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ABSTRACT 

Decline in children’s participation in active school transportation (AST) has drawn attention of 

those concerned with children’s health and wellbeing. Recent researcher has shown links 

between built environment, individuals’ psychological and social behaviour, and AST. However, 

no known research has empirically evaluated their hypothesized relationship simultaneously. 

This study explored the association between the built environment, parental perceptions of 

traffic safety and walking environment, sociodemographic characteristics, and AST. Structural 

equation modeling was employed to quantitatively analyse data on 720 students and their 

parents, collected from 16 elementary schools in Toronto, Ontario. Findings of this study add 

new knowledge to the existing literature. Parental perception of the neighbourhood walking 

environment was found to play a noteworthy role; but the perception of traffic safety had no 

effect on children’s odds of walking to school. Additionally, dissonance was found between 

parental subjective views and the objective built environment characteristics. Evidently, AST 

mode choice is a multilevel and complex process. Suggested improvements include 

development of new school level programs founded in new City-level children specific policies. 

Keywords: Active school transportation, children, parental perceptions, traffic safety, walking 

environment, planning. 
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Chapter 1: Introduction 

Active Transportation is the engagement in physical activity (PA) for making trips using one or 

several human-powered modes of transportation such as walking or cycling (Sallis et al., 2004; 

PHAC, 2013). Many studies have highlighted that PA, as structured exercise or unstructured 

movement and play, not only improves children’s physiological health, but also enhances their 

cognitive abilities (Tomporowski et al., 2008; Bürgi et al., 2011). Furthermore, the belief is that 

children who acquire patterns of PA at a younger age are more likely to carry forward this 

healthy lifestyle and its benefits over their life span (Sylvia-Bobiak & Caldwell, 2006; Thompson 

et al., 2008).   

Guidelines in Canada recommends 60 minutes of moderate-to vigorous-Intensity  physical 

activity (MVPA) a day for children and youth (CSEP, 2011), which can be achieved through 

combinations of playful and recreational activities, physical education activities, and active 

transport. Active school transportation (AST), i.e. walk, cycle, skate, and skateboard etc. to and 

from school, is an important contributor to the recommended daily physical activity levels for 

children and youth (Sirard & Slater, 2008). From a study conducted in 2006 in Derby (UK) on a 

large number of school going children, Daly-Smith et al (2011) assert that children’s AST 

contributes to 18.4 ± 16.4 minutes of MVPA per day. Similarly, in a research conducted in 

Bristol (England), Southward et al. (2012) found that AST contributes to 33.7% of daily 

requirement of MVPA. Research also indicates that these trips can add to a child’s social 

interaction activity for the day (Cooper et al., 2003; Metcalf et al., 2004). On the other hand, 

children with sedentary lifestyle are prone to overweight and obesity, which increases the risk 

of a number of adverse health conditions including Type 2 diabetes (Al Mamun et al., 2009), 
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high cholesterol levels, cardiovascular complications (Thompson et al., 2007; Siervo et al., 

2012), and unfavourable musculoskeletal conditions (Haukka et al., 2012).  

Despite of the stated benefits of PA and AST and the risks of sedentary behaviour, majority of 

Canadian children and youth are still considered insufficiently active to enjoy its long-term 

health benefits; only 7% of which are meeting current guidelines (AHKC, 2012). With regard to 

AST uptake, a recent study in the Greater Toronto Area suggests that between 1986 and 2006, 

walking to school has declined from 53% to 42% for ages 11-13, and from 39% to 31% for ages 

14-15 (Buliung et. al, 2009). The decline in AST levels has consequences for the environment 

and health; thus improving AST participation in children and youth is important for the future 

health of younger population.  

1.1 Research Problem: 

Urban planners, researchers from public health field, and practitioners believe that built 

environment plays a major role in facilitating AST. Consequently, a large number of studies 

have investigated association of neighbourhood built environment with children’s school travel 

behaviour. Recent research has conceptualized that the built environment informs parental 

perceptions of the neighbourhood environment, which impact household decisions related to a 

child’s school travel mode (McMillan, 2005; Mitra, 2013). However, no known study has 

empirically examined these hypothesized relationships between the objectively measurable 

built environment features, parental perceptions, sociodemographic characteristics, and AST in 

a single study. Integrating and examining all these factors into a single study would not only 

help testing a conceptual research framework, but is also methodologically important. It 

eliminates confounding results by controlling for other variables while investigating the effect 
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of one factor. For example, controlling for household level characteristics would allow 

examining the correlation of built environment features and parental perceptions on the rates 

of AST under different sociodemographic conditions. Additionally, an advanced understanding 

of the link between built environment and individuals’ psychological and social behaviour is 

necessary to develop policy level interventions that promote AST.   

This study used Mitra’s (2013) Behavioural Model of School Transportation framework as 

guideline to examine school travel behaviour amongst young children. Using structural 

equation modelling technique to the data collected from Toronto, Canada, this study aimed to 

address following research question:  

What is the relationship between the built environment and parental perceptions of the 

traffic safety and neighbourhood walking environment, as they relate to children’s 

school travel behaviour? 

Based on Toronto specific findings, the study recommended changes to the City policies and 

interventions that would prove helpful in changing children’s school travel behaviour.  

1.2 Document organization 

This paper is divided into six chapters. Chapter one serves as an introduction to the topic 

stating the importance and purpose of current study and research problem. The second chapter 

provides a literature review of the theoretical approaches towards children’s AST and highlights 

research gaps. Chapter three describes research design, data, study variables, and statistical 

analysis approach. The fourth chapter discusses results and interpretations. Fifth chapter 

recommends policy level interventions. Sixth and final chapter draws conclusion and states 

limitations of this study.  
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Section 2: Literature Review 

Research on the determinants of children’s Active School Transportation (AST) has grown 

rapidly during the past five years. Studies on the active transportation behaviour have 

employed variety of approaches to understand patterns of children’s school travel mode choice 

(Mitra, 2013). An understanding of the theoretical perspectives and various determinants, 

within which AST has been explored in the past, is necessary to suggest future interventions.   

2.1 Theoretical Foundation of Research on AST 

Transportation/urban planning has explored ‘‘non-motorized transport’’, in the form of walking 

and cycling, for utilitarian purposes in the early studies (Sallis et al., 2004). Early research from 

this field was largely based on the consumer choice theory framework, where travel choice 

decisions are rationalized by economic way of thinking i.e. to maximize trip utility (Mitra, 2013). 

Mainly driven by the need to reduce auto use and pollution, the early studies assumed that 

neighbourhood design and land use affects active transportation behaviour by contributing to 

the utility of a trip. Early transportation models have explored impact of proximity (e.g. 

distance, land use density and mix) and route directness (e.g. destination connectivity), within 

the consumer choice theory framework (Cervero and Kockelman, 1997; Sallis et al., 2004). 

However, realizing that urban environment cannot solely explain the decline in active 

transportation behaviour, some researchers from transportation/urban planning field have also 

explored relationship between attitude/preference, cognitive processes, and active travel mode 

choice (Cao et al., 2009; Ewing & Cervero, 2010).  

As consumer choice theory is limited in completely explaining the aspects of behavioural 

process (Walker, 2001), many researchers have frequently drawn upon the theory of planned 
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behaviour (Cao et al., 2009; Handy et al., 2006), and human activity theory framework (Bhatt & 

Koppelman, 2003; McDonald, 2008; Mitra, 2013), to explore walking and/or cycling. The 

application of these theories in explaining rates of active transportation has remained limited 

due to their conceptualization and non-availability of data at the appropriate level (Mitra, 

2013).  

In regards to active transportation, research from the public health field shifts focus from the 

economic aspects of the trip attributes. It rather examines relationship of individual’s 

psychological and social behaviour and environmental variables (Sallis et al., 2004; Mitra, 2013). 

