. Therefore, it was concluded that the evidence regarding the 

association of walking to/from school with cardiovascular fitness in children and youth is of very 

low quality. Study 3 also found no differences in cardiovascular fitness across levels of 

utilitarian walking.  

In contrast, all 5 studies that examined the association of cycling to/from school with 

cardiovascular fitness reported that cyclists were significantly fitter. Of particular interest, 
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children who started to cycle during the 6-year follow-up of the Danish arm of the European 

Youth Heart Study had a 9% greater VO2max compared to those who did not cycle at any time 

points. Given the consistency in study findings, the quality of evidence was rated as moderate. 

Experimental studies are warranted to further increase the quality of evidence. A randomized 

controlled trial was published after the last update of the systematic review search strategy, but it 

has suffered from compliance issues with many participants assigned to the control group 

starting to cycle to school (Børrestad et al., 2012). Irrespective of group allocation, there was a 

7.9% increase in VO2peak over a 12-week period. Study 3 has also shown that adolescents who 

engaged in utilitarian cycling had ~6-10% higher cardiovascular fitness than those who reported 

no cycling in unadjusted analyses. However, this association became non-significant in analyses 

adjusted for age, gender and parental education.  

 

8.1.4 Associations of utilitarian walking and cycling with other health indicators. Study 

3 was one of the first to assess the relationships of active transportation with indicators of 

physical fitness (other than cardiovascular fitness) in children and youth. The results indicate no 

association of levels of walking and/or cycling with performance on the sit and reach and grip 

strength tests. These findings are somewhat different from those of the Danish youth and sports 

study (Andersen et al., 2009). They reported that adolescents who cycled to school had better 

abdominal endurance and trunk flexibility (possibly due to the common use of road bikes by 

Danish adolescents), but there were no differences in muscle strength. In contrast, there were no 

associations between walking to school and physical fitness indicators. 

Study 3 is, to our knowledge, the first investigation on the relationships of walking and 

cycling with cardiovascular disease (CVD) risk factors in youth that considered the trip to school 
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as well as other destinations (work and errands). No associations were found between levels of 

walking and CVD risk factors. These findings are consistent with two prospective studies which 

reported no relationships between walking to/from school and CVD risk factors in participants to 

the follow-up of the Danish and Swedish arms of the European Youth Heart Study (Andersen et 

al., 2011; Chillón et al., 2012). However, Pizarro et al. (2013) observed that walking to/from 

school was associated with a lower likelihood of having a waist circumference greater than the 

90th percentile and HDL-cholesterol below 40 mg/dl in Portuguese children. 

With respect to the association between utilitarian cycling and CVD risk factors, Chillón 

et al. (2012) noted that cycling to school was associated with significantly greater estimated 

VO2max, but not with other health outcomes. Andersen and colleagues (2011) observed that 

children who started to cycle during the 6-year follow-up period had higher estimated VO2max, a 

better lipid profile and a lower clustered CVD risk score compared to those who did not cycle at 

any time point. Moreover, cross-sectional analyses indicated that, at baseline, 15 year old cyclists 

had higher estimated VO2max and lower values for triglycerides, total cholesterol/HDL ratio, 

fasting glucose, insulin resistance and clustered CVD score. In study 3, utilitarian cycling was 

associated with lower total cholesterol and total cholesterol/HDL ratio. 

Together, the findings of study 3 and those of the European Youth Heart Study suggest 

that in youth, cycling may have a greater effect on CVD risk factors than walking. This may be 

attributable to the higher PA intensity of cycling compared to walking (Shephard, 2008). Future 

experimental studies should assess whether AST interventions can lead to a better CVD risk 

profile. 
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8.1.5 Test-retest reliability of different measures of AST. An important limitation 

identified in the systematic review was the use of inconsistent approaches to categorize 

children’s school travel. For example, some studies classified individuals using AST only once 

per week as “active travelers” while other used more stringent criteria (i.e. at least 50% of trips). 

Thus, a key objective of study 4 was to develop a continuous measure of AST and assess its test-

retest reliability. The weekly volume of AST was determined as the product of the frequency of 

AST (e.g. the number of active trips per week) and the distance between home and school, which 

was estimated based on parent-reported postal codes. It showed high test-retest reliability over 2 

consecutive weeks of measurement (ICC = 0.87).  

Additionally, a categorical measure of AST was also used to facilitate comparison with 

other studies. Participant’s primary mode of transport (e.g. active vs. inactive) was determined 

based on the information from the diaries. Participants were classified as active travelers if they 

used AST for at least 50% of school trips. This measure also showed high test-retest reliability 

(kappa = 0.77), in line with other measures of individuals’ habitual travel mode and “hands-up” 

classroom surveys (Bere & Bjorkelund, 2009; Evenson et al., 2008; McDonald et al., 2011). 

 

8.1.6 Changes in active school transport and physical activity across the school 

transition. Study 4 assessed the changes in AST and PA across the transition from primary to 

secondary school. This major life event has repeatedly been shown to coincide with an important 

decrease in PA levels (Dumith et al., 2011; Sallis et al., 2000). Yet, only one study has 

previously examined changes in AST across this transition period (Cooper et al., 2012). They 

reported that the proportion of children walking to/from school decreased by 16.3% across the 

school transition in British youth. Moreover, daily MVPA increased by 16% in children who 
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started to walk to/from school in secondary school compared to those that were driven in primary 

and secondary school. MVPA decreased by a similar proportion in children who switched from 

active to inactive travel. 

Among children who engaged in AST at both time points, the average volume of AST 

increased from 6.9 to 11.1 km/week with a moderate effect size (Cohen d = 0.52); however this 

difference was not statistically significant, likely because of the limited statistical power. The 

50% increase in distance between home and school is likely a key contributor to the observed 

changes in the volume of AST. In contrast, an 11% decrease in the mode share of AST was 

observed across the school transition. These findings suggest that fewer children engaged in 

AST, but those who did so traveled greater distances. 

With respect to daily step counts, an average decrease of 2,507 steps per day was 

observed across the school transition. Supplementary longitudinal analyses indicated that the 

decrease in step counts was significantly smaller in children who engaged in AST at follow-up (-

966 vs. -4,048 steps/day; t = -3.180; p = .004). This relationship remained significant in a 

gender-adjusted ANOVA (F = 8.36; p = .008) with no gender by travel mode interaction, and the 

effect size was large (η2 = .27). Additionally, Carver et al. (2011) observed that the strength of 

the association between the frequency of active transportation (not restricted to the trip to/from 

school) and MVPA increased over time in an Australian longitudinal study. While the school 

transition occurred at one point during the follow-up period, the authors did not specifically 

assess its impact on AST and MVPA. Together, these findings suggest that AST may help 

attenuate the commonly-observed age-related decline in PA levels, but further studies with 

longer follow-up periods are warranted to confirm these findings. 
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On a related note, Bélanger and colleagues (2009b) examined the longitudinal trends in 

the practice of 29 different physical activities from grade 7 to 11. They found that walking was 

the only activity in which participation did not decrease in both genders. Longitudinal data from 

the Amsterdam Longitudinal Growth and Health Study (Van Mechelen et al., 2000) show that 

engagement in lifestyle-embedded PA (including active transportation) is more likely to be 

maintained into adulthood than sport and leisure-time PA. 

Promoting AST during childhood might be especially important given that previous 

research has shown that habits are a strong predictor of travel modes in children (Murtagh et al., 

2012) and adults (Gardner & Abraham, 2008; Lemieux & Godin, 2009). Commenting on this 

issue, Roberts (1995) argued: “With only a handbrake and a handful of birthdays between the 

passenger’s seat and the driver’s seat, it may be unrealistic to expect the chauffeured children of 

today to become the ambulant adults of tomorrow”. 

