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Abstract 

Research problem: Children’s independent mobility (CIM), defined as the freedom 

of children to travel around their neighbourhood without adult supervision. Despite the 

widely acknowledged benefits of CIM, including children’s overall health and 

wellbeing, CIM has declined over the last few decades. Studies have identified that the 

design of the built environment (BE) is an influencing factor of this trend. However, 

this relationship is derived only based on the geographic attributes (e.g., land uses, 

metric distance) of the BE, largely ignoring the topological features (visual distance) 

of the BE. Less so, how the effects vary between discretionary and nondiscretionary 

CIM trips. Moreover, CIM has been measured inadequately in existing studies, for 

example, no studies have yet to assess how the BE affect children’s independent route 

choice behaviour or the proportion of CIM trips. This research aims to address these 

gaps by answering the following three research questions:  

1. Which of the BE factors are reported with a consistently strong correlation with 

CIM in the literature?  

2. How do topological and geographic features of the BE affect different 

indicators of CIM and how do they differ between discretionary and 

nondiscretionary trips?  

3. How does the BE affect children’s independent route choice behaviour? 

Method: This research answers the first question by employing a meta-analysis of 

existing literature and the rest of the two questions by empirical analysis. For the 

empirical part, this research collected a two-day travel data from 151 children aged 

between 10-14 years from Dhaka, Bangladesh. They were asked to map the origin-

destinations and routes taken for each trip in neighbourhood along with other 

information (e.g., trip accompaniment, mode of transport). In total, 151 children 

reported 466 trips, among which 327 were independent. Four CIM indicators (i.e., 

likelihood of CIM trip, proportion CIM trips, territorial range of CIM and route choice 

for CIM) were generated using the travel diary and route information. Two alternative 

routes (geographic shortest route and least directional route) were also generated by 

using the child reported origin-destination and route information. A virtual BE audit 

was conducted to collect 24 geographic BE indicators for each street segment of the 
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actual and two alternate routes. Four topological BE indicators were derived in 

Depthmap. Multiple statistical models were estimated to assess the effects of these 28 

BE indicators on the four indicators of CIM (e.g., binary logistic regression, fractional 

regression, multilinear regression, conditional logit). 

Results: The meta-analysis revealed consistent associations between BE factors (e.g., 

distance, land use, street connectivity) and CIM. The meta-analysis also identified the 

better method for topological analysis to understand pedestrian movement and the 

potential impact of topological BE factors on CIM. The findings of the empirical study 

demonstrate four observations: a) both topological and geographic BE factors affect 

CIM. The significant BE factors are angular step-depth, angular integration, angular 

connectivity, distance, presence of different land uses (residential, institutional and 

recreational), sidewalk availability, walking environment condition and obstruction, 

number of trees, building height and traffic composition; b) the effects of topological 

and geographic BE vary among different measures of CIM, and between discretionary 

and nondiscretionary CIM; c) topological BE has a larger controlling on 

nondiscretionary CIM whereas discretionary CIM is largely explained by geographic 

BE; d) the route choice and the proportion of CIM indicators have the ability to capture 

new insights into BE-CIM associations- for example, 74% shortest distance routes and 

70% least directional routes perfectly overlapped with actually taken routes, which 

indicates that: i) shortest distance route is slightly preferable than least directional 

routes for CIM around neighbourhoods; ii) the deviation of the actual routes from 

shortest distance and least directional routes indicates that other BE factors (e.g., 

angular connectivity) have an independent effect on CIM route choice.  

Conclusion: The findings highlight that geographical features need to be designed in 

tandem with topological features of the BE, stratified by destination types, to 

maximise CIM.  
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Chapter 1: Introduction 1 

 Introduction 

1.1 RESEARCH BACKGROUND  

Autonomy in movement (walking and cycling) for children has declined sharply 

over the last few decades (Carver, Watson, Shaw, & Hillman, 2013; Lopes, Cordovil, 

& Neto, 2014; Shaw et al., 2013). For example, in Australia unaccompanied children 

walking to school has dropped from 68% to 31% between 1991 and 2012, and in the 

United Kingdom, the drop was 40% between 1971 and 1990 (Schoeppe et al., 2015). 

In today’s society, only a few children (aged less than 18 years) freely wander around 

their neighbourhoods, explore its secrets, engage in neighbourhood activities, meet 

new possibilities and play with new children without the constant supervision of others 

(Prezza et al., 2001). Research has shown that a number of factors have contributed to 

this decline, including growing pressure of urbanization, increasing use of motorized 

vehicles, and children’s chauffeuring to school and other destinations by parents 

(Mackett, 2002).  

The freedom and opportunity for children to explore their neighbourhood 

environment have been referred to as children’s independent mobility (CIM) in the 

literature (Kyttä, 2004; Tranter & Whitelegg, 1994). CIM includes both active and 

inactive travel. This has been linked with various developmental and health-related 

benefits for children, including physical, cognitive, communicational, navigational, 

analytical and social development (Table 1-1). Along with overall health benefits for 

the children, CIM has some broader influences on city and society, such as community 

liveability, informal social control, and parents’ reduced chauffeuring time and mental 

stress (Gershuny, 1993; Prezza, Alparone, Renzi, & Pietrobono, 2009; Tranter & 

Pawson, 2001). 

The United Nations adopted the Convention on Right of Children in 1989 

(UNICEF, 1989) by comprehending the importance of children’s special needs. 

Article-27 of the Convention on Right of Children stipulates that children have the 

right to a standard of living, which is good enough to meet their physical, mental, 

spiritual and social development. Article-31 on the other hand, addresses the right of 
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a child to rest and leisure, to engage in play and recreational activities and to participate 

freely in cultural activities and the arts. 

Table 1-1: Consequences of the higher and lower level of CIM 

Attributes Citation 
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Development of children’s social and 

motor skill 

(Hüttenmoser, 1995) 

Increased cognitive competency (Christensen & O'Brien, 2003) 

Increased physical activity level of the 

child 

(Rushovich et al., 2006) 

Better acquisition, processing, and 

structuring of environmental knowledge 

(Rissotto & Tonucci, 2002) 

Strong emotional bond between child and 

natural environment 

(Bixler, Floyd, & Hammitt, 2002) 

Enhanced sense of community (Prezza & Pacilli, 2007)  

Improved social bonding with others 

beyond family 

(Groves, 1997) 
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Increased obesity, weight, and sedentary 

behaviour 

(Whitzman et al., 2010) 

Increased sense of loneliness and fear  (Prezza & Pacilli, 2007)  

Reduced recreational and social 

opportunities 

(Prezza, et al., 2001) 

Reduced activity space (Villanueva, Giles-Corti, Bulsara, 

McCormack, et al., 2012) 

Increased car dependency of children (Lopes, et al., 2014; Mackett, 2002) 

Increased urban traffic  (European Commission, 2002) 

Increased environmental pollution (U.S. Environmental Protection, 

2003)  

 

 

Figure 1-1: Percentage of overweight children across time for selected countries 
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The CRC though raises awareness of this issue, but in reality, the situation of children 

has not been alleviated as expected. Children are still considered as the most affected 

group by the pressures and hazards of urbanization because urban planning and place-

making often do not address the needs and demands of children (Lobo & Olson, 2000; 

UNICEF & UNDP, 2000). In order to comply with the spirit of these Articles, planners 

and policymakers need to facilitate the development of human settlements in a way 

that fosters children’s health and their participation in social and cultural life. The 

encouragement of CIM into urban design principles may be regarded as a prerequisite 

in fulfiling this goal. 

1.2 PROBLEM STATEMENT  

 Omission of the Topological BE in CIM Studies 

Research on CIM is increasingly being investigated worldwide due to its strong 

association with numerous policy benefits as outlined in Table 1-1. Studies spanning 

decades in developed countries have identified various built environment (BE) 

attributes that influence CIM (De Meester, Van Dyck, De Bourdeaudhuij, & Cardon, 

2014; Kyttä, 2004; Loebach & Gilliland, 2014; Prezza, et al., 2001; Villanueva, Giles-

Corti, Bulsara, Timperio, et al., 2012). As a result, national initiatives with increasing 

budget allocation to promote independent movement have been gaining popularity 

such as “we go to school alone” in Italy; “safe routes to school (SRTS)” in the USA 

and Denmark; and “pedestrian and cyclist safety” program in Europe and New Zealand 

(Bwire, 2011; Prezza, et al., 2009). Influenced by research evidence, the underlying 

strategy of these initiatives is to design the built environment (BE) to promote CIM. 

However, the BE indicators are derived based on mostly the geographic dimension of 

the BE following the 5D categories (i.e., Distance, Density, Diversity, Design, and 

Destination accessibility). Among the various studies on the geographic BE and CIM 

links, only a few studies have reported a consistent relationship between several factors 

and CIM. Despite their consistency (in terms of direction), the strength of association, 

however, varies substantially among the studies. For example, Broberg and Sarjala 

(2015) reported that a strong negative correlation exists between CIM and land use 

mix in Finland. In contrast, the relationship was found to be moderately negative in 

Bangladesh (Islam, Moore, & Cosco, 2014). A number of studies, however, reported 

that such a correlation does not exist at all - i.e., land use mix has no impact on IM of 

boys (Carver, Veitch, Sahlqvist, Crawford, & Hume, 2014). Further adding to this 
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complexity, an opposite relationship has also been reported in the literature for several 

BE factors. For example, most studies reported that a positive association exists 

between well-connected street networks and CIM (Braza, Shoemaker, & Seeley, 2004; 

Kerr et al., 2006). Monsur and Islam (2011), in contrast, reported that less connected 

road networks (e.g., dead-end street) are more likely to increase CIM. These 

contradictions and ambiguity in research findings raise the question of the true effect 

of the geographic indicators on CIM.  