The environment is defined as “anything outside the individual” that can affect physical activity 

and active transportation including social as well as physical environmental factors (Ferreira et 

al., 2007). Studies from the public health field are largely drawn on the social cognitive theory 

(SCT) and the social ecological model (Glanz et al. 2008). According to the SCT, an individual’s 

behaviour is informed by his/her psychosocial and physical capabilities, perception of the 

environment, and cognitive learning through observation (Bandura, 1986). The SCT predicates 

on the concept of Reciprocal Determinism, according to which an individual can be both 

facilitator and responder to a change. Thus, changes in the environment can promote healthier 

behaviour such as active transportation. However, the theory assumes that environmental 

changes will automatically result in changes to the person, which may not always be true. 

Moreover, the SCT appears to be limited in scope with regards to number of variable and 

ignores biological inabilities.  

Recent studies from transportation/urban planning and health fields appear to have adopted 

collaborative approaches. Transportation/urban planning researchers have started exploring 
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health benefits of AST, whereas there is growing interest in exploring environment correlates 

amongst health researchers (Sallis et al., 2004). Common to both fields, the social ecological 

models have helped better understand the effects of built environment on the active 

transportation and physical activity behaviour (Sirard & Slater, 2008). The social ecological 

models can not only adapt to many aspects of the human behaviour, but also allow to analyze 

various correlates that exist at multiple levels (Mitra, 2013). These include household, 

individual, sociodemographic, and sociocultural and physical environment (Sallis et al., 2008; 

Giles-Corti & Donovan, 2003). Given the robustness of social ecological models, many of the 

recent studies on AST are based on this framework.  

Building on the social ecological model, McMillan (2005) proposed a framework, which 

hypothesizes that parents are the central actors in making mode choice decisions for AST. 

McMillan (2005) postulates that participation in AST is explained by the interaction between 

urban form (e.g. distance from home to school, intersection density, street network 

connectivity, active transportation infrastructure, land use mix, parks and other facilities along 

the way to school), mediating factors (i.e. perceptions, beliefs, and attitudes), and moderating 

factors (sociodemographic and social/cultural norms e.g. age, gender, number of children at 

home, parents’ attitudes) that exist at different spatial levels. The parents first process the 

characteristics of the urban form that indirectly influence their perceptions, beliefs (mediating 

factors), which interact with moderating factors in sorting the final decision about AST mode 

choice for their children. However, McMillan (2005) conceptualized the framework specifically 

for elementary school children.  
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Panter et al. (2008) has proposed a comprehensive approach to examine factors that influence 

children’s AT decision making process. Panter et al. (2008) argue that children’s AST mode 

choice is influenced by four categories of environmental correlates: physical environment 

(characteristics of the neighbourhood, destination, and the route), household and individual 

factors (sociodemographic, parental attitudes and perceptions, youth’s attitude and 

perceptions), external factors (weather, policies, cost of travel), and main moderators (age, 

gender, distance to destination). Although framework by Panter et al. (2008) greatly adds to the 

AST research by hypothesizing that both children and parents negotiate in make children’s AST 

mode choice, but it doesn’t clearly explain how environmental correlates are interlinked in the 

context of behavioural processes (Mitra, 2013). Based on the activity-travel framework, 

research from Copperman & Bhatt (2010) and McDonald (2008) suggests that parents’ work 

related travel needs (e.g. route, distance, schedule, mode of transportation to work), influence 

their decision to either escort or allow their children to independently travel to school. Children 

who are escorted by their parents are more likely to be driven to and/or from school 

(Copperman & Bhatt, 2010; McDonald, 2008). However, their research does not explicitly 

account for the influence of factors related to the built environment, parental perceptions and 

attitudes, and governmental policies etc. 

Most recently, Mitra (2013) has proposed the behavioural model of school transportation 

(BMST) to explain determinants of independent mobility and AST mode choice (Figure 2.1). Like 

previous studies, the BMST builds on the social ecological model, i.e. AST mode choice is 

influenced by factors at multilevel: urban environment, household and youth/child’s 

characteristics, and external influences such as natural environment and policy context. 
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However, it adds to the existing AST research by combining those multilevel factors with 

activity-travel framework.   

 

Figure 2.1: Behavioural Model of School Transportation. Source: Mitra (2013) 

The BMST emphasizes that both parents and children negotiate in the AST mode choice 

decision making process, however, parents take central role in deciding between independent 

or escorted trip and mode choice based on their perception about neighbourhood’s built 

environment, child’s cognitive ability to make a safe trip, their attitude towards active 

transportation, availability of personal vehicles, and activity constraints such as conflict 

between school timings and work schedule. The BMST extends McMillan (2005) model by 

suggesting that neighbourhood’s built environment (both built and social) influences parents’ 
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perceptions through five domains: Proximity, Safety, Connectivity, Comfort, and Attractiveness. 

However, the nature and direction of the conceptualized relationships in the BMST remains 

understudied. 

2.2 Correlates of Children’s Active School Transportation (AST) 

A large volume of scholarly research, with and without an explicit theoretical foundation, has 

attempted to explain various variables of AST. Findings from this literature are summarized 

below:  

Urban Environment Variables:  

Existing studies have found strong correlation between the distance from child’s home to 

school and AST rates. The likelihood of children to walk to school reduces with increase in the 

distance (Babey et al., 2009; McDonald, 2008; Mitra & Buliung, 2012; Panter et al., 2010a).  

Some researchers have found positive association between street network connectivity and AST 

(Dalton et al., 2011; de Vries et al., 2010; Kerr et al., 2006; Panter et al., 2010a). On the 

contrary, others have reported higher street network connectivity resulting in reduced AST 

rates (Larsen et al., 2012; Mitra et al., 2010; Schlossberg et al., 2006) probably due to perceived 

safety risk from increased traffic volume (Giles-Corti et al., 2011; Sirdad and Slater, 2008). 

Presence of active transportation infrastructure (sidewalks, pedestrian crossings, cycle routes, 

controlled traffic crossings) was found to be associated with ATS (Cao et al., 2009; Timprio et 

al., 2006).  

On the other hand, streets with high traffic and busy intersections may raise traffic and 

personal safety concerns, whereby discouraging AST rate (Giles-Corti et al., 2011; Mitra et al., 

2010, Schlossberg et al., 2006). 
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Studies analyzing the impact of land use mix on AST rates have remained inconclusive (Mitra, 

2013). Larsen et al. (2009) and McMillan (2007) found mixed-use neighbourhoods to associate 

with walking, while Ewing et al., 2004 and Mitra et al., 2010; have indicated to the contrary. 

In the social context of built environment, neighbourhoods with high population density (Dalton 

et al., 2011; Kerr et al., 2006; Lin & Chang, 2010; McDonald, 2008; Nelson et al., 2008) are 

found to be associated with have high rates of AST. Compact and dense neighbourhoods, which 

are perceived as walkable, facilitate large population of children to live close to school; thus are 

more likely to have high AST rates (Stewart, 2011; Dalton et al., 2011; Mitra et al., 2010, Panter 

et al. 2010a). However, no causal relationships have been established in this context so far.  

 Perceptions and attitudes:  

The findings from the research on whether neighbourhood safety perceptions (related to 

traffic, environmental hazards, crime and incivilities) affects AST have been largely mixed 

(Rossen et al., 2011). Many studies have found a negative correlation between perception of 

personal and traffic safety and AST rate (Bringolf-Isler et al., 2008; Lang et al., 2011; Panter et 

al., 2010b; Timperio et al., 2006). Concern about general safety rather than neighbourhood 

crime rate was more often associated with AST (Stewart, 2011).  