 

8.2 Correlates of active school transport:  

Despite its potential benefits, many studies have found that the mode share of AST is 

decreasing (Buliung et al., 2009; Costa et al. 2012; Cui et al., 2011; Grize et al., 2010; McDonald 

et al., 2011; Trang et al., 2012; van der Ploeg et al., 2008); thus, there is a need for studies to 

investigate the correlates of AST to inform the development of more effective interventions. In 

this regard, studies 5 and 6 aimed to address important research gaps with respect to the study of 

correlates of AST. Of particular interest, no earlier study had examined the correlates of AST 

immediately before and after the school transition in the same participants. The following 

sections discuss: 1) the concordance between child- and parent-perceived barriers to AST; and 2) 
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the correlates of AST, using the five levels of influence of the ecological model presented in the 

introduction.  

 

8.2.1 The concordance between child- and parent-perceived barriers to active school 

transport. Although recent theoretical models posit that children and youth may have some input 

into the travel mode decision making (Panter et al., 2008; Pont et al., 2011), few studies have 

simultaneously assessed child- and parent-perceived barriers to AST. In their literature review,  

Panter and colleagues (2008) identified only 2 studies that examined perceived barriers in both 

children and parents (Timperio et al., 2004, 2006), but the concordance was not reported. In their 

validation study, Forman et al. (2008) compared parents’ and adolescents’ perception of barriers 

grouped into three subscales (environmental, planning/psychosocial, and safety), and found high 

agreement for each subscale. A recent study noted that the perception of 5 different barriers was 

similar between children and parents, except in less walkable areas where parents expressed 

greater concerns (Napier et al., 2011). 

In the present study, children’s and parents’ perceptions of 19 different barriers were 

compared at baseline and follow-up. While significant correlations were observed for 14 items at 

baseline, there was much lower agreement at follow-up with only 4 significant correlations.  

Using the Forman (2008) subscales5, a similar pattern was observed using data from study 5. At 

baseline, children’s and parent’s perceptions were significantly correlated for the environmental, 

planning/psychosocial, and safety subscales (rho = .65, .53 and .49 respectively; all p < .01), but 

at follow-up, a significant correlation was found only for the environmental subscale (rho = .59; 

p < .01). These findings could be explained by a novelty effect because children and parents 

were probably less familiar with the route to/from school and the school surroundings at follow-
                                                 
5 Internal consistency values for these subscales are provided in Appendix 10. 
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up. Alternatively, it is possible that as children are granted more independent mobility, their 

parents may become less aware of their whereabouts, including the characteristics of the route 

to/from school.  

 

8.2.2 Personal characteristics. Study 4 was one of the first studies to examine the effect 

of the school transition on rates of AST, and a significant decrease in the mode share of AST was 

observed. These findings are consistent with cross-sectional reports which consistently indicate 

lower mode shares of AST in secondary school students in North America (Buliung et al., 2009; 

Evenson et al., 2003; Fulton et al., 2005; Pabayo et al., 2008). Similarly, data from the Canadian 

National Longitudinal Survey of Children and Youth shows an increase in AST up to 10 years of 

age followed by a marked decrease in adolescence (Pabayo et al., 2011). In contrast, Cooper and 

colleagues (2006) reported that 66% of 15 year old youth cycled to school compared to 38% of 9 

year old children in Odense (Denmark) while walking rates were similar between age groups 

(~20-25%). A longitudinal survey of Belgian children and youth has also shown that rates of 

cycling increase with age (Cardon et al., 2012). Together, these studies suggest that the influence 

of age (or school level) on AST vary by country. 

In study 3, the proportion of 16-19 year old adolescents who reported walking at least 5 

hours per week for utilitarian purposes was about twice as high as that of younger adolescents 

(29.2% vs. 14.7%). This suggests that utilitarian walking to/from destinations other than school 

may account for a larger proportion of older adolescents’ active transportation. In particular, 

active transportation to work is likely more common among the 16-19 year old age group. 

However, a slightly higher proportion of 16-19 year olds reported that they did not engage in any 

utilitarian cycling (83.7% vs. 77.7%) during the last three months. 
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In study 5, there were no gender differences in the mode share of AST, neither at baseline 

nor at follow-up. This finding differs from most North American studies which have reported 

that boys were more likely to engage in AST (Evenson et al., 2003; Fulton et al., 2005; Gropp et 

al., 2012; McMillan et al., 2006), but this should be interpreted with caution given the small 

sample size. Study 3 also demonstrated no gender differences in levels of utilitarian walking. 

However, almost 4 times more boys reported at least an hour of utilitarian cycling per week. 

These results are consistent with those of studies indicating that boys cycle 2-3 times more than 

girls (McDonald, 2012; Roberts et al, 1997). Similar gender gaps have been found in adults in 

countries where the mode share of cycling is very low such as Australia, Canada, the UK and the 

US (Pucher & Buehler, 2008; Garrard et al., 2012). Interestingly, women cycle as much as men 

in The Netherlands, Denmark and Germany where cycling is much safer and cycling 

infrastructure more developed (Pucher & Buehler, 2008). Girls also cycled as much as boys in 

Odense (Denmark) and Umeå (Sweden) (Cooper et al., 2006; Roberts et al., 1997). Previous 

research suggests that women are typically more risk-averse than men (Garrard et al., 2012), and 

that parents are more restrictive with respect to girls’ independent mobility (Valentine, 1997). 

Perceived convenience may also have a strong influence on travel mode decisions 

(Faulkner et al., 2010; Lorenc et al., 2008). In study 5, a greater proportion of inactive travelers 

reported that AST involves too much planning ahead, but this proportion did not significantly 

differ from that of the active travelers. However, at follow-up, motorized travelers were more 

likely to report that it’s easier for their parents to drive them on the way to something else 

(46.7% vs. 7.7%) compared to active travelers. There was a similar trend at baseline (44.4% vs. 

19.2%), but the difference was not significant.  
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8.2.3 Social environment. With respect to parent-perceived convenience, higher 

percentages of parents reported that “it is easier to drive” and that walking or biking to school 

“involves too much planning ahead” at both time points. However, these perceptions were not 

significantly associated with their child’s travel mode, probably because of the limited statistical 

power. Previous literature has shown that parent-perceived convenience is an important correlate 

of travel mode choices (Faulkner et al., 2010; McDonald & Aalborg, 2009; McMillan, 2007; 

Panter et al., 2010a). For instance, Faulkner et al. (2010) concluded that once parents have 

decided whether their child needs to be escorted to/from school, they choose the travel mode that 

they consider the quickest and most convenient. 

Previous research has also indicated that perceived social norms were associated with 

children’s travel mode (Lee et al., 2013; McMillan et al., 2007). For example, McMillan (2007) 

noted that children were 48% more likely to engage in AST when their parents perceived that 

their family would approve their decision to allow their child to walk to school. In study 5, few 

children and parents agreed with the two relevant questionnaire items (“no other children walk or 

bike to school” and “it is not considered cool to walk or bike”). Nevertheless, the percentage of 

parents reporting that no other children walk or bike to school was significantly higher in 

children using motorized travel mode at follow-up (20.0% vs. 0%).  