This large body of literature on BE-CIM, however, mostly ignores the other 

representation of the BE measured using topological indicators as conceptualised in 

the space syntax literature (Hillier & Hanson, 1984). The topological and geographic 

BE are two different schools of thoughts in planning research. Geographic indicators 

of BE are based on the assumption that human movement is shaped by the metric 

distance between spaces and functional aspects of land-uses. Topological indicators, 

on the other hand, are based on the consideration that human movement is shaped by 

the configuration of a road network alone (Hillier & Hanson, 1984). In case of 

pedestrian movement (PM), while the latter thinks that visual distance/ number of turn 

from origin to destination (named as ‘depth’) is the key determinant, the former thinks 

it is the metric distance (Hillier, Penn, Hanson, Grajewski, & Xu, 1993). The 

application of space syntax measure to explain children walking behaviour is fairly 

limited despite its wide application to explain adult walking behaviour. However, the 

results of significant space syntax measures for adult/children walking cannot be 

entirely applicable for CIM because of two reasons: 

First, although there are ample studies on space syntax indicators to examine 

adult pedestrian behaviour, a preliminary investigation of these studies shows 

contradictory findings. For example, Baran, Rodríguez, and Khattak (2008) 

established a positive association between total utilitarian walking and two of the space 

syntax indicators (control and integration). On the other hand, Koohsari, Karakiewicz, 

and Kaczynski (2013) argued that these two variables have a negative association with 

the amount of walking among adults. In addition to the above directional 

inconsistencies, further evidence of inconsistency was found in the magnitude of 

associations. For example, Lee and Seo (2013) found that a space syntax indicator 

(connectivity) has a weak correlation with pedestrian volume whereas Peponis, Ross, 

and Rashid (1997) showed a strong correlation in a study in the USA;  
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Second, the determinants of CIM (include both active and passive travel) differ 

substantially from children’s and adults’ active travel patterns. This is why, unlike 

adult’s walking, ‘integration’ and ‘choice’ are found to have negative (Argin & Torun, 

2015) and positive (Helbich et al., 2016) association with children’s walking to school 

is found have negative associated with ‘integration’ (Argin & Torun, 2015) and 

positively associated with ‘choice’ (Helbich, et al., 2016), Zdrahalova & Boumova, 

2016 found no such relation between these measures and children’s walking.  

These contradictory findings also indicate the need for further research to 

explore the potential of topological dimensions of BE on CIM. Moreover, the need to 

apply space syntax-based indicators to study CIM has been highlighted in the 

literature. Cutumisu and Spence (2009, p.538) stated that “since current measures of 

urban form focus mainly on the role of land uses that may attract PM (e.g., location of 

playgrounds, presence of stores) as opposed to spatial configuration of areas, we 

recommend applying space syntax measures in research with children to determine if 

other aspects of both perceived and objective environments influence physical 

activity”.  

 Limited Studies Distinguishing the Differences of the BE Effects on CIM 

between Discretionary and Nondiscretionary Trips 

Apart from the above research gaps, the existing studies on the BE-CIM link are 

primarily focused on nondiscretionary type trips, which are mandatory in nature for 

school going children (e.g., travel to and/or from school). Research on adult walking 

behaviour clearly identified that factors affecting discretionary and nondiscretionary 

walking are substantially different (Koohsari, Karakiewicz, et al., 2013; Koohsari et 

al., 2016). More importantly, studies have shown that children make more 

discretionary trips than mandatory trips. For example, only one-third of daily trips 

made by Finish children are to and from school, while 52% trips are made to leisure 

activities, and the remaining 15% to other local destinations (Finish Transport Agency, 

2012 cited in Broberg, et al., 2013). These findings suggest that research should focus 

more on the environment that facilitates discretionary activities of children in order to 

enhance their discretionary CIM.  

 Inadequate Measurement of CIM 

Although CIM has been measured in various ways in existing BE-CIM literature, 

(e.g., territorial range (TR) or maximum distance travelled independently, mobility 
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licence from parents, independent time spent outside, and likelihood of a CIM trip 

(measured by accompaniment status)), a major problem with the applied CIM 

indicators is that they do not indicate the extent of CIM or the route choice for CIM. 

For example, a child is labelled as independent irrespective of whether the child is 

independent for all trips or a single trip. This weakness of previous studies suggests 

applying proportionate measures to understand the relationship between CIM and BE 

factors. Despite the wide application of proportion measure in active travel research of 

both children and adults (Falb, Kanny, Powell, & Giarrusso, 2007; Oliver et al., 2015; 

Xing, Handy, & Mokhtarian, 2010), it has little been applied in CIM research.  

On the other hand, despite ample studies on BE-CIM behaviour, children’s route 

choice for independent travel has yet been overlooked. Route choice behaviour is an 

approach to examine which BE characteristics stimulate pedestrians to choose routes 

to reach destinations by comparing characteristics of the actually travelled route with 

characteristics of the alternative/shortest routes (Dessing et al., 2016; Duncan & 

Mummery, 2007; Koh & Wong, 2013). In general, route choice for children’s travel 

behaviour is understudied. However, the available studies revealed that BE attributes 

of routes play an important role in children’s route choice for their active travel to 

school (Ozbil, Argin, & Yesiltepe, 2016; Rodriguez et al., 2015).  

In the route choice studies, predominantly, ‘shortest route’ over any other route 

alternatives has been extensively analysed because distance is consistently found to be 

associated with PM. However, a closer examination of the literature found that mostly 

the geographic shortest distance was explored. These studies claimed that geographic 

shortest route alone could explain 50-80% of route choice decision (Guo & Loo, 2013; 

Seneviratne & Morrall, 1985). Consequently, the geographic shortest route is receiving 

importance in policymaking and BE design. However, ‘shortest route’ can also be 

conceptualised and measured by the visual distance/directional change (named as 

depth) between origin and destination (by using space syntax concept) (Hillier & 

Hanson, 1984). Although, both shortest distance and least directional routes have been 

found as important determinants of pedestrian behaviour, in route choice studies, 

directional distance received less importance. A recent route choice study also 

indicated the importance of least directional routes for adult’s movement (Shatu, 

Yigitcanlar, & Bunker, 2019). Exclusion of least directional distance in route choice 

studies can lead to unreliable empirical findings. This practice can misguide BE 
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professionals who are working to promote active/independent travel of children. As a 

result, a need arises for comparison of actual routes with shortest geographic and least 

directional routes to understand how the BE attributes of these routes influence 

children to a choose route for CIM.  

The above discussion leads to the following three research questions: 

1. Which of the BE factors are reported with a consistently strong correlation with 

CIM in the literature?  

2. How do topological and geographic features of the BE affect CIM and how 

they differ between discretionary and nondiscretionary trips?  

3. How does the BE affect children’s independent route choice behaviour? 

1.3 RESEARCH AIM, OBJECTIVE AND RESEARCH QUESTION 

The aim of this research is to advance understanding about BE-CIM associations 

with the inclusion of topological BE, innovative indicators of CIM (route choice and 

proportion) along with known indicators, and stratified analysis by discretionary and 

non-discretionary trip. This research provides new insight into how the design of the 

BE can enhance or restrict CIM behaviour. The research objectives are: 

Table 1-2: Research questions and research objectives 

Research Question Research Objective Source of 

Data 

1. Which of the BE 

factors are reported 

with a consistently 

strong correlation 

with CIM in the 

literature? 

1.1. To identify a list of geographic factors that 

have significant associations with CIM and to 

derive the magnitudes, directions, and 

consistency of association of the identified 

geographic factors on CIM 

Literature 

review 

1.2 To review and identify different topological 

indicators as used in space syntax literature to 

explain PM and to synthesise the magnitudes, 

directions, and consistency of these associations  

1.3. To identify the potential of space syntax 

indicators to influence CIM 

2. How do topological 

and geographic 

features of the BE 

affect different 

indicators of CIM, 

2.1 To investigate the impact of topological and 

geographic BE factors on likelihood of CIM trips 

between discretionary and nondiscretionary trips 

Empirical 

research 

2.2 To identify the topological and geographic BE 

factors that have an impact on independent 
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and how do they 

differ between 

discretionary and 

nondiscretionary 

trips?  

territorial range (TR) and how the impact varies 

between discretionary and nondiscretionary trips. 

2.3 To identify if topological and geographic BE 

impacts the proportion of CIM and to test the 

validity of the impacts between discretionary and 

nondiscretionary CIM 

3. How does the BE 

affect children’s 

independent route 

choice behaviour? 

3.1 To determine the relative influence of 

geographic distance and directional change on 

CIM route choice 

3.2 To identify the independent effects of 

topological and geographic BE on route choice 

for CIM after controlling for route distance and 

route direction. 

Empirical 

research 

1.4  ANALYTICAL FRAMEWORK 

Figure 1-2 outlines the analytical framework applied in this research to address 

three research questions and corresponding research objectives. The respective 

chapters, as mentioned in the framework, include a detail description of these steps. 

Briefly, the literature review included five themes: a) CIM behaviour, its potentials 

and barriers; b) BE factors affecting CIM behaviour; c) space syntax concepts, 

methods and indicators to understand pedestrian behaviour; d) pedestrian route choice 

behaviour and BE factors associated with it; and e) the process of meta-analysis of 

literature on the relationship between BE and CIM/PM. The findings from the 

reviewed literature helped to a) run the meta-analysis to answer the first research 

question; b) design of a questionnaire which included travel diary and mapping 

activities of children to conduct the survey with; and c) develop the list of BE factors 

that can affect CIM for virtual BE audit and space syntax analysis. The survey gathered 

information about children’s accompaniment of each trip, mode of transportation, and 

the routes taken by children to reach destinations. The travel diary data served to 

identify the CIM trips, frequency of CIM trips to different discretionary and 

nondiscretionary destinations. The reported routes were used to measure territorial 

range for CIM. The origin and the destinations of the actual routes were used to 

generate a route choice set for each child. Each route choice set consisted of three 

alternatives: a) actual route; b) shortest geographic distance route; and c) least 

directional route. Finally, the objectively measured BE data were used to assess their 

significance in CIM trip likelihood, territorial range of CIM, the proportion of CIM 
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trips, and route choice for CIM. All CIM indicators other than route choice was further 

compared between discretionary and nondiscretionary trips. Due to an overlapping 

among route choice alternatives, a substantial amount of route-choice sets was 

excluded from the analysis and the remaining sets did not allow further stratification. 

For operational convenience, the research is arranged into six parts (Figure 1-2). 

The first research question is answered by Part 1 and 2 through literature reviews. Part 

1 and 2 address two objectives of the respective research question. Research question 

2 and 3 were answered by empirical analysis. Part 3, 4 and 5 highlight the three 

objectives of the second research question while Part 6 answers the third research 

question by employing suitable statistical analysis depending on the nature of outcome 

variables. Figure 1-2 indicates the data source to conduct the studies.
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Figure 1-2: Analytical framework applied in this research
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 Figure 1-3: Research overview 

1.5 STRUCTURE OF THE THESIS 

The thesis is comprised of nine main chapters, and their content is outlined as 

follows: 

Chapter 1: This chapter presents the introduction of the research area and the 

topic. It highlights the background of the research and the rationale for selecting this 

topic for further study. This chapter also includes research questions, research aim and 

objectives, analytical framework that is applied to this research. 
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Chapter 2: This chapter starts with a discussion on how CIM is defined, 

operationalised, and major barriers to implementation. The chapter identifies 

influential factors affecting the CIM. It also outlines the space syntax concept, how it 

is operationalised in travel behaviour research, and the impact of space syntax 

measures on PM. The chapter ends with addressing the route choice behaviour and BE 

factors affecting pedestrian’s route choice behaviour. 

Chapter 3: This section addresses the 1st objective of research question 1 (Part 1, 

Figure 1-3) through a meta-analytic review of existing literature to locate the most 

critical and consistent geographic BE variables. This chapter also identifies some 

methodological gaps in geographic BE-CIM research. Finally, the chapter provides a 

quantitative summary of the relation between various geographic BE factors and CIM, 

as reported in previous studies.  