Multiple studies have reported a household’s attitude towards active transportation as a prime 

factor that positively influences AST rate. Parents who consider car as more convenient and 

socially acceptable mode of transportation were found to be wheeling their children to school 

(Faulkner et al., 2010; Lang et al., 2011; Panter et al., 2010b). However, environmentally 

conscious families were found to promote AST (Black et al., 2001). Parents’ confidence in their 

child’s ability to make a safe trip to school was also found to be positively associated with AST 
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(Emond & Handy, 2012; Lang et al., 2011; Wen et al., 2008). Similarly, parents who understood 

importance of child’s social interaction were more likely to allow their children to walk or bike 

to school (Emond & Handy, 2012; McMillan, 2007; Timperio et al., 2006). 

Sociodemographic Characteristics:  

The results from studies on the sociodemographic characteristics and AST rate have been 

mixed, partially reflecting heterogeneity in the study populations. For example, some 

researchers have observed child’s sex to be associated with AST (Larsen et al., 2009; McDonald, 

2008), whereas other studies have reported contrary findings (Black et al., 2001, McDonald 

2008, Mitra et al., 2010). Similarly, some studies have found association between the low 

household income and AST rate (McMillan, 2007; Wilson et al., 2010), while other studies have 

not found any correlation between socioeconomic variables and travel outcome for children’s 

AST (McDonald, 2008; Timperio, 2006).  

A significant negative association between household’s access to automobile and ATS was 

reported by a large number of studies (Pont et al., 2009; Timperio et al., 2006). This might also 

be due to schedule constrains that limit transportation options, or convenience of parents in 

dropping their children to school while driving to work or other locations (Stewart, 2011). 

However children owing a bike are likely to make more cycle trips than who do not.  

2.3 Research Gap  

As discusses in the literature review section, a large number of studies have found correlation 

between the built environment (objectively measured or perceived), and household and 

individual characteristics (sociodemographic variables) with the mode choice behaviour. Some 

researchers (e.g. McMillan, 2005; Panter et al., 2008; Mitra, 2013) have theoretically explained 
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the influence of built environment (objectively measured or perceived) on parents’ perceptions. 

For example, Mitra’s (2013) BMST framework hypothesizes that greater intersection density 

and busy intersection crossing (both variables of the urban environment) directly correlate with 

parents’ perception of traffic safety, which in return impacts their child’s AST mode choice. 

However, no known research has empirically examined these hypothesized relationships in a 

single study simultaneously. It remains unknown how parental perceptions of neighbourhood 

environment mediate the relationship between the built environment and AST.  
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Chapter 3: Study Design 

3.1 Conceptual Analysis Framework 

Using Mitra’s (2013) Behavioural Model of School Transportation (BMST) framework as a 

guideline, this study specifically focused on the relationship between seven neighbourhood 

environment variables, one of BMST’s five domains: Safety (in the form of two latent parental 

perceptions: perceptions of the traffic safety and neighbourhood walking environment), and 

five sociodemographic level variables, as they relate to the decision between walking versus 

driven in private vehicle to school. To reiterate, the BMST theorizes that both parents and 

children negotiate in the active school transportation (AST) mode choice process, which is 

impacted by multilevel factors: urban environment, household and youth/child’s 

characteristics, and external influences (natural environment and policy context). However, for 

young children, parents take central role in deciding their child’s school travel mode choice, 

based on their perceptions of the neighbourhood’s built environment, child’s cognitive ability 

to make a safe trip, their attitude towards AST, availability of personal vehicles, and activity 

constraints such as conflict between school timings and work schedule (Mitra, 2013).  

Given the scope of this study, figure 3.1 demonstrates the conceptual analysis framework 

adapted from the BMST framework. The arrows between the factors indicate hypothesized 

direction of association as theorized by the BMST. Parental perceptions were not directly 

observed but were rather inferred from parents’ responses in the study data; therefore they 

were latent in nature. Section 3.3 describes details of all aforementioned research variables. 
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Figure 3.1: Conceptual Analysis Framework (adapted from the BMST framework by Mitra, 2013) 

3.2 Data  

To test the hypotheses of the conceptual analysis framework, this study utilized data collected 

through the Project BEAT (Built Environment and Active Transportation) that took place in 

Toronto during fall 2010 and spring 2011. The Project BEAT is a large scale multidisciplinary and 

mixed method examination that involved grade 5 and 6 students and their parents. One of the 

main objectives of the Project BEAT is to examine the relationship between the built 

environment and children’s school travel behaviour. Given Toronto’s historical and political 

context, variety in the built environment, transportation options, land use, and social 

characteristics amongst neighbourhoods, allowed the project team to control which schools to 

study (BEAT, 2010).     
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In January 2010, the Project BEAT team sent invitations to all elementary schools (n=435) within 

Toronto School Board District. From the group of interested respondents, eight central city 

schools located within neighbourhood surrounding the downtown core, and eight inner suburb 

schools located within relatively recent neighbourhoods were selected to ensure variability in 

the built environment and SES characteristics. Grade 5 and 6 students and their parents 

completed a survey containing set of questions and map of their typical route to and from the 

school. Questions in the survey were intended to gain knowledge about child and parents’ 

perceptions of safety and built environment of their neighbourhood, parents’ activity pattern, 

parents’ attitude towards AST, and sociodemographic characteristics of the household. A total 

of 1,027 students (and their parents) took part in the survey. For the purpose of this study, final 

data set from the Project BEAT was further screened to eliminate any missing data, unengaged 

responses, and univariate outliers. Drawing on previous research, this study hypothesizes that 

walking will not be a feasible mode of transportation for young children living at a distance 

greater than 2 miles (3.22 km). Therefore, observations with travel distance greater than 2 

miles (3.22 km) were removed. Additionally, the scope of this study was limited to examining 

only two modes of school travel-walking or driven in a private automobile -largely due to 

methodological limitations and inadequacy of sample size for other modes. Therefore, 

observations for other modes such as ride a bicycle (n=19, 2.1%), school bus (n=15, 1.7%), and 

public transit (n=9, 1%) were also dropped from the final data set. After these adjustments, the 

final data includes n=720 data points. 
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3.3 Research Variables 

3.3.1 Dependent Variable: 

The scope of this study was limited to examining only two modes of school travel: walking or 

driven in a private driven automobile (0_Driven, 1_Walk).  

3.3.2 Objectively Measured Built Environment: 

This study explored built environment along a child’s home-to-school route. The conceptual 

analysis framework (figure 3.1) suggests that built environment influences mode choice 

indirectly by correlating with parental perceptions. Giles-Corti et al. (2011) posit that certain 

built environment features of the neighbourhood contribute towards traffic volume, which 

might influences parents’ perception of pedestrian and traffic safety on the route to school. To 

understand this relationship, this study included both built environment and traffic 

environment variables into the analysis.  

Initially, eight school route based built environment variables were measured objectively, using 

ArcGIS software, by intersecting the Project BEAT’s route to school data with the City of 

Toronto’s data on railway crossing, major roads, missing sidewalk, traffic calming devices, and 

intersections. The rationale for variable section and the approaches used to compute them are 

discussed as below: 

Traffic calming devices: This study assumed that traffic-calming devices such as chicanes, speed 

bumps, raised intersections, gateways, raised crosswalks, and traffic circles are conducive to 

walking by increasing pedestrian and traffic safety. A binary variable was included in this study, 

which identified respondents having at least one traffic calming device installed on their route 

to school. 
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Traffic Counts: Researchers analyzing traffic and school travel have reported a correlation 

between the traffic volume around the school and safety (Collins & Kearns, 2002; Giles-Corti et 

al., 2011; Schlossberg et al., 2006). Drawing on previous studies, this study assumed that 

parents perceive their child’s exposure to high volume as a risk to pedestrian and traffic safety. 

The study included morning traffic counts around school, which were observed by the Project 

BEAT team. 

Retail Density: Previous studies that analyzed the impact of land use mix have remained 

inconclusive (Mitra, 2013). Larsen et al. (2009); McMillan (2007) found mixed-use 

neighbourhoods to associate with walking, while Ewing et al., (2004); Mitra et al., (2010) have 

indicated to the contrary. To explore the influence of land use mix on children’s school travel 

behaviour in Toronto, this study included a retail density variable consisting of number of retail 

units per route kilometer. 