In contrast with previous studies (Evenson et al., 2003; Gropp et al., 2012; McDonald, 

2008; Pabayo et al., 2008, 2011), study 5 indicated few associations between household SES and 

children’s travel mode. This may be the result of the small sample size combined with limited 

variability in SES in this sample (e.g. most parents had university education and were working 

full time). However, children were more likely to engage in AST when their parents owned less 

than 2 cars at follow-up. This observation is consistent with earlier research indicating a negative 
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relationship between car ownership and the likelihood of AST (DiGuiseppi et al., 1998; Ewing et 

al., 2004; Gropp et al., 2012). 

In study 5, less than 10% of parents indicated that the presence of stray dogs or 

bullying/teasing were barriers to their child’s engagement in AST. In addition, few children and 

parents reported that AST is unsafe because of crime (e.g. strangers, gangs, drug dealers). 

Nevertheless, parent’s crime-related concerns were significantly associated with AST, but only 

at baseline. In their literature review, Panter et al. (2008) found conflicting evidence regarding 

the association between personal safety and AST. This could be due to many factors including 

the high prevalence of parental personal safety concerns (Timperio et al., 2004), and to the 

higher mode share of AST in low SES neighbourhoods which tend to have higher crime rates 

(Pabayo et al., 2012a; Rossen et al., 2011).  

Study 5 was also one of the first to examine the role of parental neighbourhood selection 

factors on children’s school travel. Two previous cross-sectional studies have noted that children 

were more likely to engage in AST if their parents reported that they chose to live in their current 

neighbourhood so that their children could walk to school (Lee et al., 2013; Mammen et al., 

2012). An important contribution of the present study is that this association was examined 

before and after the school transition and it was significant in both cases. In addition, children 

were more likely to engage in AST at follow-up if their parents chose their neighbourhood 

because “there are shops and restaurants you can walk or cycle to”. These results are consistent 

with studies of residential self-selection in adults (Frank et al., 2007; Handy et al., 2006), 

suggesting that future studies should control for parental neighbourhood selection where 

appropriate. 
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8.2.4 Public policies and institutional practices. At both time points, children were less 

likely to engage in AST when they reported that they have too much stuff to carry. This 

association was also found for parent reports at baseline, but not at follow-up. While few studies 

have examined this issue, the present findings are consistent with a survey of Texas parents (Lee 

et al., 2013) and with focus groups involving primary school children and parents in North 

Carolina (Ahlport et al., 2008). The quantity of material that children must carry to/from school 

likely depends to a certain extent on school practices. For example, using USB sticks and tablets 

instead of heavy textbooks could help minimizing backpack loads. Alternatively, the use of bike 

panniers could eliminate the need for children to carry heavy items on their back, and “cycling-

friendly” schools could facilitate this by providing space for safely storing bikes and panniers. 

Six percent of parents who participated in a large US survey indicated that school policies 

prohibited AST (Martin & Carlson, 2005). Similarly, some school principals whose school was 

involved in the Canadian Health Behavior in School-aged Children survey reported that bicycles 

were not allowed on school property (O’Loghlen et al., 2011). While study 5 did not specifically 

assess school policies, a greater provision of bike racks was observed in the schools located in 

denser census tracts than in the other schools (Richard Larouche, unpublished observations). 

Moreover, a greater percentage of inactive travelers agreed with the statement that there is 

nowhere to leave a bike safely around school, but this association was not statistically 

significant. 

Higher level policies may also influence rates of AST. For example, US researchers 

indicated that in states requiring crossing guards around schools, walking school buses were 

more likely to be implemented and principals reported higher rates of AST (Chriqui et al., 2012; 

Turner et al., in press). Furthermore, AST was more prevalent in states requiring lower speed 
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limits around schools (Chriqui et al., 2012). In contrast, school siting policies recommending that 

schools be built on large lots (e.g. Council of Educational Facility Planners International, 1991) 

may have a negative influence on the mode share of AST (Environmental Protection Agency, 

2003). Indeed, large schools are typically constructed in the outskirts of cities, where land is 

cheaper, leading to larger distances between home and school (Ewing et al., 2004). As a result, 

McDonald (2008) estimated that only about 20% of US students lived within 1.6 km from their 

school. This situation represents a major challenge to interventions that aim to increase the mode 

share of AST such as Safe Routes to School and walking school buses.  

 

8.2.5 Built environment. Literature reviews have concluded that there is consistent 

evidence showing that the mode share of AST decreases while distance between home and 

school increases (Panter et al., 2008; Stewart, 2011; Wong et al., 2011). For example, distance 

explained about 47% of the decrease in the mode share of AST in the US between 1969 and 

2001 (McDonald, 2007b). Given the very strong and consistent associations between 

objectively-measured distance and AST, recent studies have examined the correlates of AST 

among children and youth living within a distance assumed to be walkable (Gropp et al., 2012; 

Lee et al., 2013; Mammen et al., 2012). Of particular interest, Lee and colleagues (2013) used a 

case-control study design to assess the correlates of AST among children living within 2 miles 

(3.2 km) away from school. Children who walked or traveled by car were matched based on 

distance, and they lived fewer than 200 feets (61 metres) from each other (p = 0.99). Still, 

parents whose child walked to school were significantly more likely to perceive that the school 

was close enough for walking. This suggests that the perception of distance is associated with 

travel behaviours over and above objectively-measured distance.  
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In study 5, children’s and parents’ perception that the school is too far and objectively-

measured distance were both strong barriers to AST before and after the school transition. 

Moreover, the average objectively-measured distance increased by about 50% across the school 

transition, likely contributing to the observed decrease in the mode share of AST. The increase in 

distance across the school transition is consistent with the observation that secondary schools 

generally have larger catchment areas (Environmental Protection Agency, 2003).  

Previous systematic reviews examining the associations of other built environment 

constructs with AST and PA have generally reported conflicting findings (Ding et al., 2011; 

Wong et al., 2011). Many hypotheses have been proposed to explain these results. First, 

important methodological differences in the assessment of built environment characteristics 

(Wong et al., 2011) have been noted, including inconsistencies in geocoding, different buffer6 

size and shape, and discrepancies in the quality of road and infrastructure data. There may also 

be discrepancies between perceived and objective measures of the built environment (Ding et al., 

2011). For example, Lee et al. (2013) found that parents whose child engaged in active vs. 

inactive travel had different perceptions of their neighbourhood despite living in the same 

environment. Second, in their review of the literature, Ding et al. (2011) reported that measures 

of PA varied widely across studies. Estimates of PA levels differ markedly between self-reports 

and objective measures (Adamo et al., 2009). Third, Panter et al. (2008) argued that failure to 

account for potential moderators such as age, gender, and SES may partly explain the 

inconsistent evidence. Fourth, the influence of the built environement may vary depending on the 

context of physical activities, so an environment that facilitates leisure-time PA may be less 

conductive to AST (Giles-Corti et al., 2009). For example, although low density neighbourhoods 

                                                 
6 The buffer is the area within which built environment constructs are measured [see Wong et al. (2011) for review]. 
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with large lots and cul-de-sacs may facilitate active outdoor play, they may offer little 

destinations accessible by walking or cycling. 

In study 5, children who attended one of the two primary schools located in census tracts 

with higher population density were much more likely to engage in AST than those attending 

schools located in less dense census tracts, and this difference persisted at follow-up. In denser 

areas, it might be easier to provide neighbourhood schools in which a high proportion of students 

live within a walkable distance. For instance, McDonald (2008) reported that the direct influence 

of density on AST was very small. However, density was strongly associated with distance 

which, in turn, was the strongest correlate of AST. In study 5, the two primary schools located in 

denser census tracts also had higher Walk Score ratings (75 and 85) than those located in less 

dense census tracts (ratings of 35 and 60), and similar differences were found at follow-up.  