Chapter 4: This chapter addresses the second and third objectives of research 

question 1 (Part 2, Figure 1-3). This chapter concentrates on the identification of the 

quantitative relationship between ‘space syntax’ measures of the BE and walking 

behaviour followed by the identification of the most significant space syntax measures 

for walking. Note that while Chapter 3 focuses on CIM, Chapter 4 addresses walking 

behaviour in general given the scarcity of research on the relationship between space 

syntax measures and CIM. The findings help to find out the potentials of different 

space syntax measures for CIM. 

Chapter 5: This chapter outlines the development of the methodology that will 

be used in this research to answer the empirical research questions (Question 2 and 3). 

At first, this chapter sets out the data requirement of this research to reach the discussed 

aim and objectives; then, it outlines the process of finalizing the methods to be used to 

collect the required datasets. Finally, the chapter ends up with the analytical techniques 

to be employed in this research. 

Chapter 6: This chapter presents Part 3 (Figure 1-3) by summarizing the findings 

of BE-CIM trip to a specific destination link for overall CIM, discretionary CIM and 

nondiscretionary CIM. The first section introduces the objective of this part of the 

study. Then the data is described. The third section presents the results with a light on 

significant geographic and topological BE factors for CIM. Finally, the discussion is 

presented. 
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Chapter 7: The results of territorial range for CIM (Part 4, Figure 1-3) are 

presented in this chapter. The chapter has the same arrangement as the previous 

chapter, starting with an introduction to the study, followed by the measurement of the 

territorial range and the explanation of the data analysis. Then, the results of the three 

models: territorial range for overall, discretionary and nondiscretionary CIM trips and 

the discussion section are presented.  

Chapter 8: This chapter presents the results of the association between BE- 

proportion of CIM trips (Part 5). This chapter starts with an introduction to the study, 

followed by an explanation of the data preparation and analysis. Then the results of 

three models: the proportion of overall, discretionary and nondiscretionary CIM and 

the discussion section are presented. 

Chapter 9: This chapter identifies the various BE factors that affect route choice 

for CIM from Part 6. Similar to the previous chapter, this chapter also starts with an 

introduction to the study, followed by an explanation of choice-set generation, data 

preparation and statistical analysis. The also determines the relative influence of 

distance and depth on route choice for CIM. This chapter ends with summarising the 

model results and discussing them.  

Chapter 10: The last chapter in this thesis presents a synthesis of research 

findings followed by a discussion of the significance and implications of this research 

and its contribution to scientific knowledge, policy and practice. This chapter also 

outlines the limitations of this research and presents directions for further research to 

overcome limitations. Then the conclusion of this research is presented.  
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 Literature Review 

2.1 INTRODUCTION 

This research aims to understand how topological and geographic attributes of 

the BE affects CIM, and how the effects vary between discretionary and 

nondiscretionary trips. This chapter reviews the literature on CIM and its 

association/potential association with the design of the built environment (BE). 

Section 2.2 explores the definition, measurement, trends of CIM and major barriers to 

promote CIM. This section also reviews different theoretical frameworks applied in 

the literature to explain CIM. A brief description of the impact of different objective 

and subjective attributes of BE on CIM has been highlighted in section 2.3. This 

section also synthesises the impact of socioeconomic, demographic and contextual 

factors on the mobility behaviour of children that have a direct or indirect influence on 

CIM. The space syntax concept, method and indicators to understand pedestrian 

behaviour are outlined in section 2.4. Section 2.5 illustrates route choice behaviour and 

its association with BE. The last section (Section 2.6) summarises the significant gaps 

identified in the research of CIM.  

2.2 CHILDREN’S INDEPENDENT MOBILITY (CIM) 

 Definition and Measurement of CIM 

Children’s independent mobility (CIM) is typically defined as “the freedom of 

children to travel around their neighbourhood to city without adult supervision” 

(Tranter & Whitelegg, 1994) or “the ability of children and adolescents to walk or 

cycle around their neighbourhood without adult accompaniment” (Carver et al., 2010). 

Another study defined CIM as the frequency with which children play and move 

around outdoors by themselves (e.g., go to school, club or an association, friends 

house, go to shopping, play outdoors unsupervised) (Prezza, et al., 2009).  

CIM has been conceptualized in various ways in the literature. In the earliest 

studies, mobility was analysed by measuring the territorial range (TR), which means 

the geographical distance from children’s home to places where children are allowed 

to wander when playing and socializing (Van Vliet, 1983). Later, CIM was measured 

by the degree of a mobility licence, which refers to sets of rules defined by parents and 
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permission granted for children (Kyttä, 1997b; O'Brien, Jones, Sloan, & Rustin, 2000). 

This approach was supported by studies on the degree of licences or prohibitions, to 

go to certain places like the homes of peers or shops (Prezza, et al., 2001; Woolley, 

Spencer, Dunn, & Rowley, 1999). However, some studies stated that children should 

not be seen as passively obeying the parentally imposed mobility restrictions. That is 

why instead of mobility licence, these studies measured self-reported CIM to different 

local destinations (Broberg & Sarjala, 2015; Lopes, et al., 2014). The fourth type of 

measurement focused on children’s actual mobility within a certain period of time by 

using mobility diaries (Tillberg Mattsson, 2002).  

In summary, CIM has been conceptualized and measured in four ways: 

likelihood of a CIM trip to a particular destination, territorial range of CIM, parental 

licence for CIM and CIM time spent outside. Table 2-1 provides a detailed description 

of these indicators and differentiates between their operational techniques. Table 2-1 

also shows that all of the CIM indicators have been used widely in the literature. Note 

also that each of these indicators has been operationalised for both independent 

walking and cycling as a mode of movement.  

Table 2-1: Indicators of CIM  

Indicators  Explanation Citation 

Likelihood 

of CIM trip  

Whether a child 

made an 

independent trip or 

not to a specific 

destination 

(Alparone & Pacilli, 2012; Björklid, 2004; Broberg, 

Salminen, & Kyttä, 2013; Broberg & Sarjala, 2015; 

Fagerholm & Broberg, 2011; Johansson, 2006; Kyttä, 

2004; Larsen et al., 2009; Lopes, et al., 2014; Tranter & 

Whitelegg, 1994; Zwerts, Allaert, Janssens, Wets, & 

Witlox, 2010) 

Territorial 

range (TR)/ 

CIM range 

How far from home 

a child moves 

independently 

(Carver, Panter, Jones, & van Sluijs, 2014; Fyhri, 

Hjorthol, Mackett, Fotel, & Kyttä, 2011; Ghekiere et al., 

2016; Loebach & Gilliland, 2014; Monsur & Islam, 

2011; Schoeppe, Duncan, Badland, Rebar, & 

Vandelanotte, 2016; Villanueva, Giles-Corti, Bulsara, 

McCormack, et al., 2012) 

Mobility 

licence/ 

CIM licence 

Whether a child is 

allowed by parents 

to travel 

independently  

(Carver, Timperio, & Crawford, 2012; Christian et al., 

2015; Drianda, Kinoshita, & Said, 2015; Fagerholm & 

Broberg, 2011; Ghekiere, et al., 2016; Kyttä, 1997a, 

2004; O'Brien, et al., 2000; Stone, Faulkner, Mitra, & 

Buliung, 2014; Tranter & Whitelegg, 1994) 

Independent 

mobility 

time/CIM 

time 

How much time a 

child stays outside 

of home 

independently 

(Broberg, Salminen, et al., 2013; Islam, et al., 2014; 

Loebach & Gilliland, 2014; Monsur & Islam, 2011) 

A major problem with these indicators is that they do not indicate the frequency 

of CIM or the extent of CIM in comparison to the overall mobility of a child. These 
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indicators also do not indicate the reason for choosing a particular route over others by 

a child while travelling independently. The proportion measure and route choice 

analysis can fill up these gaps. A proportion is a type of ratio that relates a part to a 

whole (LaMorte, 2016). Despite the wide application of proportion measure in active 

travel research of both children and adults (Falb, et al., 2007; Oliver, et al., 2015; Xing, 

et al., 2010), it has little been applied in CIM research. Similarly, in the field of active 

transport, several studies used route choice analysis to explain what properties of a 

particular route make the route preferable than other routes to a pedestrian (Broach, 

Gliebe, & Dill, 2010; Guo & Loo, 2013; Rodriguez, et al., 2015).  

 Theoretical Perspective of CIM Study 

Two well-established theories have been used extensively in the literature to 

explain children’s mobility behaviour: the “Socio-ecological” model and the model of 

“territorial range”. 

2.2.2.1 Social-ecological model 

Social-ecological models were developed to understand the dynamic interaction 

between people’s various physical and sociocultural environments (Sallis et al., 2006). 

Social ecology is derived from the ‘Bio-ecological model’ coined by Bronfenbrenner 

(1979). The Bio-ecological model claims that human behaviour is a construct of the 

environment. The model was drawn heavily on Kurt Lewin’s theory that behaviour is 

a function of a person and the environmental relation, B= f (PE), where B= Behaviour, 

P= Person and E= Environment (Equation 2-1). The bio-ecological model considers 

children at the centre of the model when considering the biological and interpersonal 

characteristics. In contrast to the traditional psychological model of perception, 

motivation, thinking and learning, this new model drew attention to the content of what 

is perceived, feared, thought about, or acquired as knowledge and how the nature of 

this psychological material changes as a function of a person’s environmental 

interaction and exposure (Bronfenbrenner, 1994).  

Behaviour= f (Person, Environment)           (2-1) 

Bronfenbrenner’s model considered an environment as a hierarchical structure 

where the ecological environment was conceived as a set of five nested and 

interconnected structure (Figure 2-1). The systems are as follows: 
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Figure 2-1: Bronfenbrenner’s ecological systems theory 

Microsystem- (intrapersonal/interpersonal features) This is the innermost layer 

of the model. This context is closest to an individual and encompasses direct and 

interpersonal interactions with the immediate surrounding of nature. E.g., family, 

neighbourhood playground, schoolyard. 

Mesosystem- (institutional/organisational factors) This includes the connection 

between various sets of microsystem. This system needs to be supportive of positive 

child development outcome (relationship between a child’s family and his/her school). 

Exosystem- (community level influence) Exosystem is the setting where the 

child does not physically live but is influenced by them. For example, parent’s 

workplace, financial difficulties within the family. Exosystem does not directly affect 

or involve the child; rather, it encompasses aspects within the microsystem. 

Macrosystem- (cultural contexts/policy) This is the outermost system of the 

model which includes social or cultural beliefs that affect an individual’s environment, 

such as society’s law, and culture. 