Distance to school from home: Existing literature confirms that distance of home to/from 

school is the clearest correlate of children’s travel behaviour. Children’s odds of walking to 

school decrease with increase in distance from home to school (Babey et al., 2009; McDonald, 

2008; Mitra & Buliung, 2012; Panter et al., 2010a). Drawing on previous research, this study 

hypothesized that distance between child’s home and school is negatively correlated with 

chances of walking to school. A variable with length of the route to school that was measured in 

the Project BEAT was used for final analysis. 

Railway track:  This study assumed that parents could perceive an active railway crossing on 

route a major barrier and a potential pedestrian safety risk for their child. Consequently, 

presence of railway tracks on the route to school would decrease the likelihood of parents to 
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allow their elementary school child to walk to school. A binary variable was included in this 

study, which identified respondents who had to cross railway track on the way to school. 

Missing sidewalks: Existing literature reveals that presence of active transportation 

infrastructure (sidewalks, pedestrian crossings, cycle routes, controlled traffic crossings) is 

found to be associated with walking (Cao et al., 2009; Timprio et al., 2006). This study assumed 

that the absence of sidewalk on the way to school presents a pedestrian safety risk and 

discourages walking. A variable with length of missing sidewalk per school route kilometer was 

included in this study to reflect objectively measured active transportation infrastructure. 

Major road crossings: Major roads generally carry high volume of fast moving traffic, which 

could be perceived as risk to pedestrian safety (Giles-Corti et al., 2011; Mitra et al., 2010, 

Schlossberg et al., 2006). This study assumed that overlapping of school route with major road 

hinders walking; thus a variable containing length of major road per school route kilometer, 

representing objectively measured overlap, was included in the analysis. 

Intersection density: Existing literature demonstrates that higher number of intersections 

warrant a well-connected street network, which is found to be positively associated with 

walking by some researchers (Dalton et al., 2011; de Vries et al., 2010; Kerr et al., 2006; Panter 

et al., 2010a). On the contrary, others have found higher street network connectivity resulting 

in reduced walking rates (Larsen et al., 2012; Mitra et al., 2010; Schlossberg et al., 2006) 

probably due to perceived safety risk from increased traffic volume  (Giles-Corti et al., 2011; 

Sirard & Slater, 2008). This study assumed that intersection density promotes traffic volume 

and negatively influences parents’ perception of traffic safety. A variable with objectively 
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measured number of intersections per school route kilometer was included in this study for 

further analysis. 

Binary logistic regression between each of the eight objectively measured built environment 

variables and walking (versus being driven in car) was performed. Presence of Railway Track on 

route was not associated with walking at 0.1 level of significance; therefore it was dropped 

from further analysis.  

3.3.3 Parents’ Perceptions of Neighbourhood Environment  

This study explored parents’ response to seven statements, reflecting their perceptions of 

traffic safety and walking environment, in the Project BEAT survey. The statements asked 

parents whether they agree or disagree on a 5-point scale from 1 as “Strongly Agree” to 5 as 

“Strongly Disagree”. A binary logistic regression was performed between walking (versus being 

driven in car) and each of the statements. One statement “There are enough crosswalks or 

traffic lights to help walkers cross busy streets” was not associated with walking at 0.1 level of 

significance; thus was dropped from the multivariate analysis. To identify conceptually 

meaningful environmental perceptions out of remaining six responses, a principal component 

analysis with Promax rotation (which assumes the factors are uncorrelated) was performed 

using SPSS software. Two clear factors emerged a) Perception of traffic safety b) Perception of 

neighbourhood walking environment. Table 4.2 shows factor loadings for each statement. 

For descriptive data analysis, responses in final data set were collapsed into two groups –

‘Agree’ (1 or 2 on the 5-point scale) and ‘Neither agree nor disagree/disagree/strongly disagree’ 

(3 to 5 on the 5-point scale). For Multivariate analysis, two new variables ‘Traffic Safety’ and 
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‘Walking Environment’, reflecting parental perceptions, were created using factor loadings 

described in table 4.2.  

3.3.4 Sociodemographic Variables  

This study used sociodemographic information collected through the Project BEAT survey. 

Informed by the existing literature, five key sociodemographic variables were included in the 

analysis: child’s age, child’s gender, number of vehicles available per licensed driver, mother’s 

employment status, and median household income. A number of respondents did not provide 

individual level household income data. To rectify the problem, year 2010 median household 

income data at the dissemination area (DA) level (geographical area smaller than 

neighbourhood scale) collected by the Statistics Canada (CHASS, 2013) was used. A child’s area 

of residence was classified as a low-income when the DA-level median household income was 

less than median income for the City of Toronto (i.e. CAD 43,291; Statistics Canada, 2013). A 

binary logistic regression was performed on each of the sociodemographic variables and the 

walking (versus driven to school), all of them were found to be statistically significant at 0.05 

level of significance; thus were included for further analysis 

3.4 Statistical Analysis 

Since the objective of this study was to integrate and analyse multilevel correlates of AST (i.e. 

neighbourhood built environment, parental perceptions, and sociodemographic variables) at 

once, Structural Equation Modelling (SEM) approach was used for that purpose. The SEM is an 

extension of multivariate regression analysis that allows statistically testing the hypothesized 

model to simultaneous analyze the entire system of endogenous and exogenous variables and 

determine the extent to which hypothesized model is consistent with the data (Byrne, 2010). 
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The SEM was preferred over other approaches for flexibility, comprehensiveness in testing 

formally specified models, and subsuming many other techniques such as multiple regression 

and ANOVA.  In a typical hypothesized model in SEM, endogenous variables are the dependent 

variables that are generated within the model (parental perceptions of the built environment 

and the mode choice i.e. walking/ driven in a private vehicle). Exogenous variables, on the other 

hand, do not depend on any other variable included in the model, i.e. they come from the 

'outside' of the model, (built environment and sociodemographic variables).  

SEM allows computing latent factors for unobserved variables such as perceptions. Since all of 

the endogenous and exogenous variables were either observed during Project BEAT data 

collection or computed using principal component analysis of observed variables, current study 

uses observed endogenous variable approach as explained by Mueller (1996):  

Y = BY + X + , 

Where 

Y = (NY X 1) column vector of endogenous variables (NY = number of endogenous variables), 

X = (NX X 1) column vector of exogenous variables (NX = number of exogenous variables), 

B = (NY X NY) matrix of coefficients representing the direct effects of endogenous variables on 

other endogenous variables, 

 = (NY X NX) matrix of coefficients representing the direct effects of exogenous variables on 

endogenous variables, and, 

 = (NY X 1) column vector of errors. 

Estimates of SEM are performed using covariance analysis method, the objective of which is to 

minimize the observed and estimated covariance. The direct effects in the SEM are given by 
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parameter B and  matrices and can be interpreted in a same way as a regression coefficient 

(Kaplan, 2000).  For any SEM model the total effects of the exogenous variable on the 

endogenous variables (I - B)-1
and the total effects of the endogenous variables on one another 

are given by (I - B)-1 – I (Golob, 2003). The indirect effects are given by the differences between 

the total and direct effects. 

This study employed AMOS (v.21) software and commonly used in practice, the maximum 

likelihood estimation (MLE) approach, for multivariate regression analysis of the hypothesized 

model. Theoretically, for estimates of the variance of parameters to be consistent, the MLE 

approach assumes multivariate normality in variables included in the SEM. To test for 

departures from normality in the study data, the Mardia statistic, which measures multivariate 

kurtosis with variables in their original form, was reviewed. Mardia statistic was observed as 

57.07; with a critical ratio of 33.91 (a critical ratio above 1.96 signifies departure from 

multivariate normality with 95% confidence). In the light of these observations, three 

objectively measured variables with high kurtosis values were identified. To remove non-

normality in these variables, some extreme observations were removed from the data. 