Study 5 also suggests that perceiving heavy traffic as a barrier to AST was generally 

associated with motorized travel to/from school, although the location of traffic-related concerns 

(e.g. along the route or around the home or around the school) tended to differ between children 

and parents. Many other studies have shown that road safety concerns were associated with 

reduced odds of AST (Carver et al., 2008; Kerr et al., 2006; Lee et al., 2013; Panter et al., 2010a; 

Voorhees et al., 2010), although null associations have also been reported (Carson et al., 2010; 

Timperio et al., 2004). 

Before and after the school transition, a greater proportion of inactive travelers and their 

parents reported that there are no sidewalks or bike lanes along the route; however, differences 

were statistically significant only for parent reports at follow-up. Several studies have found that 

perceived availability of sidewalks and/or objectively-measured sidewalk coverage was 

positively associated with AST (Ewing et al., 2004; Fulton et al., 2005; Gropp et al., 2012; Kerr 
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et al., 2006), although others reported no differences (Evenson et al., 2006; Mota et al., 2007). Of 

particular interest, an investigation of Safe Routes to School projects in California indicated that 

built environment changes such as adding or improving sidewalks, traffic lights, pedestrian 

crossings and bike paths can lead to an increase in AST (Boarnet et al., 2005). However, this 

study was limited by its retrospective design. 

At baseline, reporting insufficient lighting along the route was associated with engaging 

in motorized travel, but this association was not significant at follow-up. In addition, the 

percentage of respondents who reported dangerous crossings along the route was consistently 

higher among inactive travelers; however this difference was significant only for child reports at 

follow-up. Notably, an Australian prospective study found that youth whose parents perceived 

that there were sufficient pedestrian crossings in their neighbourhood were 2.5 times more likely 

to increase their frequency of AST over a 2-year follow-up period (Hume et al., 2009). 

Systematic reviews have observed that few studies have used composite measures of 

neighbourhood walkability (Ding et al., 2011; Wong et al., 2011). This is an important research 

gap because studies of adults have repeatedly found significant associations between measures of 

neighbourhood walkability and active transportation (Gauvin et al., 2005; Saelens & Handy, 

2008; Sallis et al., 2006, 2009). Furthermore, Sallis and colleagues (2009) have suggested that 

the influence of built environment characteristics on adults’ PA may be additive, suggesting that 

while individual characteristics may explain only a very small proportion of the variance in AST 

and PA, their combined explanatory power may be larger.  

In study 6, measures of Walk Scores around participant’s home (using parent-reported 

postal codes as a proxy for residential address) and the school that they attended were computed. 

Then, the associations of Walk Scores with AST and PA before and after the school transition 
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were assessed. At baseline, walkability around the school was associated with an increased 

likelihood of AST, but it was not associated with PA. Walkability around the home was 

associated with neither AST nor PA. However, at follow-up, higher Walk Score ratings around 

the home and the school were both related to an increased likelihood of AST, and the odds ratios 

were larger. Moreover, walkability around the home was associated with higher step counts, with 

a large effect size. These preliminary findings are supportive of Giles-Corti and colleagues’ 

(2009) hypothesis that neighbourhood walkability may have a stronger influence in adolescents 

than in children. 

Similarly, a US cross-sectional study reported that built environment characteristics were 

more strongly associated with walking in 12-15 years old youth compared to younger 

participants (Frank et al., 2007). Additional analyses indicated that the influence of built 

environment constructs on walking was weaker among non-white youth, those living in low-

income families and those whose parents did not own a car (Kerr et al., 2007). The authors 

argued that these individuals may have limited travel options; thus rendering characteristics of 

the built environment less relevant in terms of travel mode choices. In contrast, a US survey 

found no association between a measure of neighbourhood walkability (including residential 

density, intersection density, land use mix, and floor area ratio) and adolescents’ PA levels and 

BMI (Norman et al., 2006). In a survey of Belgian youth, a similar measure was associated with 

PA only in low-SES neighbourhoods, and it was not associated with AST (De Meester et al., 

2012).  

It is worth noting that these walkability measures are heavily influenced by correlates of 

adults’ travel mode choices such as density, diversity and design (see Cervero & Kockelman, 

1997 for theoretical model), whose influence on children’s travel patterns may be more complex. 
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For example, an Australian study found a strong interaction between traffic density and street 

connectivity (Giles-Corti et al., 2011). Specifically, in neighbourhoods with high connectivity 

and low traffic, children were 3.63 times more likely to engage in AST than in areas with low 

connectivity and high traffic. In contrast, high connectivity did not facilitate AST in 

neighbourhoods with heavy traffic.  

From a methodological point of view, the Walk Score algorithm considers a large range 

of amenities located within a 1.6 km linear buffer. However, amenities within a 400 meter buffer 

receive maximal points, and amenities located further away receive fewer points following a 

distance decay function (Aleisha Jacobson, personal communication). Interestingly, Mitra & 

Buliung (2012) recently reported that the influence of objectively-measured built environment 

constructs varies with the shape and the size of the buffer. In their study, the influence of the 

built environement was larger when using a 400 meter buffer compared to larger buffers. They 

also argued that when using larger buffers, the variance in built environment constructs may be 

reduced, thereby decreasing the likelihood of observing significant associations. Thus, the use of 

a distance decay function might be judicious. 

 

8.2.6 Physical environment. Study 5 included two perceived physical environment 

variables. First, children’s perception that they get too hot and sweaty was not associated with 

their travel pattern at any time points. However, children were more likely to use motorized 

travel modes when their parents perceived that they get too hot and sweaty. It is unclear whether 

parents were more likely to offer their child a ride on hot days. Second, no relationships were 

found between the perception that there are too many hills along the way and children’s travel 

mode at any time points. Given the relatively flat topography of the city of Ottawa, this result is 
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not surprising. Previous research has suggested that the presence of hills is a significant barrier 

only in specific cases such as for young children (Timperio et al., 2006) or for cycling (Ahlport 

et al., 2008). 

It is worth noting that the occurrence of seasonal variations in AST remains unclear. 

While Børrestad et al. (2011) reported a large decrease in cycling during the winter in Norway, 

the majority of cyclists switched to walking. In the Greater Toronto Area, walking rates 

remained stable in the winter while cycling was deemed too uncommon to be included in 

analyses (Mitra & Faulkner, 2012). Spontaneous and unplanned activities may be more likely to 

vary with season and weather conditions than scheduled activities such as organized sports 

(Bélanger et al., 2009a) and/or AST (Mitra & Faulkner, 2012). 

   

8.3 Limitations and strengths of the studies:  

8.3.1. Limitations. Several limitations should be considered when interpreting the present 

findings. In the systematic review, it was not possible to conduct a meta-analysis because 

included studies had used inconsistent measures of AST. In addition, studies in which PA was 

measured with accelerometers have used many different cut-points. In this regard, Cain et al. 

(2013) reported that cut-points used to determine MVPA with the Actigraph accelerometer in the 

pediatric population ranged from 400 to 3600 counts per minute. The use of cut-points 

corresponding to an energy expenditure greater than 4 metabolic equivalents (METs) may also 

lead to the categorization of most walking as light intensity PA; for example, the Compendium 

of Energy Expenditures for Youth (Ridley et al., 2008) assigns a 3.6 METs value for walking at a 

moderate pace. Moreover, despite known differences in PA intensity between walking and 

cycling (Shephard, 2008), many included studies have combined walkers and cyclists in their 
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analyses due to the low mode share of cycling and/or the small sample size. This limitation also 

pertains to studies 2 and 4. 