Chronosystem- This set includes the temporal dimension of the model; changes 

in societal values, norms, and needs over time, that in turn, influences children’s 

development.  
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2.2.2.2 Territorial range 

The conceptual model of ‘Territorial Range’ (TR) as proposed by Moore and 

Young (1978) for an environment-children behaviour study incorporated several 

additional dimensions (number, variety, occupancy time, the spatial distribution of 

place behaviour). TR defines “the collective spatial realm of experiential breath and 

diversity” (Moore & Young, 1978, p. 92). It is a dynamic phenomenon that extends 

and develops through the interaction of child and environment. Range extension is 

considered as an ongoing process of exploration, manipulation and transformation of 

the environment by children. It is largely controlled by aspects like parental 

restrictions, mode of travel, accessibility, private-property rights, physical dangers like 

traffic, and unfriendly neighbours. The TR consists of three levels of involvement 

named ‘habitual’, ‘frequented’ and ‘occasional’. Habitual range includes close to 

home behaviour, which begins to develop in early childhood. Frequented range 

reflects the temporal flexibility of weekend and vacation periods, whereas occasional 

range behaviour relates to exotic destinations beyond the frequented range that are an 

experiential opportunity for some children. 

 

Figure 2-2: Three types of territorial range/domain proposed by Moore and Young 

(1978), Source: Loebach and Gilliland (2014) 

 Benefit of CIM from the Perspective of city and Society 

As discussed earlier, CIM benefits children’s health and wellbeing. Research 

(Table 2-2) has also identified some broader influences of CIM on society (Kyttä, 

2004). Previous research has found that children are not the only sufferer from their 
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limited movement in living surroundings but also their parents and the city as a whole 

suffer (Karsten & van Vliet, 2006). An increase in CIM decreases parents’ 

chauffeuring time and workload. On the other hand, children’s greater presence in the 

public realm can encourage several positive changes for the society, e.g., increase of 

informal social control. Besides, the overall environmental sustainability and vibrancy 

in community life can be achieved by the promotion of walking and IM. 

Table 2-2: CIM benefits from city’s and society’s perspective 

Perspective 

from 

Benefit Explanation Citation 

City Reduction in 

traffic volume 

Reduced car dependency and 

journey to school decrease city 

traffic 

(Tranter & 

Doyle, 1996) 

Reduction in air 

pollution 

Reduced motorized vehicles for 

children transport reduces air 

pollution in the city 

(U.S. 

Environmental 

Protection, 

2003) 

More adult 

walking in the 

public realm 

Children presence in the public 

realm encourage adults to walk 

(Prezza, et al., 

2009) 

Increased informal 

social control 

Intergenerational area can be kept 

under natural surveillance 

(Prezza, et al., 

2009) 

Increased 

community 

liveability 

More children walking makes the 

whole community environment 

vibrant and habitable 

(Tranter & 

Pawson, 2001) 

Society More free time for 

parents  

Parents get free time from 

Chauffeuring 

(Tillberg 

Mattsson, 2002) 

Reduced workload 

and mental stress 

of parents 

Relaxed CIM restrictions help to 

reduce mothers’ workload 

(Gershuny, 

1993) 

 Transformation of CIM through Shrinking ‘Territorial Range’ and 

‘Mobility Licence’ 

2.2.4.1 Shrinkage of ‘Territorial Range’ 

Shrinkage of the territorial range (TR) has been identified as a significant visible 

transformation among children over decades. The TR varies with the contextual 

change. Compared to England, Australian children have a smaller territorial range 

(Carver, et al., 2013). For example, in Australia, 32% of children aged 8-12 years walk 

or cycle independently 100m from home (Veitch, Salmon, & Ball, 2008). On the 

other hand, in England 35% of 7-11 years old children are allowed to travel 500m 

autonomously from home and 30% up to a distance of 0.5 km-1 km (Shaw, et al., 
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2013). More than 20 years ago, a UK study highlighted the dramatic loss in child’s 

independent TR from 10 km in 1919 to 300m in 1990 (Hillman, Adams, & Whitelegg, 

1990). Concomitantly, shrinkage of the activity domain of children has also been 

evident. One recent study in Canada reported that only 15% of 9-13 years old children 

venture more than 200m from their home independently (Loebach & Gilliland, 2014). 

Some barriers for a TR such as increasing mobility restriction, negative perception of 

parents regarding the local environment, the design of the BE and the contextual 

variations have been listed in Table 2-3. 

Table 2-3: Barriers of territorial range 

Barrier Key Finding Citation 

Mobility licence  Adults’ restrictive attitude to permit 

licence reduces CIM range  

 (Fyhri, et al., 

2011) 

Parents perception CIM range shrinks with parent’s 

negative perception of the local 

environment  

(Prezza, Alparone, 

Cristallo, & Luigi, 

2005) 

Living 

environment 

Absence of nearby children facilitates, 

e.g., play areas, parks decrease CIM 

range 

(Gaster, 1991) 

Geographic 

context 

City children have less IM range (Van Vliet, 1983) 

 

2.2.4.2 Shrinkage of ‘Mobility Licence’ 

Parents or guardians are important decision-makers for children’s independent 

travel behaviour. They usually permit licence to their children to perform more IM 

between the ages of 8 and 12 years because of noticeable growth in children’s physical 

and cognitive capabilities (WHITZMAN & MIZRACHI, 2009). A licence “reflects 

parental judgments about the degree of maturity and competence required by their 

children to cope safely with perceived dangers that lie outside the home”(Hillman, et 

al., 1990). Substantial shrinkage of mobility licence for children in western societies 

confirms that parents’ attitudes have shifted in generations (Shaw, et al., 2013). 

Nowadays, due to a safety concern, parents permit significantly less freedom for their 

child’s independent travel and outdoor play compared to 1970s (Hillman, et al., 1990). 

While a broad range of socio-demographic factors might influence the relationship 

between parental concern and CIM as established in previous studies (Schoeppe, et al., 

2016), it is essential to consider the role of neighbourhood BE. Evidence suggests that 
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the influence of parental concern, social norms, and neighbourhood BE are somewhat 

intertwined (Foster, Villanueva, Wood, Christian, & Giles-Corti, 2014).  

2.3 FACTORS AFFECTING CIM 

This section summarises the influence of different types of factors on children’s 

independent mobility (CIM) behaviour. This research not only is concerned about the 

relationship of BE and CIM but also the relative impact or potential chance of other 

variables on this association. The factors discussed here are built environment, 

psychological, contextual and socio-economic.  

 Built Environment (BE) Factors 

The BE has been consistently shown to be an important correlate of CIM. It 

encompasses a number of the human-made dimensions including land use pattern, 

street design, aesthetics and other physical attributes that impact children’s interaction. 

Again, within each of these dimensions, a number of factors have a significant 

influence on CIM.  

BE factors which are often referred to as “3Ds” in travel behaviour research 

illustrates three Ds: density, diversity, and design. The 3Ds model was coined by 

Cervero and Kockelman (1997) to investigate the linkage between neighbourhood BE 

(e.g., land use) and transport activities. The model was updated later with two more 

Ds, destination accessibilities and distance to transit (Ewing & Cervero, 2001; Ewing 

et al., 2009). The application of “5Ds” model in the assessment of active travel research 

provides the hint that the model could be a feasible framework to examine CIM from 

the perspective of BE change (Cervero, Sarmiento, Jacoby, Gomez, & Neiman, 2009; 

Lee, 2015). Despite the decades-long examination of various geographic BE factors, a 

proper application of the 5Ds model in CIM research is rare. Table 2-4 portrays an 

overview of research findings on BE-CIM relationships which are categorised 

according to the under the 5Ds model. 
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Table 2-4: Correlation between BE and CIM 

BE 

Attribute 

Indicator Explanation Correlatio

n with 

CIM 

Citation 

Density Population 

density 

Population density and 

other available 

relevant territorial 

information 

Negative (Lopes, et al., 2014) 

Residential 

density 

Residential units per 

km2 

Negative (Loebach & Gilliland, 

2014) 

Positive (Broberg, Salminen, et 

al., 2013; Prezza, et al., 

2001) 

Building 

density 

Area of floor space/ 

land (sqm) in the 

residence area  

Positive (Lin & Chang, 2009) 

Diversity Land use 

mix 

Proportion of each 

land use squared and 

summed 

Positive (Carver, Panter, et al., 

2014) 

Negative (Broberg & Sarjala, 

2015; Islam, et al., 

2014) 

Distance Distance to 

destination 

Distance to school Negative (Islam, et al., 2014; 

Loebach & Gilliland, 

2014; Monsur & Islam, 

2011) 

Distance to park Negative/ 

Neutral 

(Christian, et al., 2015; 

Prezza, et al., 2001)/ 

(Christian, et al., 2015) 

Destination 

Accessibilit

y 

Availability 

of local 

destinations 

Count of available 

destinations within 

800m of a child’s 

home 

Negative (Villanueva, Giles-

Corti, Bulsara, 

McCormack, et al., 

2012) 

Recreationa

l and retail 

facilities 

Count of recreational 

and retail facilities 

within 800m of child’ 

home 

Positive  (Villanueva, Giles-

Corti, Bulsara, 

Timperio, et al., 2012) 

Commercia

l facilities 

Proportion (%) of 

commercial units 

within a buffer 

Positive (Loebach & Gilliland, 

2014) 

Design Street 

connectivit

y 

Number of 3 or more-

way connection 

Positive  (Villanueva, Giles-

Corti, Bulsara, 

Timperio, et al., 2012; 

Villanueva et al., 2013) 

Walkability Measured by street 

connectivity and road 

volume exposure 

Positive  (Carver, Veitch, et al., 

2014; Villanueva, et 

al., 2013) 

Dead-end The street closed at 

one end 

Positive (Monsur & Islam, 

2011) 

Traffic 

volume 

Low volume of traffic Positive  (Villanueva, Giles-

Corti, Bulsara, 

Timperio, et al., 2012) 

High volume of traffic Negative (Tranter & Doyle, 

1996) 
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Intersection 

density 

Number of 

intersections within a 

buffer area 

Negative (Islam, et al., 2014) 

Number of 

crossing 

Number of street 

crossing from home to 

destination 

Negative (Monsur & Islam, 

2011) 

Negative (Lin & Chang, 2009) 

Proportion 

of the main 

road 

Length of primary 

roads divided by total 

road length 

Negative  (Carver, Panter, et al., 

2014) 

Sidewalks Presence/ absence of 

sidewalks to 

destinations 

Positive (Loebach & Gilliland, 

2016) 

Percentage length of 

sidewalks 

Positive (Lin & Chang, 2009) 

Destination 

Scale 

Size (m2) of destination Negative (Villanueva, Giles-

Corti, Bulsara, 

Timperio, et al., 2012) 

Block size Average size (m2) of 

the blocks in a child’s 

residential area 

Negative (Lin & Chang, 2009) 

2.3.1.1 Density  

Density measures the variable of interest (e.g., population, dwelling unit, 

building floor area, building footprint area) per unit gross/net area (e.g., hectares, 

kilometre).  