However, this approach was discarded as it did not completely remove the non-normality.  

Literature on SEM reveals that meeting multivariate normality condition is a problem in many 

studies.  Bentler and Dudgeon (1996) assert that normality assumption will often be incorrect in 

practice.  Anderson and Amemiya (1988) and Lei and Lomax (2005) argue that large sample size 

in the MLE approach reduces the influence of non-normality in the data. According to Stevens 

(1996) for a sample size to be considered large, the ratio between the sample size and the 

number of observed variables should not be less than 15. Current study model has 15 variables 
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and 720 observations. As sample size in the current study fulfilled aforementioned minimum 

ratio (720/15=48>15) requirement, final model was processed despite deviation from the 

multivariate normality assumption.  

3.5 Model Specifications 

Based on the conceptual analysis framework for this study (see figure 3.1), the SEM identified 

neighbourhood built environment and sociodemographic characteristics as exogenous 

variables, and parental perceptions i.e. Traffic Safety and Walking Environment, and mode 

choice i.e. walking/driven as endogenous variables. Figure 3.5 represents the final model. 

Presumed directions of influence were strategically added from specific exogenous variables to 

endogenous variables based on Mitra’s (2013) BMST framework and literature review. To test 

the hypothesis that urban environment characteristics impact parental perceptions of 

neighbourhood environment, the built environment variable were allowed to directly correlate 

with two parental perceptions. For example, Traffic calming devices and Traffic counts around 

school variables were hypothesized to interact with perceptions traffic safety. Similarly, Missing 

sidewalks variables was only influencing perception of walking environment. Major roads 

crossing, Intersections Density, Retail Density, and Distance were allowed to interact with both 

of the perceptions. To test the model hypothesis that parents consider their child’s 

characteristics while choosing mode of transportation to school, child’s age and gender 

variables were allowed to influence both perception variables. 
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Figure 3.5: Hypothesized Model 

 Finally, sociodemographic, parental perceptions, the neighbourhood built environment 

variables were also hypothesized to directly correlate with the mode choice variable. A strong 

direct influence of the built environment variables would account for perhaps four remaining 

domains-proximity, connectivity, comfort, and attractiveness- of the BMST framework.  
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Chapter 4: Results 

School travel behaviour of n=720 grade 5 and 6 children was analysed by applying structural 

equation modelling approach to  administrated survey responses from parents, GIS measures of 

built environment, and sociodemographic variables. The statistic results are summarized in 

table 4.1 and 4.3. 

4.1 Data Description 

Nearly 73% of the children chose to walk to school as opposed to 26% who were driven. 52.5% 

surveyed children were girls and 47.5% of them were boys with an average age of 10.58 years. 

About 18% of the students were from low-income neighborhoods, and 82% were from high- 

income areas. 70% of the mothers were employed either fulltime or part-time and 30% 

mothers were not employed (students or unpaid). About 43.5% parents agreed that there is 

heavy traffic around my home. About 57% of the responding parents agreed that there is heavy 

traffic around child’s school in the morning. Nearly 19% agreed that their child has to cross too 

many busy streets walking to/from school. About 48% of the parents agreed that most drives 

go too fast while driving in their neighbourhood. Only 10% of the surveyed parents agreed that 

there are not enough sidewalks in their neighbourhood. About 8% of the responding parents 

agreed that there are major barriers/obstacles to walking in their local neighbourhood that 

make it hard to get from place to place. About 22% children had traffic calming devices installed 

on their route to school. The median distance that a child travelled to and from school was 

0.775 km. About 41% of the students had to cross major road/s on their way to/from school.  
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Table 4.1 Descriptive Statistics (n=720) 

Dependent Variable                  Percent 

Mode      
Driven     27.4 

Walk     72.6 

Sociodemographic Variables                 Mean (Std. Deviation) Percent 

Gender      
Girl     52.5 
Boy     47.5 

Age   10.58 (0.695)  

Vehicles per licensed driver 0.871(0.249)  
Median Household Income    
Above Low Income Cut-off   82.2 

Below Low Income Cut-off   17.8 
Mother's Employment Status    
Part or full time Employed   70 
Not Employed    30 

Parental Perceptions of neighbourhood environment                   Percent 

There is heavy traffic near my home   
Strongly Agree/Agree    43.5 
Neither agree nor disagree/Disagree/Strongly Disagree  56.5 
There is heavy traffic around my child’s school in the morning  
Strongly Agree/Agree    57.1 

Neither agree nor disagree/Disagree/Strongly Disagree  42.9 
Our child has to cross too many busy streets walking to/from school  
Strongly Agree/Agree    19.3 
Neither agree or disagree    80.7 
Most drivers go too fast while driving in my neighbourhood  
Strongly Agree/Agree    47.6 
Neither agree nor disagree/Disagree/Strongly Disagree  52.4 
There are not enough sidewalks   
Strongly Agree/Agree    9.7 
Neither agree nor disagree/Disagree/Strongly Disagree  90.3 
There are major barriers/obstacles to walking in my local neighbourhood 
that make it hard to get from place to place 

 

Strongly Agree/Agree    7.9 
Neither agree nor disagree/Disagree/Strongly Disagree  92.1 

Built Environment Variables                   Percent 

Traffic Calming Devices    
Yes     22.1 

No     77.9 

   



27 
 

Table 4.1 cont.   

Built Environment Variables Mean (Std. Deviation)                  Percent 

Traffic Count around school 580.44 (523.56)  
Retail Density per route km 6.05 (14.97)  
Distance in km from house to school   0.775(0.522)  
Missing Sidewalks per route km 0.035(0.124)  
Major Road Crossing on route     
Yes     41.3 
No     58.7 
Intersection Density per route km  6.114 (3.42)  

 

Table 4.2 Principal Component Analysis    

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 
   Bartlett's Test of Sphericity 

    
0.775 

 Approx. Chi-Square 
     

1008.58 
 p-value 

      
0.000 

 Total Variance Explained 
      Cumulative Variance %                      63.09  

Factor 1 Variance % 
    

44.94 
 Factor 2 Variance % 

    
18.15 

 Pattern Matrix 
     

    Factor 1 Factor 2 

There is heavy traffic near my home 
   

0.845 
  There is heavy traffic around my child’s school in the morning 

 
0.817 

 Most drivers go too fast while driving in my neighbourhood 
 

0.779 
 Our child has to cross too many busy streets walking to/from school 0.616 
 There are not enough sidewalks 

    
0.878 

There are major barriers/obstacles to walking in my local 
neighbourhood that make it hard to get from place to place   

 
                0.679 

Reliability Statistics 
     

          Cronbach's Alpha 

Factor 1  
      

0.786 
 Factor 2 

      
0.399 

 

         4.2 Model Fit  

To measure the absolute model fit, three most basic indicators: ratio of the chi-square (χ2) 

statistic and degree of freedom (df), the goodness-of-fit index (GFI)1, and the root mean square 

                                                      
1
 - the relative proportion of variance and covariance in the sample covariance matrix explained by the model-implied covariance matrix 
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error approximation (RMSEA)2, were analysed. The estimated model showed a good fit, as seen 

in Table 4.3. 

First, a value of 2.70 was observed for χ2/df, which as a ‘rule of thumb’ should be less than 

three.  Second, the GFI value was 0.975, which showed a good fit as values closer to 1 are 

considered better. The RMSEA was observed as 0.049, where values less than 0.05 indicate a 

good fit. 

Table 4.3: Model Fit Measure       

Chi Square (χ2) 
    

137.752 
Degree of Freedom (df) 

   
51 

χ2/df 
     

2.7 
Good-Fitness-Index (GFI) 

   
0.975 

Root Mean Square Error Approximation     0.049 
 

4.3 Model results and interpretations 

The model estimation results are presented in figure 4.4. Values on the direction of influence 

line show direct effects between exogenous and endogenous variables (matrix gamma), and 

the direct effects within endogenous variables (matrix beta). Values in the parenthesis 

represent p-values. All highlighted values are statically significant (at <0.05 level) direct effects 

values.   