The cross-sectional design is an important limitation of studies 2 and 3 because it is not 

possible to determine the direction of the observed relationships. Hence, one may argue that fitter 

and more active children may be more inclined to engage in AST. However, randomized 

controlled trials have shown that the implementation of walking school buses led to increases in 

AST and PA (Mendoza et al., 2011; Sirard et al., 2008), and prospective studies have shown that 

switching from inactive to active travel can increase PA (Cooper et al., 2012; Saksvig et al., 

2012; Smith et al., 2012) and cardiovascular fitness (Andersen et al., 2011; Chillón et al., 2012). 

In studies 3 and 4, the difference in PA between active and inactive travelers may have 

been underestimated to some extent because pedometers and accelerometers are known to 

underestimate PA during cycling (Corder et al., 2007). Given the very low mode share of cycling 

in study 2, it is very unlikely that this limitation had an influence on the results. 

In study 4, the observed decline in PA levels across the school transition may be partly 

explained by seasonal variations in PA. Previous research shows that children and youth’s PA 

levels tend to vary markedly between seasons (Carson & Spence, 2010; Goodman et al., 2012), 

but a prospective study found that increases in PA during warmer months were insufficient to 

compensate for decreases during the winter, so that PA decreased by 7% per year in adolescence 

(Bélanger et al., 2009a). To minimize seasonal bias, follow-up data collection was conducted as 

early as possible in the school year (September and October).  

 The small sample size of the Active Transportation Transition Study (e.g. studies 4-6) has 

several implications. First, statistical power was low, thereby increasing the likelihood of type II 

error. Second, the sample may not be representative of the population and generalizability may 
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be limited given that all participating schools were in Ottawa and the parents were likely more 

educated compared to the broader population. Third, the small sample size limited adjustment for 

potential confounders (i.e. school clustering, measures of SES and car ownership). Fourth, 

despite the longitudinal study design, it was not feasible to assess the predictors of changes in 

travel mode across the school transition (only 3 participants switched from inactive to active 

travel modes, and 6 did the opposite). Similarly, in the broader literature, very few studies have 

assessed correlates of travel behaviour change (Hume et al., 2009). Thus, replication of this study 

design in larger samples is warranted to confirm the present findings. 

 On a different note, internal consistency was low for child-perceived barriers at baseline 

(Cronbach α values from .67 to .71) based on Forman and colleagues’ (2008) subscales 

indicating that children reports in primary should be interpreted with caution. 

 Finally, while Walk Score ratings provide a composite measure of neighbourhood 

walkability, it does not provide information on which objectively-measured built environment 

constructs are associated with AST and PA. Provided that sufficient funding is available, future 

studies should include both individual and composite measures of the built environment. 

 

 8.3.2. Strengths. The present studies also have important strengths. First, study 1 is, to 

date, the most comprehensive systematic review on the association of AST with PA and health-

related outcomes in children and youth. Specifically, it is the first systematic review on this topic 

that included: 1) intervention studies; 2) all measurements of PA; and 3) a systematic assessment 

of the quality of evidence. 

 In addition, studies 2, 3 and 4 have used objective measures of PA and body composition 

indicators. This minimized social desirability and recall biases that are common when using self-
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reported measures. Specifically, such biases can lead to an overestimation of PA levels and 

height, and an underestimation of body weight (Adamo et al., 2009; Connor Gorber et al., 2007). 

To date, study 3 is the largest study that assessed the association between active 

transportation and CVD risk factors in children and youth. Moreover, the three earlier studies on 

this topic have only considered the trip to/from school (Andersen et al., 2011; Chillón et al., 

2012; Pizarro et al., 2013). In addition, data collection occurred throughout the year, thereby 

minimizing the risk that population estimates of PA are biased by seasonal effects. 

 The Active Transportation Transition Study (e.g. studies 4, 5 and 6) was one of the first 

investigations of the influence of the school transition on rates of AST. The development of a 

reliable measure of the volume of AST addressed a key limitation highlighted in the systematic 

review. The results provide preliminary evidence suggesting that AST may contribute to 

attenuate the well-described age-related decline in PA levels. Other noteworthy contributions 

include the assessment of a wide variety of potential correlates of AST before and after the 

school transition including: 1) child- and parent-perceived barriers to AST; 2) household SES; 3) 

parental neighbourhood selection factors; and 4) neighbourhood walkability. Of particular 

interest, the influence of neighbourhood walkability on AST and PA levels was stronger after the 

school transition, suggesting that the influence of the built environment might be stronger in 

adolescents than in children. Another important contribution is the observation that children were 

more likely to engage in AST at both time points when their parents indicated that they had 

chosen to live in their neighbourhood so that their children could easily walk and cycle to school. 

This suggests that parental neighbourhood choices may have a long-lasting influence on their 

children’s school travel.  
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8.4 Directions for future research:  

 Because the vast majority of the research on active transportation in children and youth 

has focused solely on the trip to/from school, little is known about active transportation to non-

school destinations and how it relates to PA and health-related outcomes. Study 3 indicated some 

differences in levels of utilitarian walking and cycling according to gender and age groups. 

Specifically, older adolescents (16-19 year old) tended to report higher amounts of utilitarian 

walking than their younger counterparts (12-15 year old). This finding is in contrast with the 

literature showing that rates of AST are lower in high school students (Evenson et al., 2003; 

Fulton et al., 2005; Gropp et al., 2012; McMillan et al., 2006). This suggests that active 

transportation to non-school destinations may increase during adolescence, and this may provide 

an important source of PA in a period characterized by a steep decline in leisure-time PA 

(Dumith et al., 2011). Moreover, the correlates of active transportation may vary according to 

trip purposes, providing further rationale for considering children and youth’s travel to 

destinations other than school.  

 The results of study 4 suggested that AST may contribute to attenuate the age-related 

decline in PA levels. This underscores a need for future prospective studies with longer follow-

up periods. Additionally such studies could investigate changes in AST and PA levels associated 

with other important life events where large decreases in PA have been reported such as the 

beginning of post-secondary studies and entry into the labour market (Allender et al., 2008; 

Engberg et al., 2012; Larouche et al., 2012).  

 With respect to the promotion of AST, a recent systematic review identified 14 

intervention studies and their effectiveness has been heterogeneous, although most of them led to 

modest increases in AST (Chillón et al., 2011). Most interventions were limited by the absence 



 230 

of control groups; thereby precluding causal inferences. Also, most interventions were 

implemented in primary schools, so there is a clear need for future research on the development 

and evaluation of interventions aiming to increase AST in secondary school students. For 

example, adult-led walking school buses might be inappropriate for adolescents, but walking or 

cycling “buddy” systems could be a feasible way to foster social support for – and engagement in 

– AST in youth as well as in adults (Borghese et al., 2011). 

While several studies have investigated the correlates of children and youth’s current 

travel mode, research on travel mode behaviour change is particularly scarce (Hume et al., 2009), 

underscoring a need for future longitudinal studies. Of particular interest, the school transition 

may be characterized by a change in travel habits and increasing independent mobility. This 

could present a good opportunity to investigate the predictors of behaviour change to inform the 

development of more effective interventions. 