• Population density  

Population density is often regarded as an indicator of the degree of urbanization 

of the research context in CIM studies. Urbanization leads to a change in the built 

environment of neighbourhoods and thereby influences the CIM in many ways. The 

limited research exploring the direct relationship between the degree of urbanization 

and CIM found that rising urbanization is leading to a decrease of independent, active 

school-home travel and leisure time activities (Lopes, et al., 2014). Urbanization in 

this study has been measured objectively by population density per km² in the context 

of the inner city, small town and rural area of Portugal. Other studies which categorised 

the context into two types; urban and suburban have shown that children living in the 

city where population density is higher have limited IM compared to the IM of 

suburban children (Kyttä, 1997b; Van Vliet, 1983). On the other hand, children (i.e., 

boys) from rural areas get more freedom to get out after dark, cycle on the roads and 

cross the road (Kyttä, 1997b). Therefore, a rise of urbanization not only discourages 

children’s autonomous movement it also leads to a rise of children’s mean age for IM 

as well (Lopes, et al., 2014). 
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• Residential and building density 

Land use density is defined as the number/amount of specific land uses (e.g., 

residential density, building density) located within a unit area of land. Some studies 

found that higher residential density (number of housing units per hectare) promotes 

increased CIM range (Broberg, Salminen, et al., 2013; Prezza, et al., 2001). Prezza, et 

al. (2001) also elaborate the findings that higher density and compact arrangement in 

the neighbourhood both in terms of people and structure are believed to reduce the 

distance by increasing proximity, thereby increasing the extent of CIM. However, a 

study by Loebach and Gilliland (2014) based on 143 Canadian children found an 

opposite result that showed more residential footprint in a neighbourhood (measured 

per km²) decreases CIM time. Another study by Broberg and Sarjala (2015) also found 

that increasing housing density en-route to school is less likely to promote independent 

walking or cycling by children. Contrasting with residential density, building density 

(floor space/land) encourages independent walking and cycling from school (Lin & 

Chang, 2009).  

2.3.1.2 Diversity  

Diversity measures the degree to which different types of land uses are located 

in a given area, reducing the need to travel outside of the neighbourhood for a common 

trip purpose. It is believed that if suburban development is dominated by single-use, 

trip lengths, and dependency on car travel experience a substantial increase (Cervero, 

1989).  

Diversity, as well as land use mix, is defined as the evenness between 

proportions of residential, commercial, office, institutional and recreational land uses 

(Frank, Andresen, & Schmid, 2004). According to this study, land use mix ranges from 

0 to 1, with 0 representing single land use, such as purely residential area and with 1 

representing a perfectly even distribution of all type of mixes within an area. Land use 

mix has been measured differently in different CIM studies. For example, Islam, et al. 

(2014) measured the summation of all mix-use building footprint area within a zone, 

whereas Carver et al. (2014, p. 27) measured land use mix by the “proportion of each 

land use squared and summed”.  

Since mixed land use decreases spatial distances between origin and destination, 

parents are more inclined to let their children travel independently and found mixed 
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land use is a supportive correlate for children’s outdoor physical activities in general 

(Ding, Sallis, Kerr, Lee, & Rosenberg, 2011). However, the CIM literature reported a 

mixed result. For example, Broberg and Sarjala (2015) and Islam, et al. (2014) reported 

that land use mix measured by building use mix and mix-use building footprint in 

Finland and Bangladesh respectively was likely to impact CIM negatively”. On the 

other hand, the relationship was positive for children (i.e., girls) to travel to school 

independently in the UK (Carver, Panter, et al., 2014). Carver, Panter, et al. (2014) 

also reported that such a positive correlation with greater land use mix is less likely for 

boys’ independent walking and cycling to school. In general, mix-use of land is also 

believed to decrease trip distance, thereby increasing the potential of IM to close 

destinations (Carver, Veitch, et al., 2014).  

2.3.1.3 Distance to destination 

Distance measures how far one must travel to access destinations. It is the most 

frequently examined BE variable in connection with CIM. The common expectation 

is that long-distance to destinations in local environment would decrease CIM. 

Distance is defined by the unit distance (e.g., feet, metre, kilometre) from an origin to 

a destination. Both ‘crow fly’ distance (the straight-line distance between two points) 

(Broberg & Sarjala, 2015) and ‘network distance’ (measured by the shortest distance 

that one must travel along street network between origin and destination) (Fyhri & 

Hjorthol, 2009) were applied in CIM research. Studies repeatedly suggest that distance 

from home to school has a strong negative association with CIM (Loebach & Gilliland, 

2014; Monsur & Islam, 2011). It is also evident that proximity of school might increase 

relaxation of mobility restriction (Loebach & Gilliland, 2014). 

Distance to local destinations other than a school can also influence CIM. For 

example, Christian, et al. (2015) show that CIM is less likely when the distance to 

small-sized parks in neighbourhood increase. In the UK and Italy also, living near a 

park is associated with positive CIM (Mackett, Brown, Gong, Kitazawa, & Paskins, 

2007; Prezza, et al., 2001). However, proximity to various local destinations alone is 

not sufficient: instead, it needs to be combined with other land use attributes to analyse 

the effect of distribution of functions in neighbourhoods (Kytta, 2002, Villanueva, et 

al., 2012b).  

The ‘walkable’ distance for children defined as the distance travel and/or 

allowed to travel has been reported in an inconsistent way in the literature. For 
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example, Timperio, Crawford, Telford, and Salmon (2004), suggest walkable distance 

for Australian children aged 11-12 years is 1.6 km as reported by their parents. Another 

study from the US also agreed with this distance and suggests that 40% of children 

aged 10-14 years are more likely to walk to school if they live within 1 mile (i.e., 

1.6km) (McDonald & Aalborg, 2009). On the other hand, there are some studies which 

objectively measured BE and potential IM destinations for children (aged 10-12 years) 

within a buffer of 800m assuming that independent walkable distance for children will 

remain within this buffer (Carver, Panter, et al., 2014; Villanueva, Giles-Corti, 

Bulsara, Timperio, et al., 2012).  

2.3.1.4 Destination accessibility  

Destination accessibility is defined as the distance and fast access from an origin 

to the closest destination points or daily activities within either a given area or any 

given travel time. As the distance of destinations has been covered in the D describing 

distance, this point only covers the availability of local destinations in relation to CIM. 

Very limited CIM studies so far have examined the availability of various local 

facilities despite its well-established importance for children’s outdoor physical 

activities. Availability of local destinations is important in two ways: the number of 

destinations and distribution of destinations. Prior studies calculated this variable in 

different ways (i.e., number, proportion). A review of the literature shows that the 

relationship between the availability of local destinations and CIM is not mono-

directional; rather reciprocal where both influence each other. For example, a study 

based on 1480 Australian children aged 10-12 years calculated the availability of non-

school local destinations and found a significant impact of the number of available 

local destinations (n= 15) on CIM (Villanueva, Giles-Corti, Bulsara, Timperio, et al., 

2012). Similarly, the finding that affordance of the local environment in Finland is 

associated with CIM by (KyttÄ, 2002) also aligns with the prior study finding and 

measurement procedure. On the other hand, children with a higher level of IM is found 

to visit more destinations than children with less IM (Villanueva, Giles-Corti, Bulsara, 

Timperio, et al., 2012). Not all destinations necessarily encourage CIM, but it is 

evident from this study that the destinations related to children’s interest (e.g., park, 

shops, and friend’s house) are the familiar places where they travel. 

Proportion of commercial land within 800m of a child’s home is a predictor for 

more CIM (Loebach & Gilliland, 2014). Aligning with this statement, researchers 
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found that presence of more local recreational and retail facilities (in number) 

encourages boys’ likelihood of travel independently (Villanueva, Giles-Corti, Bulsara, 

Timperio, et al., 2012). However, the contradiction also exists. For example, the 

presence of more utilitarian destination has been reported to shrink children’s activity 

domain (Villanueva, et al., 2012a). The lack of accessible destinations close to home 

is also identified as a barrier for CIM (KyttÄ, 2002; Prezza & Pacilli, 2007; Van der 

Spek & Noyon, 1995).  

2.3.1.5 Design 

Design in 5Ds model addresses street network characteristics of a given area. 

Street network varies from the context of a dense urban grid to a non-dense suburban 

grid, from highly interconnected straight roads to curve streets with loop or cul-de-

sacs. Design measure also includes other aspects of street network design, such as 

block size, the number of four-way intersections, the number of intersections within a 

unit of area, sidewalks, street widths, number of pedestrian crossing, street trees, other 

physical variables, etc. that can affect pedestrian mobility environment. Generally, 

smaller blocks connected with walkways, a smaller number of cul-de-sacs, grid-iron 

road patterns and other pedestrian facilities are considered as preconditions for more 

active travel. A growing number of studies have investigated the associations between 

CIM and different variables under street design category. 

• Street Connectivity 

Street connectivity is measured by the number of three or more-way intersection 

present in per unit area. Well-connected street networks increase proximity to 

destinations and provide multiple route options (Chin, Van Niel, Giles-Corti, & 

Knuiman, 2008). A neighbourhood characterized by well connected, low traffic streets 

has been reported to have a positive influence on girl’s IM (Villanueva, Giles-Corti, 

Bulsara, Timperio, et al., 2012; Villanueva, et al., 2013). In contrast to these findings, 

there are also studies claiming that more connectivity is associated with lower rates of 

independent movement to destinations and independent time outside. For example, in 

the context of a highly urbanized city in Bangladesh, research has shown that dead-

ends (opposite to connected street) characterised by the streets closed at one end 

promote TR as well as independent outdoor physical activity time. Perhaps dead ends 

are considered as the last resorts of children’s to play and interact with the decline of 

formal open spaces (Islam, et al., 2014; Monsur & Islam, 2011). Intersection density 
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is an indicator of street connectivity. However, an increase of intersection density is 

found to discourage children from spending independent time outside (Islam, et al., 

2014) in Bangladesh. 

Walkability is another measure of street design that was calculated both 

objectively and subjectively in literature. For example, Villanueva, et al. (2013) 

calculated walkability by the objective connectivity of neighbourhood whereas, 

Carver, Veitch, et al. (2014) scored walkability based on parents’ perception of street 

network and revealed that high walkability promotes CIM. 

Number of crossings was also used in the measurement of walkability and as a 

separate measure as well. Being considered as a separate variable, the higher number 

of crossing/intersection on the route from home to school is found to reduce CIM in 

Bangladesh (Monsur & Islam, 2011) and Taipei (Lin & Chang, 2009) respectively.  