4.3.1 School travel mode choice and Sociodemographic characteristics 

The final model allowed testing direct and moderated effects of sociodemographic 

characteristics on walking (versus driven in a private vehicle). Their direct influences were 

largely as anticipated and consistent with existing literature.  Child’s gender and age was found 

to be significantly correlated with mode choice. Consistent with previous studies, the number 

                                                      
2
  - measures the estimated discrepancy between the model-implied and true population covariance matrix, corrected for degrees of freedom 
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of vehicles available per licensed driver in a household played a significant role in the mode 

choice. The model suggested a statistically stronger evidence of negative correlation between 

the number of vehicles available per licensed driver variable and mode choice in the case of 

girls (see appendix ‘A’ for gender based model outputs). No significant association was found 

between neighbourhood level household income, mother’s employment status and mode 

choice. 

However, indirect influence of sociodemographic variables on walking (versus driven in a 

private vehicle), through parents’ perceptions of traffic safety and neighbourhood walking 

environment, was rather counterintuitive. No significant correlation was found between child’s 

age, gender and parents’ environmental perceptions.  

4.3.2 School travel mode choice and Parents’ environmental perceptions  

Using Mitra’s (2013) BMST framework as a guideline, this study specifically explored 

relationship between neighbourhood built environment variables and one of their five 

hypothesized domains of influence: Safety, on parental environmental perceptions: perceptions 

of the traffic safety and neighbourhood walking environment, as they associate with the 

walking (versus driven in a private vehicle).  

Parents’ Perception of Traffic Safety 

Parents’ perception of traffic safety demonstrated no significant correlation with walking 

(versus driven in a private vehicle), at 0.05 significance level. Parents, who agreed to the survey 

statements regarding heavy and fast moving traffic near home child’s school in the morning and 

too many busy streets crossing on the route to/from school, had negative perception of traffic 
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safety in their neighbourhood, but this perception was not associated with the likelihood to 

them allowing their child to walk to school. 

Intersection density, distance between school and home, and presence of major road crossing 

on child’s route to school were negatively correlated with parents’ perception of traffic safety. 

As their relationship has never been studied before, this finding also uniquely contributes to the 

understanding of children’s school travel behaviour. Rather surprising findings were non-

significant association of absolute number of traffic counts around child’s school in the morning 

and presence of traffic calming devices with parents’ perception of safety.  

Parental Perception of Neighbourhood Walking Environment  

A significantly positive correlation was found between parental perception of neighbourhood 

walking environment and children’s odds of walking to school. Parents who reported to have 

major barriers/obstacles, and inadequate amount of sidewalks that made it hard to get from 

place to place, had a negative perception of walking environment in their neighbourhood. It 

further reduced the likelihood of parents allowing their child to walk to school. 

The model also reported significant correlations between several objectively measured built 

environment variables and parents’ perception of walking environment. Length of missing 

sidewalks per route kilometer and distance between home and school were found to be 

negatively correlated, but intersection density was positively correlated with the perception of 

neighbourhood walking environment. However, both presence of retail density and major road 

crossings on the route to school had non-significant association with the perception of  
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Figure 4.4: Final Model Outputs   

Note: The numbers in parentheses are p-values. The numbers outside of parentheses are standardized direct effects (regression 

weights). Highlighted numbers are significant at the 0.05 level.  
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neighbourhood walking environment. These findings produce unique insights and new 

knowledge with regards to relationship between the built environment and parental 

perceptions of the neighbourhood environment. 

4.3.3 School travel mode choice and Neighbourhood Built Environment  

Several objectively measured built environment variables were found to be significant in their 

direct correlation with walking (versus driven in a private vehicle), while controlling for their 

indirect influence through latent parental perceptions variables. Distance from child’s home to 

school had strongest negative correlation with mode choice. Similarly, length of missing 

sidewalks per route kilometer, major road crossings, intersection density, and traffic count 

around school in the morning was also significantly negatively correlated with the mode choice 

variable. The model reported a positive significant correlation between presence of traffic 

calming devices on the route to school and the mode choice variable, which was anticipated. 

The presence of major road crossings on the route to school was found to be positively 

correlated with walking (versus driven in a private vehicle). Literature presents mixed 

association of retail density with walking or driving behaviour, but this study found no 

significant correlation between them.  

Most of the built environment variables were constituently associated with the mode choice 

variable for both boys and girls. However, length of missing sidewalk per route kilometer and 

morning traffic count near school was significantly correlated with the mode choice in the case 

of boys but not for girls. 
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4.4 Discussion 

Drawing on Mitra’s (2013) BMST framework, current study hypothesized that objective built 

environment and sociodemographic characteristics directly influence parental subjective 

perceptions, which affect their decision about child’s school travel mode choice. In particular, 

the study focused on the association between built environment characteristics and parental 

perceptions of traffic safety and neighbourhood walking environment, in regards to child’s 

school transportation mode choice. In addition to influencing parental perceptions, the 

objective built environment characteristics were also allowed to directly interact with the mode 

choice variable. If their direct association is the dominant one, then the observed relationship 

between the built environment and travel behaviour may be attributable to some other 

perceptions, perhaps four remaining domains-proximity, connectivity, comfort, and 

attractiveness, as outlined in the BMST framework.  

4.4.1 School travel mode choice and Sociodemographic characteristics 

The statistical results did not provide sufficient evidence to conclude the hypothesis that 

sociodemographic characteristics influence parents’ mode choice decision. Child’s gender, age, 

and number of vehicles per licenced driver were found directly related to the mode choice. 

Boys were found to be more likely to walk to school than girls. However, some difference was 

observed between boys’ and girls’ school travel mode choice decisions. For girls, higher 

intersection density on the route to school, and number of vehicles per licensed driver reduced 

their likelihood of walking to school, but both factors were non-significant for boys. However, 

for boys missing sidewalks and higher traffic count on the route to school appeared to deter 

their odds of walking, which were not found significant in girls (See Appendix ‘A’ for gender 
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based model outputs). Many studies have found similar association between child’s gender and 

the likelihood to walk to school, but in different study setups (Carver et al., 2014). Higher rates 

of walking to school among boys may reflect social tendencies of parents to be more protective 

of girls and to place greater restrictions on girls’ independent mobility. Existing literature points 

that from early childhood parents encourage boys over girls to take risks (Morrongiello and 

Dawber, 1999), so traffic concerns may provide a greater deterrent to girls walking/cycling. At 

the same time, sex differences in general levels of physical activity may also explain such 

differences.  

4.4.2 Neighbourhood Built Environment and Parental Perceptions 

This study also examined the interaction between objectively measured built environment and 

parental perceptions of traffic safety and neighbourhood walking environment, as they relate 

to a child’s school travel decision processes. Results indicate that perception of walking 

environment played a significant in influencing children’s odds of walking to school; however, 

parental perception of traffic safety was not significantly correlated with walking. It was also 

found that parents’ subjective views of the neighbourhood environment, particularly those 

related to traffic and pedestrian safety, were not always consistently related to the objective 

built environment characteristics.  

Neighbourhood Built Environment and Parental Perception of Traffic Safety 

In a rather counterintuitive finding, major road crossings appeared to improve the likelihood of 

walking in their observed direct correlation with the mode choice, which is not consistent with 

other studies such as Bringolf-Isler et al., (2008); Emond & Handy, (2012); and Larsen et al. 

(2012). However, parents perceived major road crossing on the route to school as a significant 
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barrier and risk to traffic related safety. Although not observed in this study, but one 

explanation to such observed finding could be that the presence of signals at major road 

crossings might be helpful in moving safely through the intersection. At the same time, parents 

perceive their children’s proximity to large volume of high speed traffic as a negative element. 