Related to this, further research is needed to explore mediators and moderators of travel 

mode choices. McMillan’s (2005) theoretical framework posits that variables such as traffic and 

neighbourhood safety and car availability can mediate the relationship between the built 

environment and AST. However, formal mediation analyses have seldom been performed 

(Stewart et al., 2011). Theoretical frameworks also identify variables such as age, gender, SES, 

distance and social norms as potential moderators (McMillan, 2005; Panter et al., 2008). In this 

regard, Panter et al. (2010a) found that distance moderated the associations of road safety and 

parental attitudes with children’s travel mode. Specifically, attitudes were generally more 

important for shorter trips whereas safety concerns were more influent for longer trips. This 

makes intuitive sense because longer trips entail greater exposure to traffic (Roberts et al., 1997). 
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Of particular interest, future studies should investigate whether independent mobility 

moderates or mediates the relationship between the theory of planned behaviour constructs and 

children’s travel patterns. Murtagh and colleagues (2012) found that intention and perceived 

behavioural control explained 10% of the variance in the number of steps accumulated during the 

trip to school in 8-9 years old children, and habit strength explained an additional 6%. However, 

at this age, children likely had limited independent mobility, and the proportion of explained 

variance might have been stronger in more autonomous children.  

The conceptual model presented in the introduction assumes that travel mode decisions 

are taken based on the characteristics of the environment (i.e. individual characteristics, the 

social environment, institutional policies and practices, built environment, and physical 

environment). However, there is a clear need for future studies to better understand the school 

travel decision-making process (Faulkner et al., 2010), especially the extent to which children’s 

input varies with age. A combination of qualitative and quantitative methodologies would be 

useful for this purpose. First, in depth interviews with parents and children could help to gain 

new insight into family interactions and the key elements underlying travel mode choices. 

Further qualitative work could help inform the development of more refined survey instruments 

to assess the decision-making process and other correlates of AST in larger samples. Then, 

intervention studies could be designed to address some of the key elements identified in this 

process. 

Additionally, the conceptual model suggests that engagement in active transportation has 

a positive impact on measures of environmental quality (i.e. greenhouse gases and vehicle 

exhaust gases emissions), to the extent that it replaces motorized travel (de Nazelle et al., 2011; 

Larouche, 2012; Litman, 2013; Marshall et al., 2010; Woodcock et al., 2009). Conversely, 
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participation in other forms of PA may have negative environmental impacts if it generates 

additional motorized trips (Litman, 2013). Therefore, environmental co-benefits may represent a 

plus-value for active transportation compared to other activities. In this regard, de Nazelle and 

colleagues (2011) emphasized that future studies should quantify the environmental co-benefits 

of active transportation interventions more accurately.  

The conceptual model also underscores that measures of environmental quality can 

influence health outcomes. For example, a scientific statement from the American Heart 

Association concluded that airborne particulate matter is associated with an increased likelihood 

of cardiovascular and respiratory disease (Brook et al., 2010). In addition, the short-term 

transport strategy that was put in place during the 1996 Atlanta Summer Olympic Games led to 

reduced pollution levels and to a decrease in hospital admissions for acute asthma events in 

children (Friedman et al., 2001). Future studies should assess the extent to which pollution 

reductions achieved through mode shifts from motorized to active travel may influence other 

health outcomes. 

 

8.5 Implications for interventions and policies: 

Given the increasing body of evidence showing that active transportation is associated 

with greater PA levels and other health-related outcomes, governments and organizations should 

promote utilitarian walking and cycling as an important, inexpensive, accessible and 

environmentally-friendly source of PA (Active Healthy Kids Canada, 2013; British Medical 

Association, 2012). Because children and youth must attend school 5 days per week, using active 

travel modes for at least part of the trip can be an easy way to integrate habitual PA into their 

lifestyle, and involvement in activities such as walking and cycling may be more likely to be 
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sustained throughout adolescence and into adulthood (Bélanger et al., 2009b; Van Mechelen et 

al., 2000). 

The Canadian Health Measures Survey analyses indicated that almost four times as many 

boys than girls engage in utilitarian cycling for at least an hour per week. These results suggest 

that interventions should be developed to promote cycling among girls. Given that no gender 

difference exists in countries were cycling infrastructure is safer and more expensive (Cooper et 

al., 2006; Garrard et al., 2012; Pucher & Buehler, 2008; Roberts et al., 1997), the development of 

safer cycling infrastructure may help alleviate the gender gap in Canada. While this may be 

viewed as expensive, research has shown that investments in cycling infrastructure are generally 

cost-effective (Cavill et al., 2008; Gotschi, 2011). 

Long distance between home and school has repeatedly been found to be a strong barrier 

to AST and it may deprive children from an opportunity to develop their independent mobility 

and to engage in PA. To address this situation, the recent Canadian child- and youth-friendly 

land-use and transport planning guidelines (Gilbert & O’Brien, 2010) recommend that urban 

planners and school administrators consider children’s travel to a greater extent. With respect to 

school trips, these guidelines recommend that “school policies and practices favour walking and 

cycling, and other modes of active transport for trips to and from school, and also regular public 

transport where this is available and appropriate”. This entails that efforts should be made to 

reduce children’s car travel as much as possible “because of poor in-vehicle air quality and 

opportunities lost to exercise, gain independence, and experience neighbourhoods”. In this 

regard, novel strategies could be developed for children who live beyond what is considered a 

walkable distance to accomplish at least a part of their school using AST. For example, as part of 

a Safe Routes to School intervention in Atlanta (Georgia), a church located 0.5 km away from 
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the school offered space for parents to park their car and walk with their children (Henderson et 

al., 2013). An advantage of developing such partnerships is that one does not have to wait for 

infrastructure projects to be completed. 

Three interventions included in the systematic review have found that walking school bus 

interventions led to increases in PA levels. Additionally, qualitative studies from New Zealand 

suggest that perceived benefits of walking school buses include social interactions with other 

children, traffic reduction, time savings for the parents, improved health, and the development of 

children’s road safety awareness (Kearns et al., 2003; Kingham and Ussher, 2007). However, the 

long term viability of such interventions may be compromised by the reliance on volunteers 

(Kingham and Ussher, 2005). Interestingly, Mammen and colleagues (2012) reported that 67% 

of parents who drive their children to/from school in the Greater Toronto Area indicated that 

they would be more likely to allow them to engage in AST if walking school buses were 

organized by the school. Implementation of walking school buses should be encouraged by 

governmental policies and facilitated by schools, and strategies to reward or recognize walking 

school bus “conductors” should be developed. 

Safe Routes to School programs can also be implemented to address the road safety 

barriers noted in study 5 and in the broader literature (Carver et al., 2008; Kerr et al., 2006; Lee 

et al., 2013; Panter et al., 2010a; Voorhees et al., 2010). These programs emerged in Denmark in 

the late 1970s, when the country had the highest rate of child pedestrian injuries in Europe 

(Appleyard, 2003). To address this issue, the city of Odense invested in the creation of an 

extensive network of pedestrian and bicycle paths, narrowed roads, added traffic islands, and 

mandated all of its 45 schools to identify and address specific road-safety issues. After ten years, 

child pedestrian and cyclist casualties had decreased by 80% and this program was implemented 
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at the national level. School travel planning was also very successful in the UK where pedestrian 

and cyclist casualties fell by 77% and 28% respectively (Appleyard, 2003). 

 In the US, $612 million have been invested in Safe Routes to School initiatives between 

2005 and 2009 (Watson and Dannenberg, 2008) and similar initiatives, albeit at a smaller scale, 

have been implemented in Canada (Bergeron et al., 2011; Green Communities Canada, 2010, 

2012). An evaluation of the impact of Safe Routes to School interventions has recently been 

conducted in New York City (DiMaggio & Li, 2013). The authors noted a 44% decrease in 

pedestrian injuries among school-aged children in “experimental” census tracts while no changes 

were observed in control census tracts. However, this study did not assess changes in travel 

modes. While not necessarily implemented with the objective of promoting AST, the 

introduction of 32 km/h speed limits in London (UK) has led to a 50% decrease in road 

casualties among children (Grundy et al., 2009). Such decreases in the risk of accidents could 

help alleviate parental road safety concerns. 