• Other street design components 

Other street design components are also significant in determining the CIM 

behaviour of children. For example, proportion of main roads in neighbourhood 

measured by the length of primary roads divided by total road length also has a 

negative impact on CIM, particularly on girls (Carver, Panter, et al., 2014). Similar 

findings have been reported for increased width of vehicular street (Monsur & Islam, 

2011).  

The chance of accidents increases with the increase of width of vehicular street 

and traffic volume. The volume of traffic on the roads of neighbourhoods and the 

consequent act of street network design has been examined by numbers of studies. 

Heavy traffic on neighbourhood streets reduces CIM among children and youth 

(Tranter & Doyle, 1996). This finding is further supported by another study which 

claim that the low speed of vehicles encourages girl’s CIM (Villanueva, Giles-Corti, 

Bulsara, Timperio, et al., 2012). 

However, some other street design components, for example, presence of 

sidewalks and density of trees along sidewalk that provides ease of access and comfort 

in CIM journey are important factors for children’s decision making of independent 

trip as well as for their better perception of neighbourhood (Lin & Chang, 2009; 

Loebach & Gilliland, 2016). The height of the building along the routes is also an 

important factor for creating a comfortable sense of enclosure for pedestrians (Knaap, 
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Song, Ewing, & Clifton, 2005). However, Monsur and Islam (2011) reported that there 

are no significant associations between building height and CIM measured by 

maximum distance travelled. On the other hand, the presence of larger-scaled 

destination in neighbourhood (e.g., shopping complex) which is associated with more 

vehicular and pedestrian traffic reduces IM in boys (Villanueva, Giles-Corti, Bulsara, 

Timperio, et al., 2012). In the same way, a larger block size also appears as a 

discouraging factor for independent walking to school. 

 Perceptual Factors 

This section explains the perception of BE due to its direct connection with 

planning interventions. Although a supportive BE is significant for facilitating CIM, 

which has been discussed in section 2.3.1, perception about BE is also an important 

factor that may impact children’s mobility behaviour. Perception of BE by both parents 

and children in connection with travel behaviour is discussed in this section.  

2.3.2.1 Parents’ perception 

Parental perceptions of BE of their locality are of greater importance in shaping 

up their parenting practice as well as granting mobility licence (Prezza, et al., 2001). 

Parental perception is suggested to be even more important than the children’s 

perception, particularly in the case of children’s outdoor activities (De Meester, et al., 

2014). However, the decision of restricting and allowing CIM does not solely depend 

on the opportunities of BE or the ability of children; rather it often depends on parent’s 

own fear and subjective perception of danger that children might face without adults 

supervision (Fyhri & Hjorthol, 2009). Along with the safety of the living surrounding, 

parents also perceive the suitability of land use pattern including the aesthetics of the 

area.  

The frequent exploration of the relation of parental perception of traffic and 

stranger danger with CIM confirmed that unsafe neighbourhood, presence of strangers 

on road, threat of crime, traffic speed, traffic volume, unsafe crossing, absence of 

sidewalks and poor physical condition of roads have negative influence on CIM 

regardless the age/gender of child and the contextual variation (Table 2-5). For 

example, parental fear of strangers in the locality is found to be a major barrier for 

CIM of all gender in the context of both developed countries such as Australia (Foster, 

et al., 2014) and Canada (Mitra, Faulkner, Buliung, & Stone, 2014) and developing 
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country such as Tanzania (Bwire, 2011). In a highly urbanized area, CIM is very much 

restricted due to two additional reasons: a pervasive auto-mobile dependency, and a 

low sense of community among them (Lopes, et al., 2014). 

In the field of children’s active travel research, it is found that boys reported 

more active travel when parents perceived the neighbourhood have more land use mix 

and higher residential density, and destinations are in close proximity. However, 

parent’s negative perception of aesthetics of the neighbourhood did not resrtrict boys’ 

active travel in this study. For the girls’ active travel, parent’s perception of available 

walking infrastructure (i.e., sidewalk) and recreational facilities were found to gain 

attention along with the other BE factors mentioned for boys already (De Meester, et 

al., 2014). But in the field of CIM study, parent’s perception of presence of sidewalks, 

crosswalks, fast vehicular traffic or presence of shops/restaurants and long street 

blocks are largely correlated with CIM (Mitra, et al., 2014). These results show 

different outcomes for the same BE variables for the independent and dependent active 

travel. Nevertheless, parent’s consistent perception of proximity of destination in both 

cases confirms that far away destinations increase concern among parents.  

Although parents impose a barrier to CIM, they may also be important 

facilitators of CIM. Parent’s encouragement for walking/cycling has been associated 

with girls independent walking/cycling to school (Carver, Panter, et al., 2014). 

Moreover, BE features that encourage more PM while minimizing vehicular traffic are 

more influential to parents perceiving a safer neighbourhood for their children (Foster 

et al., 2015). A more walkable neighbourhood that generates natural surveillance might 

help to mitigate parental fear about safety issue. 

Table 2-5: Parent’s perception and granted mobility licence 

Key Concern  Parents 

Perception 

Status of 

Mobility 

licence 

Correlati

on with 

CIM 

Citation 

Neighbourhoo

d safety and 

security 

Concern 

Unsafe and 

insecure 

neighbourhood  

Restricted Negative (Lopes, et al., 2014; Mitra, 

et al., 2014) 

Social danger Restricted Negative (Alparone & Pacilli, 2012; 

Mitra, et al., 2014) 

Harmful 

strangers/adults 

Restricted Negative (Alparone & Pacilli, 2012; 

Bwire, 2011; De Meester, 

et al., 2014; Mitra, et al., 

2014) 
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Threat of crime Restricted 

leisure 

travel 

Negative/ 

Neutral 

(Alparone & Pacilli, 2012)/ 

(Prezza, et al., 2001) 

BE character Larger context Restricted Negative (Alparone & Pacilli, 2012) 

Too far away 

destination 

Restricted Negative (Bwire, 2011) 

Traffic safety 

concern 

Higher Traffic 

volume and 

speed 

Restricted Negative (Villanueva, Giles-Corti, 

Bulsara, Timperio, et al., 

2012) 

Traffic danger Restricted Negative (Villanueva, Giles-Corti, 

Bulsara, Timperio, et al., 

2012) 

Unsafe road 

crossing 

Restricted Negative (Collins & Kearns, 2001), 

(Villanueva, et al., 2013) 

Safe side-walk 

to nearby 

destinations 

Relaxed Positive (Loebach & Gilliland, 

2016; Santos, Pizarro, 

Mota, & Marques, 2013) 

2.3.2.2 Children’s perception 

According to Boggi (2000), the content of children’s fears coincides with that of 

their parents. The minimal research that explored the impact of children’s perception 

of taking an independent journey in neighbourhood found that safety is the primary 

concern of children too. More positive perception of traffic safety encourages girls to 

play out independently every day (Page, Cooper, Griew, & Jago, 2010). Likewise, the 

overall perception of overall neighbourhood safety also plays an important role in 

CIM. For example, research in Porto showed that if a child feels the neighbourhood as 

a safe place to roam around, he/she is more likely to play outside near the home (Reis, 

Lay, Muniz, & Ambrosini, 2005). Children’s perception of neighbourhood is 

facilitated by the spatial configuration and urban design qualities and found to affect 

their route selection to school (Özbil Torun, 2015). Interestingly children’s perception 

of the environment is sometimes associated with the granted mobility licence from 

parents. Bwire (2011) revealed the children age of 7-9 years old, who are not allowed 

to roam around in their neighbourhood, perceive their neighbourhood very unsafe. On 

the other hand, in the same area, older children aged 10- above 12 years old who 

receive greater permission think the area as a very safe place for them. Other than the 

traffic safety and social safety issues, perception about maintenance or physical 

appearance of the neighbourhood also negatively influence children. 

 Contextual Factors 

A review of existing literature demonstrates that CIM has been a topic of 

research mostly in the economically developed countries in order to promote a 
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healthier, active lifestyle. Table 2-6 shows that research is scarce on this topic in the 

context of developing countries. 

Table 2-6: Context of previous studies on CIM 

Economical 

Classification 

of countries 

by UN, 2012 

Research 

Context 

Citation 

Developed 

Country 

 

Canada (Loebach & Gilliland, 2016; Loebach & Gilliland, 2014; 

Mitra, et al., 2014; Van Vliet, 1983) 

United States (Bixler, et al., 2002; Groves, 1997) 

Australia (Carver, et al., 2013; Foster, et al., 2014; O'Brien, et al., 

2000; Schoeppe, et al., 2015; Villanueva, Giles-Corti, 

Bulsara, McCormack, et al., 2012; Villanueva, Giles-

Corti, Bulsara, Timperio, et al., 2012; Villanueva, et al., 

2013; Whitzman, et al., 2010)  

New Zealand (Badland, Oliver, Duncan, & Schantz, 2011; Oliver et 

al., 2011) 

Italy (Alparone & Pacilli, 2012; Prezza, et al., 2009; Prezza & 

Pacilli, 2007; Prezza, et al., 2001; Rissotto & Tonucci, 

2002)  

Portugal (Lopes, et al., 2014) 

Belgium (De Meester, et al., 2014) 

Denmark (Fyhri, et al., 2011) 

Finland (Broberg, Salminen, et al., 2013; Broberg & Sarjala, 

2015; Fyhri, et al., 2011; Kyttä, 2004; Kyttä, Hirvonen, 

Rudner, Pirjola, & Laatikainen, 2015)  

UK (Brown, Mackett, Gong, Kitazawa, & Paskins, 2008; 

Carver, Veitch, et al., 2014; Fyhri, et al., 2011; Mackett, 

2002; Page, et al., 2010) 

Japan, 

Australia 

(Malone & Rudner, 2011) 

Norway (Fyhri & Hjorthol, 2009; Fyhri, et al., 2011)  

In transition  Belarus (Kyttä, 2004) 

Developing 

Country 

Bangladesh (Islam, et al., 2014; Monsur & Islam, 2011) 

China (Lin & Chang, 2009) 

South Africa, 

Tanzania 

(Malone & Rudner, 2011) 

 

Studies that explicitly examined differences between developing countries and 

developed countries found that the pattern and trends of CIM across countries vary to 

a great extent with different geographical locations. Malone and Rudner (2011) 

compared CIM in four countries (South Africa, Tanzania, Japan, and Australia) and 

found that Japanese children have the largest CIM. On the other hand, children in 

South Africa generally look to be more independent, have a lower level of restrictions 

and are less accompanied by parents. In contrast, Australia has a higher rate of children 

to be accompanied by their parents. This study found that children living in high-
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income city communities have the lowest level of CIM in all sites in the four counties. 

Similarly,(Kyttä, 2004) also highlighted the importance of contextual variations with 

different factors, e.g., degree of urbanization, density, and design solution that has also 

been evident to impact CIM differently. Although, it is well established by several 

studies that rural environment afford better possibilities for CIM than urbanized 

environment (Broberg, Kyttä, & Fagerholm, 2013; Carver, et al., 2012; Kyttä, 

Broberg, & Kahila, 2012), Malone and Rudner (2011) found that Japanese children 

who live in a small town outside of the main city centre have significantly lower CIM 

than their city counterparts.  