Nonetheless, this finding points to the importance of well-designed signalized crossings, in 

order to mitigate the perceived negative impact of proximity to the traffic.  

Similarly, contrary to an expected negative association, morning traffic counts around the 

school were not significantly associated with parental perception of traffic safety. Traffic 

calming devices on the route to school also did not significantly associate with parental 

perception of traffic safety as one might expect. A couple of explanations might help explain 

this unusual relationship. First, parental perceptions are very subjective in nature and might not 

directly relate to objectively measured environment. For example, parents might perceive a 

street with high traffic count as safe as long as there are no or little traffic related injuries. As 

this study did not include data on traffic related injuries, further analysis is required to test this 

statement. Secondly, stated concerns around traffic safety can be a way for parents to justify 

their choice of driving children to school, regardless of the actual traffic conditions. 

Nonetheless, the odds of walking were reduced in the neighbourhoods with high traffic counts 

around school. However, the rate of children walking increased in neighbourhoods where 

traffic slowing measures were taken. This finding highlights disconnection between objective 

and subjective nature of perceptions in general. Although traffic calming devices appear to 

work as intended in improving the odds of walking, but such engineered environment may not 
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be well received by the neighbourhood residents and fails to appropriately address parents’ 

subjective expectations of an adequately supportive and safe neighbourhood environment. 

Neighbourhood Built Environment and Parental Perception of Walking Environment 

Parental perceptions of walking environment, were more reflective of the built environment of 

a neighbourhood. For example, length of missing sidewalks and distance from school to home 

had negative impact on the perception of walking environment and the odds of walking. These 

results imply that parents were more likely to allow their child to walk to school if they 

perceived higher sidewalk coverage on the route to school, as well as short distance between 

home and school. However, intersection density on the route to school showed overriding 

tendencies in its direct and mediated influence on walking (versus driven in a private vehicle). 

Intersection density appears to be positively influencing parental perceptions of walking 

environment, but its direct negative correlation with walking (versus driven in a private vehicle) 

suggests presence of other factors that may be influencing parental perceptions. A possible 

explanation for this finding could be that although street connectivity provides route directness 

(Dalton et al., 2011; de Vries et al., 2010; Panter et al., 2010a), but at the same time it also 

presents the potential for more and fast moving traffic, as well as more street crossings (Giles-

Corti et al., 2011; Sirard & Slater, 2008), which is perceived as a significantly traffic safety risk by 

the parents, whereby reducing children’s odds of walking to school.  
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4.5 Summary of new findings:  

In response to the research question, findings of this study provide new insight into the 

correlation between built environment, parental perceptions, sociodemographic variables, and 

children’s school travel mode choice. Amongst sociodemographic characteristics, gender, age 

and number of vehicles available per licenced driver were key factors that related with choice 

to walk to school, but there was no sufficient evidence to conclude that sociodemographic 

characteristics influence parents’ mode choice decision. Parental perception of the 

neighbourhood walking environment was also found to play a noteworthy role in the mode 

choice decision making process. However, the perception of traffic safety had no effect on 

walking (versus driven in a private vehicle) to school. It was also found that parents’ subjective 

views of the neighbourhood environment, particularly those related to traffic and pedestrian 

safety, were not always consistently related to the objective built environment characteristics. 

Contrary to an expected negative association, traffic calming devices and heavy morning traffic 

count around school were found to be insignificantly correlated with parents’ perception of 

traffic safety. However, traffic calming devices directly facilitated walking and morning traffic 

count around school emerged as a strong direct barrier to the likelihood of walking to school. 

Similarly, despite of their negative correlation with parental perceptions of traffic safety, major 

road crossings were found to be facilitating walking in their direct association with mode choice 

variable. On the other hand, parents perceived intersection density as a facilitator of children’s 

walk to school, even if it was negatively correlated with odds of walking (versus driven in a 

private vehicle) in its direct association. These findings highlight disconnection between 

objective and subjective nature of perceptions in general.  
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Chapter 5: Implications for Policy 

This study adds new knowledge to the existing literature on the correlates of Active School 

Transportation (AST). First, it improves theoretical understanding of how built environment 

indirectly influences children’s school travel behaviour through mediation of parental 

perceptions of neighbourhood environment. Parents first perceived the problems in the 

neighbourhood built environment before deciding whether their child would walk or be driven 

to school. Second, parental subjective views of the neighbourhood environment, particularly 

those related to traffic and pedestrian safety, were not always consistently related to the 

objective built environment characteristics. While parental perception of walking environment 

were found to play an important role, parental perception of traffic safety was insignificant in 

deciding their child’s school travel mode choice. It is evident from the findings that AST mode 

choice is a multilevel and complex process that may requires physical as well as programming 

level changes. To delineate policy implications based on these findings, it is first important to 

understand the City of Toronto’s existing in-effect framework that facilitates children’s walking 

to school. 

5.1 Review of existing policy framework in Toronto 

City of Toronto Official Plan (OP) recognizes the importance of walking and advocates for 

creating a built form and urban environment conducive to walking and fosters safe, 

comfortable and attractive facilities for walking throughout the city (City of Toronto, 2009b). 

Secondary plans further reinforce OP’s vision on pedestrian friendly conditions, safety and 

walkability in general. Toronto Walking Strategy (2009a) lays out a set of action items to 

provide leadership, support, and promote walking culture by establishing an integrated walking 
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network (City of Toronto, 2009b). Most recently, the City council agreed to develop Complete 

Streets Guidelines that will help ensure routine consideration of Complete Streets, which are 

safe and convenient for all users including pedestrians, bicyclists, and motorists, during the 

construction, reconstruction, and maintenance of all city streets (CSFC, 2012). 

Toronto District School Board (TDSB) recently adapted a charter for safe and sustainable 

transportation (TDSB, 2013). At this point, the document merely outlines TDSB’s commitment 

to invest in resources that support active, safe and sustainable transportation by identifying 

and removing barrier to and from school. The document also appears to be promising as TDSB 

ensures developing school travel plans and road safety education within schools and by 

partnering with stakeholders to work as a coordinated team. Among other goals of this charter 

is to increase students’ overall physical activity and mental health through positive interactions 

with peers, parents, and staff (TDSB, 2013). However, no further information is available about 

implementation of this document.  

In 2007, Green Communities Canada, in partnership with Public Health Agency of Canada, 

introduced a community based- School Travel Planning (STP) - approach, in four provinces 

across Canada. STP deals with travel-related issues at school by combining international best 

practices into a process and creating Canada specific tools. Amongst the main objectives of the 

STP model is to promote active and sustainable modes of school travel for students and families 

by partnering with schools, municipalities, public health units and community groups (GCC, 

2013). Metrolinx, a provincial transportation authority for the GTHA, led ‘Stepping It Up’ pilot 

program from 2009 to 2011, in partnership with Green Communities Canada and funded by 

Transport Canada, to introduce STP initiative in 71 elementary schools in Ontario (Metrolinx, 
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2014). Metrolinx recently conducted an analysis of 19 schools where the STP model was 

implemented. The findings of the Metrolinx (2014) report highlight that a behaviour change 

was noticeable. Not only the rates of walking and physical activity increased, but the model 

potentially reduced vehicle kilometers travelled, greenhouse gas emission, and air pollutants at 

a petty amount of cost. However, Buliung et al. (2011), based on their pilot evaluation of the 

STP in 4 Canadian provinces, showed only a modest increase in AST rates and suggested 

changes to the STP model, in order to address recent research on the AST mode choice process. 

Although, Green Communities Canada continues to implement the STP model in various other 

municipalities throughout Canada, but in the absence of a longer-term revenue stream, 

Metrolinx formally ended its pilot program in the GTA after 2011. At this point, Metrolinx 

continues to support walking, cycling and transit use for school transportation through 

community mobilization.  