Analyses from the Canadian arm of the Health Behavior in School-aged Children survey 

indicated that 42% of schools were located on roads with speed limits greater than 60 km/h, and 

this proportion was as high as 91% for rural schools (O’Loghlen et al., 2011). Almost 40% of 

rural schools were located on a street without a sidewalk. Furthermore, less than 40% of 

surveyed schools reported having a designated car-free zone, organizing walk to school days and 

identifying safe routes to school in any way. These proportions are much lower than those noted 

in a British study (Panter et al., 2010b). 

At the international level, the United Nations General Assembly adopted a resolution that 

proclaimed a Decade of Action for Road Safety (2011-2020). This was accompanied by the 

publication of the 2013 Global Status Report on Road Safety (WHO, 2013) which indicates that 
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road accidents represents the 8th leading cause of death worldwide, and it may become the 5th 

cause by 2030 unless urgent action is taken. Emphasis is placed among other things on the 

adoption and enforcement of lower speed limits (especially in urban areas), and more stringent 

policies pertaining to drinking and driving. The report presents detailed data for most countries 

around the world and it may be used as a key tool to advocate for road safety legislations.  

Finally, additional efforts may be needed to raise awareness about existing programs and 

interventions aiming to promote AST. Indeed, previous research in the Greater Toronto Area has 

indicated that parental awareness of AST programs in elementary school is very low, but 

awareness is positively associated with children’s engagement in AST (Arbour-Nicitopoulos et 

al., 2011). Social marketing campaigns could be useful in this regard. Similarly, given that active 

transportation may become an increasingly important source of PA in adolescents, social 

marketing campaigns could also be used to promote walking and cycling.  
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Conclusion 

 

 In conclusion, the vast majority of studies examining the association between AST and 

daily PA have shown that active travelers were more active, including 3 intervention studies of 

walking school buses. In addition, active trips to/from other destinations (i.e. work and errands) 

may also be an increasingly important contributor to adolescents PA levels. The Active 

Transportation Transition Study suggests that engagement in AST may help to attenuate the age-

related decline in PA levels, although future studies with larger samples and longer follow-up 

periods are warranted to confirm this finding. Therefore, AST should be promoted as an 

important source of PA in children and youth.  

 Engagement in AST may also be associated to other health-related outcomes in children 

and youth. For example, the systematic review shows that cycling to/from school is consistently 

associated with higher cardiovascular fitness. A similar trend was observed in the secondary 

analyses from the Canadian Health Measures Survey, but this association was no longer 

significant in models adjusted for confounders and multiple comparisons. However, these 

analyses have shown that utilitarian cycling was associated with a more favourable lipid profile, 

as reflected by lower values for total cholesterol and total cholesterol/HDL cholesterol ratio. 

 Nevertheless, only 25-35% of Canadian children and youth regularly engage in AST, and 

several studies have reported that the mode share of AST has decreased markedly during the last 

few decades. These trends suggest that many barriers need to be addressed. In this regard, there 

is consistent evidence showing that distance between home and school (either perceived or 

objectively-measured) is the strongest correlate of AST. Changes to school siting policies and 

urban planning practices will likely be needed to reduce distance, but in the meantime, strategies 



 238 

can be developed to encourage children and youth to do at least a portion of their school trip 

using AST. 

 Still, a sizable proportion of children who live within a walkable distance do not engage 

in AST. Despite the small sample size, the present research identified several associations 

between children- and parent-perceived road safety concerns and a higher proportion of 

motorized trips. Programs such as walking school buses and Safe Routes to School, as well as 

the implementation of traffic calming measures may help to address these concerns. In addition, 

the perception of having too much stuff to carry was associated with motorized travel, suggesting 

that strategies to reduce backpack load and/or use more efficient means to carry the loads (e.g. 

bike panniers) may be useful. The present dissertation also suggests that future studies should 

continue to monitor car ownership as a correlate of AST, and further consider the role of parental 

neighbourhood selection factors in predicting children’s travel mode. 

 Finally, the association of neighbourhood walkability with AST and PA was stronger in 

secondary schools compared to primary schools. To date, no other longitudinal study has 

examined whether the associations of walkability with AST and PA changes over time; thus 

future prospective studies are warranted. There is also a clear need for additional research on 

active transportation to/from non-school destinations which might become an increasingly 

important source of PA during adolescence. 
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Appendix 1. Contributions 

 

Study 1. All authors contributed to the search strategy with input from a professional librarian 

(Dr. Margaret Sampson). Richard Larouche executed the search strategy, examined the resulting 

papers for inclusion/exclusion criteria, extracted relevant information from the included papers 

and assessed the quality of evidence of included papers. Travis Saunders examined the resulting 

papers for inclusion/exclusion criteria, and performed duplicate data extraction and quality 

assessment for a subsample of papers. Richard Larouche wrote the first draft of the manuscript 

and all authors reviewed the manuscript and provided feedback. A consensus was reach between 

all authors for the attribution of GRADE ratings.  

 

Study 2. Richard Larouche was involved in data collection, conducted all data analyses and 

wrote the first draft of the manuscript. Meghann Lloyd and Mark Tremblay designed the study, 

obtained funding, and completed the REB screening process. Emily Knight was the research 

coordinator for the study, and Meghann Lloyd was involved in data collection. All authors 

reviewed the manuscript and provided feedback. 

 

Study 3. Richard Larouche obtained approval from Statistics Canada to perform secondary data 

analyses at the University of Ottawa Research Data Center and wrote the first draft of the 

manuscript. Mark Tremblay has been employed by Statistics Canada for the design of the 

CHMS. All authors were involved in the design of the analyses, reviewed the manuscript and 

provided feedback. 
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wrote the first draft of the manuscripts. Richard Larouche and Mark Tremblay obtained ethics 

approval from the University of Ottawa and Children’s Hospital of Eastern Ontario REBs and 

from the Ottawa-Carleton Research Advisory Committee (Appendix 3-5). All authors were 

involved in the design of the study, reviewed the manuscripts and provided feedback. 



 270 

Appendix 2. List of abbreviations 

 

AST: Active school transport 

BMI: Body mass index 

CAPL: Canadian Assessment of Physical Literacy 

CHMS: Canadian Health Measures Survey 

CVD: Cardiovascular disease 

MVPA: Moderate-to-vigorous physical activity 

PA: Physical activity 

REB: Research Ethics Board 

SES: Socioeconomic status 

UK: United Kingdom 

US: United States 
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Appendix 3. University of Ottawa Research Ethics Board (REB) approval 
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Appendix 4. Children’s Hospital of Eastern Ontario REB approval 
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Appendix 5. Ottawa-Carleton Research Advisory Committee approval  
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Appendix 6. Transportation diary 

ID:  _________________________ 
 

Date: ________________________ 

                
 
 
Can you draw an X in the table below to indicate how you travelled to school on each day of the 
week? (If you missed school, please don’t put an X) 
 
 Walk Bike Skateboard Roller-blade Car Bus Other 
Monday         
Tuesday        
Wednesday        
Thursday        
Friday        
 

         
 
Can you indicate by an X in the table below how you travelled back home on each day of the 
week? (If you missed school, please don’t put an X) 
 
 Walk Bike Skateboard Roller-blade Car Bus Other 
Monday         
Tuesday        
Wednesday        
Thursday        
Friday        
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Appendix 8. Parent/guardian travel questionnaire 

How does your child usually gets to and from school? Please write down the number of 
days per week. For every line, the total must add up to 5. 
 