 Socio-demographic Factors 

Most of the studies are unanimous about claiming the significance of some of 

the socio-demographic variables. These studies have shown that older children have 

greater autonomy than younger ones (Prezza, et al., 2001; Rissotto & Tonucci, 2002; 

Van Vliet, 1983). Most of these findings are based on children from middle childhood 

aged 9-12 years (Table 2-7). Besides age, gender is also a very significant variable for 

CIM. Boys are more autonomous with more granted mobility licence than girls 

irrespective of contextual variation (Brown, et al., 2008; Islam, et al., 2014; Lopes, et 

al., 2014; Prezza, et al., 2001; Van Vliet, 1983).  

Table 2-7: Sample characteristics of CIM studies 

Sample Age Citation 

Middle childhood (9- 12 yrs.) Loebach & Gilliland, 2014, Villanueva, et al., 2012a, 

O’Brien, et al., 2000, Kytta, 2004, Muntazar, et al., 2012, 

De Meester, et al., 2014, Villanueva, et al., 2012b, 

Carver, et al., 2014, Villanueva, et al., 2014, Alparone 

and Pacilli, 2012, Schoppe, et al., 2015a, Mitra, et al. 

2014, Loebach & Gilliland, 2016, Prezza, et al. 2001, 

Brown, et al., 2008, Fyhri and Hjorthol, 2009, Foster, et 

al., 2014, Schoppe, et al., 2015b,  

Early Adolescent (12-14 yrs.) Anna et al., 2013  

Middle Adolescent (15-16 yrs.) Vliet, 1983 

Adolescent (12-18 yrs.) Lopes, et al., 2014, Carver, et al., 2013 

Other than age and gender, the position of a child in the family- whether the child 

is the eldest one or an only child is found to be negatively linked to IM with more 

parental restriction (Giuliani, Alparone, & Mayer, 1997; Prezza, et al., 2001). 

However, the restriction is flexible if siblings or peers accompany the child. It is 

generally found that friends accompany increase CIM (O'Brien, et al., 2000). 

However, the company of peers or siblings is more beneficial for the increment of CIM 
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journey among girls than boys. For example, Mackett, et al. (2007) found that similar 

portion of boys (85%) and girls (81%) were allowed to travel with other children 

whereas the larger difference in the percentage was evident when boys (63%) and girls 

(48%) reported travelling alone. Evidence to date suggests that independent TR 

expands as children grow older (Veitch, et al., 2008), and boys have a larger range 

compared to girls (Loebach & Gilliland, 2014). 

In general, children from higher-income families are less likely to travel actively, 

independently and by public transport. Children from lower socioeconomic status 

areas accompanied by friends/siblings travel longer independently (Veitch, et al., 

2008). Aside from financial constraints, parenting style also varies across socio-

economic groups. Some studies also revealed that a higher socioeconomic status 

(Tranter & Pawson, 2001) or lower parental education (Schoeppe, et al., 2016) level is 

associated with children’s reduced outdoor autonomy. Unlike parents, a greater 

proportion of children from lower socio-economic groups agreed that stranger danger 

and road safety are their major concern (Timperio, et al., 2004).  

2.4 TOPOLOGICAL DIMENSION OF BUILT ENVIRONMENT  

Almost all studies that investigated the impact of the BE on CIM, as discussed 

in Section 2.3.1 have focused on the geographic dimension/indicators only (Table 2-

4). There is another school of thought which believes, topological/syntactic properties 

of the urban environment are equally important to shape user’s space use behaviour 

analysed by space syntax technique (Hillier & Hanson, 1984). In this context, although 

the analysis of topological attributes well explains the influence of syntactic BE on the 

travel behaviour of adults (Baran, et al., 2008; Koohsari, et al., 2016), no researcher 

has yet explored topological properties to understand CIM. This section will discuss 

the topological dimension of BE based on the space syntax theory and method in 

connection with the PM of all age group. 

 Space Syntax Theory and Method 

Bill Hiller and his colleagues developed space Syntax theory and analytical 

method at University College London in the 1980s’. Based on two central aspects, 

spatial configuration and human movement/activity, space syntax theory aims to 

understand the interdependent relationship of spaces in presence of the people. This 

theory identifies that space has its own social logic that affects human behaviour, such 
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as pedestrian mobility from one place to another (Hillier & Hanson, 1984). The 

fundamental of space syntax discussed in ‘The Social Logic of Space’ by Hillier and 

Hanson, 1984 is that ‘space’ should be regarded as the empirically accessible 

manifestation of an abstract idea (society) embedded in material world rather than 

regard it as passive. Space is important for possessing the social idea that makes social 

things happen within it rather than appearing just as a container or reflection of social 

ideas. According to this concept, ‘logical space’ does not simply map or reflect itself, 

but conceive the totality of relational system of basic elements of space (Hillier, 1998). 

Space syntax defined as a model of representation, analysis and interpretation focuses 

on the urban grid system of street network argues that the configuration of the urban 

grid itself is the main generator of patterns of movement (Hillier, 1998; Hillier, et al., 

1993). Hillier, et al. (1993) called the movement as ‘natural movement’, which 

explains that the spatial configuration of the urban grid itself yields attraction 

inequalities and privileges some urban spaces over others for movement and activities 

without the consideration of land use attractors.  

 Space Syntax (Topological) vs Geographic Approach 

The main difference between conventional geographical approach and space 

syntax measure is that the former focuses on metric distance (i.e., metres, kilometres) 

as the standard unit of measurement when measuring the ‘shortest path’ between an 

origin and a destination, whereas space syntax considers how streets are aggregated 

with each other streets in a network. Researchers used two different methods to derive 

space syntax indicators based on ‘distance concept’ in measuring ‘shortest path’: 

topological (number of directional changes required to reach the destination in an axial 

map) and angular (sum of angular changes required to reach the destination) (Xia, 

2013).  

Another difference is how these two approaches measure accessibility. 

Geographic approach anchors street at two junctions and measures the accessibility 

depending on how far it is to other street junctions to a particular street junction. The 

traditional way of thinking is not suitable for uncovering the hidden functional patterns 

of an urban street network. On the other hand, space syntax computes accessibility in 

a more abstract term from a topological point of view. It measures accessibility by how 

closely any two streets are associated based on how easily they can be connected 

through lines of sights or unobstructed (Batty, 2004). Space syntax focuses on the 
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topological structure of a street network –the street- street relationship (Jiang & Liu, 

2009).  

The street-street relationship graph is also referred to as a connectivity graph that 

perceives individual street as a node and represents a connection between streets as a 

line linking the nodes. Figure 2-3 presents an example of a street network and its 

connectivity graph. The connectivity graph allows easy and direct visualisation of the 

topological relationship of streets in a network. Based on the connectivity maps, 

configuration of urban street network can be characterised by accessibility measures 

(indicators using space syntax theory and method). Jiang and Claramunt (2004) 

referred connectivity graph as a beneficial and inspiring tool for urban network 

analysis from a topological point of view as it can contribute to uncover hidden 

functional configurations of a street network.   

 

(a) Streets of a street-network 

 

(b) Axial-line based street model  (c) corresponding connectivity 

Figure 2-3: The map of a fictional city street network and its connectivity graph. 

Source, (Xia, 2013, p 15) 
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Space syntax quantifies the spatial network using ‘axial map’ developed by the 

longest and least set of axial lines covers all continuous open space in an urban 

environment (Figure 2-4). These axial lines are the basis for measures of a network 

configuration in space syntax and represent lines of sight (Liu & Jiang, 2012). The 

axial line is the longest visibility line of ‘how far one can see’ or ‘how far one can 

move in an unobstructed manner’. The axial map has two distinct options to represent 

and analysis any configuration: axial and segment.  

 

Figure 2-4: An example of presenting an urban space in axial map. Source, (Xia, 

2013, p 3)  

 Analytical Methods of Space Syntax Measurement 

• Axial Analysis  

The axial analysis is a standard topological analysis based on axial maps. Axial 

method analyses spatial network by the longest and least set of axial (straight) lines 

for the representation of small urban spaces. In this view, topological distance is not 

only the important factor to be considered when selecting a route in urban grids but 

also the number of turns made to go from one line/segment to another in the system 

(Xia, 2013). Therefore, it is also called the fewest turn concept (Hillier & Iida, 2005). 

Within an axial map-based street analysis, the focus remains on how many times turns 

were made to reach from origin to destination. All the turns are considered to be same. 

For each turn, a value of 1 is assigned while no turn is assigned with 0 value. For  
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Figure 2-5: Shortest path distance from 3 to 8 with the fewest turn. Source: (Xia, 

2013, p 19) 

• Segment Analysis 

Like axial analysis, segment analysis is done by a segment map constructed from 

an axial map. Segment method uses segments formed by chopping the original axial 

lines at the junctions into smaller individual parts. Unlike axial analysis, segment 

method is based on the topological, or angular or metric distance. Angular analysis 

from a topological perspective concerns with the angle change, not the turn from origin 

to destination like topological distance. The angular analysis is also known as the ‘least 

angle change analysis’(Hillier & Iida, 2005). The distance cost for each turn is 

proportional to the turn angle α (Figure 2-6). The distance cost value is 0 and 2 for the 

minimum turn angle of 0° and the maximum turn angle 180° respectively. The distance 

cost value for any other angle (α) can be calculated by using the formula: V (α) = α/180 

x 2 (α is expressed in degree unit). For example, in Figure 2-7, to go from point 3 to 

8, two angles (117 and 45) are made, and the cost values are 1.3 and 0.5 respectively. 

Therefore, the shortest path is 1.3+.05=1.8. 

 

Figure 2-6: Turn angle and distance cost value 
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 Figure 2-7: Shortest path from 3 to 8 with least angle. (Xia, 2013, p 20) 

Literature comparing three types of methods (angular, topological and metric) 

of segment analysis indicates that angular measures are the strongest predictor of travel 

behaviour (Xia, 2013). Moreover, comparing segment and axial analyses, Hillier and 

Iida (2005) revealed that a segment representation is more precise and able to capture 

minor variations in direction change. 

 Measures of Space Syntax  

An initial review shows that within each of these distance concepts, four classic 

space syntax measures/indicators have widely been used to investigate walking 

behaviour in the literature. These measures included: integration (Global and Local), 

connectivity, choice (Global and Local) and control. To understand the measures from 

a topological view, understanding the concept of depth is important. 