5.2 Recommendations 

As discussed earlier in this paper, it is evident from the findings of this study that AST mode 

choice is a multilevel and complex process that may requires physical as well as programming 

level changes. However, review of the existing policy framework reveals that although City of 

Toronto is administrating multiple strategies promoting walking behaviour, but almost all of 

these address adults’ mobility needs. With regards to school level programing, studies 

evaluating the STP model suggest that the effect of this intervention on behavioural changes 

has remained modest at best. Furthermore, the role of local municipal administration with 

regards to implementing STP model in local schools is unclear. In order to increase uptakes of 

children walking to school, following recommendations argue in favour of a collective action-in 



41 
 

the form of school level programs founded in a new children specific pedestrian and bicyclist 

policy-undertaken by both the City and the school boards. The City should take a lead and 

leverage this opportunity when both the City and the TDSB are in the process of revising their 

existing regulations or adapting new policies that encourage walking.  

5.2.1 Need for a children specific pedestrian and bicyclist action plan  

Many states in the US have adapted region wide(the Clark County, the Puget Sound region to 

name a few) active transportation master plans that guide further investment in improving 

active transportation infrastructure and programming for both adults and children ensuring 

that they move safely through neighbourhoods. In the Canadian context, Board of Health for 

the City of Ottawa Health Unit has partnered with City’s Transportation committee and Council 

to draft a school based active transportation plan that fosters the development of healthy, 

active communities through Complete Street Policy and reduction in aggressive driving 

behaviour (Levy, 2013). 

Learning from international and Canadian examples, City of Toronto should consider adapting a 

children specific pedestrian and bicyclist action plan, in order to promote children’s walking as 

an important measure of their health and vitality. The key goal of the action plan would be to 

ensure that children’s AST can co-exist with other modes of travel by making it a safer, more 

comfortable and convenient way to travel. Such action plan would be a citywide policy, 

comprehensive in scope addressing engineering, education, enforcement, and evaluation by 

ensuring City’s commitment to : 
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 Update its existing ordinances and policies, such as Walking Strategy (2009), Complete 

Streets guidelines, and other related regulations to conform to children’s mobility 

needs. 

 Encourage further research on the relatively unknown relationship between engineered 

streetscape and perceptions, in order to improve and update its policies and minimize 

disconnect between the perceived and engineered built environment. 

 Make school level programming (similar to the STP model) mandatory, whereby 

requiring schools to collaborate with local residents and other stakeholder to develop 

neighbourhood level master plans that identify barriers to AST, run programs that 

encourage AST, and educate parents and children. 

 Provide consistent funding sources for school level programming such as STP by 

partnering with Public Health Canada or other stakeholders that have vested benefits in 

the health and well-being of Canadian children.  

Arguably, as a City led top-down policy, children specific pedestrian and bicyclist action plan 

could ensure effectiveness, consistency, and coordination in efforts aiming to increase AST 

rates in Toronto.   

5.2.2 Programming at the school level 

 

As mentioned earlier, it is expected that the City and the school boards would work hand in 

hand, in order to bring significant changes to children’s school travel behaviour. The citywide 

children specific pedestrian and bicyclist action plan, as described previously, would set the 

stage for interventions by providing policy background, whereas school board level 

programming would require the schools to take ownership and implement by collaborating 
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with local community and other stakeholders. Literature informs that schools play an important 

role in fostering walking behaviour amongst children.  

Since the aforementioned proposed action plan would require all schools in Toronto to 

participate in local level programming, the TDSB should develop its program while 

implementing the new charter for safe and sustainable transportation (2013), or may wish to 

adapt already developed the STP model. Nevertheless, the key goals of schools level 

programming would be: 

 To collaboration with neighbourhood residents and other stakeholders and develop 

local level master plans identifying neighbourhood wide issues and barriers for children 

walking to school. Eventual purpose of a local level master plan would be to help the 

City develop a community specific solution to the problem, whereby minimizing gap 

between perceived and engineered built environment.    

 To run social interventions encouraging parents and children to walk or bike to school.  

For example, in suburban neighbourhoods, where distance from home to school 

reduces the odds of walking, the school may encourage parents to drop their children 

on the periphery of safe zone around school, which the school might have established in 

collaboration with parents. On the other hand, sites for new schools in new 

neighbourhood should be chosen to assure that barriers to walking and biking to school 

are adequately addressed during the design phase of the neighbourhood. Similarly, in 

order to increase physical activity skills that will last a lifetime, schools may adapt 

programs specifically targeting female students in collaboration with parents who may 

encourage them to walk to school at the home end.  
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 To educate parents and children to address the social and psychological barriers families 

face in adopting walking and bicycling as a routine. For example, parents’ exaggerating 

perceptions might undermine their child’s odds of walking in an otherwise supportive 

physical environment. Educating parents in such case could bring effective results than 

devising physical changes.   

Nonetheless, learning from existing evaluations of initiatives like STP (e.g. Buliung, 2011), 

the school level programing should must ensure to accommodate new and emerging 

perspectives on children’s AST. 
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Chapter 6: Conclusion 

This study analysed school travel behaviour of n=720 grade 5 and 6 children in Toronto, using 

structural equation modelling approach to  administrated survey responses (from children and 

their parents), GIS measures of built environment, and sociodemographic variables. Findings of 

this study provide new evidence regarding the relationship between built environment, 

parental perceptions of traffic safety and neighbourhood walking environment, and children’s 

school travel behaviour. Parents perceived problems in the neighbourhood environment before 

taking decisions about their child’s school travel mode choice. However, parental perceptions 

of the neighbourhood environment, especially those related to traffic safety, were not always 

consistently related to the objective built environment characteristics. It is evident from the 

findings that AST mode choice is a multilevel and complex process that may requires physical as 

well as programming level changes. However, current City policies and school level programs 

don’t appear to be effective in addressing these emerging issues with regards to children school 

travel behaviour. Collective interventions, such as new school level programs founded in new 

City level children specific pedestrian and bicyclist action plan,  involving the City, the school 

boards, parents, and other stakeholder could prove to be more successful in increasing the AST 

uptake amongst young school-going children.  

6.1 Limitations 

Despite of providing new evidences, this study has several limitations. The scope of this study 

was limited to an examination of the objectively measured and perceived neighbourhood 

environment related only to a child’s school travel route. Previous research has indicated the 

importance of many other aspects of the built environment; both engineered and perceived, 
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which could not be addressed in this research. Furthermore, this study did not examine 

correlation between the two parental perception variables (perception of traffic safety, 

perception of walking environment). It is quite possible that they might be correlated; however, 

the results and findings do not reflect their potential association. This study also did not explore 

parental attitudes towards AST and role of children’s perceptions as they relate to their school 

travel behaviour. Therefore, while the findings of this study may illustrate relationship between 

built environment and parental perceptions of traffic safety and walking environment, any 

direct effects of the built environment characteristics on the odd of walking (versus driven in a 

private vehicle) might be residuals of perceptions and parental attitudes not included in the 

analysis. Nonetheless, results of this research suggest that there is a potential in exploring link 

between built environment and individual’s psychological and social behaviour, as they relate 

to AST.  Further research is required to accurately establish correlates of AST including parental 

attitude and perceptions, and children’s perceptions of the neighbourhood environment. 

Besides, a continued research perspective is necessary for suggested interventions to be 

successful.  
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Appendix ‘A’: Additional Model Outputs 

 

 
Figure A.1: Mode Outputs- For Boys  

Note: The numbers in parentheses are p-values. The numbers outside of parentheses are standardized direct effects (regression 
weights). Highlighted numbers are significant at the 0.05 level.  
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Figure A.2: Mode Outputs- For Girls 
Note: The numbers in parentheses are p-values. The numbers outside of parentheses are standardized direct effects (regression 

weights). Highlighted numbers are significant at the 0.05 level.
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