Season Travel 
direction 

Walk Cycle By car By bus / 
public transit 

Other Total 

To school      = 5 days Spring 
(April-
June) From 

school 
     = 5 days 

 
** If you have written “other”, please specify which mode of transport it is: 
____________________ 
 
PART B: TELL US ABOUT YOUR HOUSEHOLD 
 
1) Do you speak a language other than English at home? 
 n yes 

n no 
 

2) What is this language? ________________ 
(For example: French, Spanish, Arabic, Mandarin, etc.) 

 
3) How many automobiles in working order (e.g., cars, trucks, vans, SUV’s) are there in 

your household?  
n none  
n one  
n two  
n three  
n four or more 

 
4)   Does your child own or have access to a bicycle? 

nYes  
n No 
 

5)  In total, how many children live in your household? _____________ 
  
 Please list the number of children in the following age groups: 

0-3 years: _________ 
4-5 years: _________ 
6-9 years: _________ 
10-11 years: _______ 
12-13 years: _______ 
14-15 years: _______ 
> 16 years: ________ 
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6)    My family is a: 
n two-parent family 
n single-parent family 
n other, please describe your family: ______________________________________ 

 
7)   What is the highest level of education that the child's father has completed? 

n elementary school (grades 1-8) 
n secondary school (grades 9-12) 
n college 
n university 
n graduate school 
n not applicable 
 

8)    What is the highest level of education that the child's mother has completed? 
n elementary school (grades 1-8) 
n secondary school (grades 9-12) 
n college 
n university 
n graduate school 
n not applicable 

 
9)    Currently, the child’s father is? 

n employed full-time 
n employed part-time 
n student full-time 
n student part-time 
n at home with children 
n without paid employment 
n not applicable ___________ 

 
10)   Currently, the child’s mother is? 

n employed full-time 
n employed part-time 
n student full-time 
n student part-time 
n at home with children 
n without paid employment 
n not applicable ___________ 

 
Can you indicate your postal code on the line below? [We will only use this information to 
estimate the distance between your residence and your child’s school] 
__________________________ 
 
Can you indicate your home phone number and the name of the school your children will go to 
next year to ensure that we can contact you in September? 
 
Phone number: ________________   School:___________________________
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PART C: TELL US IF YOU THINK THAT YOUR CHILD FACES THE FOLLOWING 
BARRIERS TO WALKING OR BIKING TO SCHOOL 
 
Please indicate your level of agreement with the statements written in the table below.  
Please CHECK (√) ONE number only. 
 

Statements  

(It is difficult for my child to walk or bike to 
school because…) 

1 

Strongly 
disagree 

2 

Somewhat 
disagree 

3 

Somewhat 
agree 

4 

Strongly 
agree 

There are too many hills along the way     

There are no sidewalks or bike lanes     

The route is boring     

The route does not have good lighting     

There is too much traffic along the route     

There is too much traffic around our home     

There is too much traffic around the school     

There is one or more dangerous crossing     

My child gets too hot and sweaty     

No other children walk or bike to school     

It’s not considered cool to walk or bike     

My child has too much stuff to carry     

It is easier for me to drive my child here on the 
way to something else 

    

It involves too much planning ahead     

It is unsafe because of crime (strangers, gangs, 
drugs) 

    

My child gets bullied, teased, harassed     

There is nowhere to leave a bike safely     

There are stray dogs     

It is too far     

Note: added elements are written in italic. 
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PART E: TELL US ABOUT HOW YOU CAME TO LIVE IN YOUR 
NEIGHBOURHOOD 
 

The following statements describe some common reasons why a household might choose to live 
in a neighbourhood. Please tell us which ones applied to your household’s neighborhood choice. 
Please CHECK (√) ONE number only. 1 = you agree completely; 5 = you completely disagree; 
3 = you are not sure 
 

Strongly 
Agree 

Somewhat 
Agree 

Neither Agree 
nor Disagree 

Somewhat 
Disagree 

Strongly 
Disagree 

Questions 

1 2 3 4 5 
1) We have chosen to live in this 

neighbourhood because we like some 
aspects of its built environment, such as 
the street layout, the organization of 
buildings along the streets, the green 
spaces & parks, etc. 

     

2) We have chosen to live in this 
neighbourhood because we like some 
aspects of its social environment, such 
as proximity to friends and family 

     

3) It was one of the few neighbourhoods 
we could afford to live in 

     

4) We have chosen to live in this 
neighbourhood because it is easy for our 
child(ren) to walk or cycle to school 

     

5) We have chosen to live in this 
neighbourhood because it is a 
convenient location with respect to work 

     

 
6) 
 
 
 

If you answered strongly agree or somewhat agree to question 5, please complete the next question:  
Which one of the following applies to you? 
 
n your work is conveniently located 
n your spouse/partner’s work is conveniently located 
n both of the above 

Strongly 
Agree 

Somewhat 
Agree 

Neither Agree 
nor Disagree 

Somewhat 
Disagree 

Strongly 
Disagree 

Questions 

1 2 3 4 5 
7) We have chosen to live in this 

neighbourhood because it is a 
convenient location with respect to our 
household’s non-work activities, such as 
shopping, exercise, parks, etc. 

     

8) We have chosen to live in this 
neighbourhood because there are shops 
and restaurants you can walk or cycle to 
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Appendix 9. Child questionnaire on perceived barriers to active school transport 

Please indicate your level of agreement with the statements written in the first column of 
the table below.  
Please CHECK (√) ONE number only. (1 = you strongly disagree; 4 = you strongly agree) 
 

Statements  

(It is difficult for me to walk or bike to school 
because…) 

1 

Strongly 
disagree 

2 

Somewhat 
disagree 

3 

Somewhat 
agree 

4 

Strongly 
agree 

There are too many hills along the way     

There are no sidewalks or bike lanes     

The route is boring     

The route does not have good lighting     

There is too much traffic along the route     

There is too much traffic around our home     

There is too much traffic around the school     

There is one or more dangerous crossing     

I get too hot and sweaty     

No other children walk or bike to school     

It’s not considered cool to walk or bike     

I have too much stuff to carry     

It is easier for my parents to drive me on the way 
to something else 

    

It involves too much planning ahead     

It is unsafe because of crime (strangers, gangs, 
drugs) 

    

I get bullied, teased, harassed     

There is nowhere to leave a bike safely     

There are stray dogs     

It is too far     
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Appendix 10. Internal consistency of perceived barriers to active school transport 

 

Period Individual Subscale Subsample (n) Mean (SD) Cronbach α 
Environment 42 1.75 (.58) .67 

Planning 42 1.44 (.45) .69 
 

Child 
Safety 43 1.29 (.52) .71 

Environment 40 1.63 (.69) .84 
Planning 38 1.35 (.47) .73 

 
 
 

Baseline  
Parent 

Safety 40 1.12 (.29) .67 
Environment 28 1.74 (.68) .83 

Planning 29 1.49 (.52) .77 
 

Child 
Safety 29 1.38 (.65) .89 

Environment 28 1.77 (.73) .80 
Planning 27 1.45 (.74) .88 

 
 
 

Follow-up  
Parent 

Safety 27 1.20 (.34) .60 
Note: Children and parents completed Forman’s (2008) 17-item questionnaire on perceived barriers to AST from 
which three subscales are derived. The Likert-type statements range from 1 (strongly disagree) to 4 (strongly agree). 
Cronbach’s alpha (α) was computed among the subsample of participants who responded to all items included in the 
subscales.    