• Depth is defined as the least number of directional changes or turns in a graph, 

which is needed to access from one place/street to another. It is conceptualised by the 

visual distance between two points. Depth is present wherever it is necessary to go 

through intervening spaces from one point to another (Hillier & Hanson, 1984). It 

includes local depth and global depth. Depth is calculated in axial map by both axial 

and segment analysis. For example, as shown in Figure 2-3, the global depth= 

4x1+5x2+3x3=23 (4 nodes in 1 step-depths, 5 nodes in 2 step-depths, and 3 nodes in 

3 step-depths). Local depth is (radius=2) = 1x4+2x5=14 (nodes within 2 steps). On the 

other hand, angular step-depth in segment analysis refers to angular change between 

origin and destination of a taken route where 90º angle change is equivalent to 1 step-

depth. 
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• Integration is considered as a key indicator of space syntax concept to explain 

PM. It is a measure based on the concept of ‘shortest path’ in terms of visual distance. 

From a topological point of view, integration quantifies how far a given street is from 

all other streets by measuring the average depth between spaces/streets. The lower the 

number of axial lines and fewer changes in direction/depth in a system, the more 

accessible and integrated the system becomes (Baran, et al., 2008; Hillier & Hanson, 

1984; Jacoby, 2006). On the other hand, angular and metric integration quantifies how 

close each segment is to all other segments in terms of the sum of angular change that 

are made on each route and the metric distance between two midpoints of two adjacent 

segments respectively (Hillier, 2009; Hillier & Iida, 2005). Hillier and Iida (2005) used 

the following formula to calculate integration: 

Integration=
1

∑ dik𝑘
       (2-2) 

Where dik refers to the shortest path between line I and like k 

Integration can be derived locally and globally. Global integration describes the 

average depth (the least number of turn/ directional change in a graph to reach 

destination) of space to all other spaces in the system at infinite radius (R=n). On the 

other hand, the local integration value is usually calculated based on a certain number 

of directional changes. R=2 (total number of axial lines (streets) that can be accessed 

by two directional changes (R=2) from an axial line). The global integration values 

range from 0 to 1: the higher the integration value, the lower its mean depth and the 

higher it is accessibility from all others. Highly integrated streets are assumed to attract 

more pedestrians with a lower chance of crime and antisocial behaviour (Hillier & 

Shu, 2000). Integration = Node count/Mean depth. 

• Choice is defined as the extent to which a given street belongs to the shortest 

path between any pairs of two streets. In other words, choice measures how likely an 

axial line or a street segment is to be passed through on the shortest routes from one 

place to other places in the entire system or within a predetermined distance (radius) 

from each segment of street. Space has a strong choice-value when many of the 

shortest paths, connecting all spaces to all spaces of a system, passes through it. Like 

integration, choice can be measured both locally and globally, applying three different 

distance concepts (topological, angular and metric).  
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Choice = ∑ ∑
djk(i)

djkkj        (2-3)  

Where djk refers to the shortest-path between line j and k; djk (i) refers to the shortest-

path containing line I between line j and line k. 

• Connectivity is a measure which denotes the number of streets or neighbouring 

spaces that are directly connected to a given street/space. According to Van Nes (2008, 

p.63), connectivity ‘accounts for all the direct connections each street has to other 

streets in their immediate vicinity’. Given that this measure captures the characteristics 

of a street-based on its immediate neighbouring areas without taking into account the 

entire network, it is referred to as a local measure. Generally, it is assumed that streets 

with high connectivity values are more popular than other streets and supposed to 

attract more pedestrian traffic. Connectivity of street pattern as reported in previous 

studies is important not only for PM in small to large contextual settings but also to 

encourage long-duration activities and social interaction (Can & Heath, 2016; Peponis, 

et al., 1997; Peponis, Ross, Rashid, & Kim, 1996). It can be calculated within both 

representations. In axial map, connectivity reflects the number of axial lines directly 

intersecting each line in a network (Jiang & Claramunt, 2002). For example, in Figure 

2-3 (b), axial line 1 intersects with four other lines which means from the topological 

point of view, the connectivity of axial line 1 is 4. On the other hand, angular 

connectivity is cumulative turn angle of a segment to other segments where 45º angle 

change is equivalent to 0.5 cumulative weight.  

• Control value is a local measure within axial representation. It measures the 

degree to which space controls access to its immediate neighbours, taking into account 

the number of alternative connections that each of these neighbours has. For example, 

as shown in Figure 2-3 (b), the immediate neighbours of line 1 are 2, 3, 4 and 5 with 

respective connectivity values 2, 3, 5 and 4. Therefore, the control value of the axial 

line= 1/2+1/3+1/5+1/4. 

The application of other space syntax measures, such as intelligibility (a measure 

the relationship between integration and connectivity of a space) by Wang, Rao, and 

Feng (2012), angular step depth (a measure of movement efficiency given the distance 

one must travel in the network) and intensity (measures the rate of change of entropy 

relative to total depth) by Lerman, Rofè, and Omer (2014), and synergy (the correlation 
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between local and global integrations) by Li et al. (2015), to explain PM is fairly 

limited in the literature.  

Literature has identified several limitations of space syntax technique including 

definition of axial line based on which the measures are derived difficulty in modelling 

choice in regular grids, the discontinuity of axial maps, inability to take into account 

the land use and building height, its sensitivity to boundary conditions and axial 

analysis’s privilege on visibility over accessibility (Batty, 2013; Pafka, Dovey, & 

Aschwanden, 2018; Ratti, 2004). Despite these limitations, the contribution of space 

syntax indicators in the field of urban analysis is very significant. 

 Impact of Space Syntax Measures on Pedestrian Movement 

The burgeoning research on space syntax attempted to explain pedestrian 

movement (PM) using more abstract topological measures (e.g., visual distance 

between an origin and a destination) based on the space syntax concept (Griffiths, 

2014; Hillier & Hanson, 1984; Koohsari, Kaczynski, Giles-Corti, & Karakiewicz, 

2013; Lamíquiz & López-Domínguez, 2015; Lerman, et al., 2014) rather than focusing 

on the geographic dimension of the BE. A review of empirical studies using space 

syntax measures, however, shows contradictory findings. For example, Baran, et al. 

(2008) found a positive association between total utilitarian walking and two of the 

topological/syntactic measures (i.e., control and integration). On the other hand, 

Koohsari, Karakiewicz, et al. (2013) found that these two topological variables have 

negative associations with the amount of walking among adults. Another study by 

Koohsari, et al. (2016) found that both integration and intersection density are 

significantly associated with adult’s walking for transport. Partially supporting this 

finding, a study on children’s (age 12-14) route selection in Turkey states that not the 

integration, rather global choice is important for children in route selection to school 

jointly with other geographic BE attributes (Ozbil, et al., 2016). This study raises the 

need for better street connectivity and less directional change between home and 

school for better navigation choice. To measure the walkability of neighbourhood that 

has a significant effect on walking frequency, Cutumisu, Blanchard, Plotnikoff, Berry, 

and Spence (2012) think space syntax is a promising instrument for examining 

walking. Moreover, this study found choice measure can employ an important role to 

measure the walkability of an area.   



 

Chapter 2: Literature Review 43 

In addition to the above directional inconsistency, further evidence of 

inconsistency is found in the magnitude of the associations. For example, Lee and Seo 

(2013) found that a space syntax measure (i.e., connectivity) has a weak correlation 

with pedestrian volume in Korea whereas, Peponis, et al. (1997) found connectivity 

strongly correlates to PM in a study in the USA. Similar variation in the strength of 

associations is common throughout the associations. For example, another topological 

measure choice is strongly associated with PM in neighbourhoods while the same 

measure correlates weakly to the walking volume of the pedestrian in the context of 

Turkey (Özer & Kubat, 2014) and Israel(Omer, Rofè, & Lerman, 2015) respectively.  

Space syntax measures have been operationalised using two methods in the 

literature: axial (topological) and segment. In recent studies, the explanatory power of 

different indicators (e.g., integration, choice) derived from these two methods has been 

compared between them and also with an indicator derived from the geographic 

measure (i.e., metric distance). Findings from these also show contradictory results. 

For example, Pont and Marcus (2015) found that a higher correlational value between 

indicators derived using angular methods and PM compared with indicators derived 

from other methods. On the other hand, Wang, et al. (2012) observed that geographic 

measures (metric distance) better explain the tourist density in a historic city of China 

rather than topological measures. Another study by Omer, et al. (2015) reveals that the 

topological and angular indicators have a similar correlation with the distribution of 

pedestrian volume in both pre-modern and modern cities, while the metric indicators, 

mainly metric integration, have a different level of correlation.  

 Space Syntax Measures for Crime and Perception of Safety  

Space syntax also has the capability to explain crime and perception of safety of 

any area. Hillier and Shu (2000) and Hillier (2004) found some surprising results for 

the relation between crime and space applying space syntax. They found absolutely no 

correlation between crime and density, a poor connection between socioeconomic 

factors and crime, but a very strong connection between street configuration and all 

kinds of crime. The findings of these studies challenge many aspects of defensible 

space orthodoxy (Newman, 1972) and reveal it’s not the cul-de-sacs but the integrated 

streets, which have the potential of built-in security by their greater mutual visibility 

and presence higher number of neighbours (Hillier & Shu, 2000). Nubani and 
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Wineman (2005) find the opposite result, though. According to them, more locally 

integrated street encourages more criminal activities. 

Several studies have explored the associations between children’s perception of 

neighbourhood environment and topological measures. It is evident from these studies 

that children’s perception of space, sense of identity and preference of outdoor spaces 

for play are connected with compact syntactic quality of space (Özgece, Edgü, & 

Taluğ, 2015). In Reis, et al. (2005), for example, integration appears to have a 

connection with children’s perception of security of estate provided open space. If 

children perceived those as secured, then they tend to use the immediate outdoor 

spaces more; but the study is focused on the open spaces immediate to the home where 

children play under visual control of parents, not with absolute independence. 

2.5 ROUTE CHOICE BEHAVIOUR  

The route choice process explains the reason for a pedestrian’s choosing a 

particular route among the competitive ones between the origin and destination. It is a 

decision-making process in which based on the attributes of each choice alternatives, 

users integrate their utilities into some overall utility measure and then choose the 

alternative that receives the highest utility (Borgers & Timmermans, 1986). It enables 

researchers to identify the BE preferences of actually taken route, which informs 

policymakers in creating a pedestrian-friendly environment (Koh & Wong, 2013).  

 BE factors Affecting Route Choice Behaviour 

Numerous geographic BE factors have been found as determinants of both 

children’s and adult’s route choice behaviour (Table 2-8). In the route choice studies, 

predominantly, ‘shortest route’ over any other route alternatives has been extensively 

analysed because distance is consistently found to be associated with PM (Borst et al., 

2009; Guo & Loo, 2013; Rodriguez, et al., 2015). However, a closer examination of 

the literature found that mostly the geographic shortest distance was explored. These 

studies claimed that geographic shortest distance alone could explain 50-80% of route 

choice decision (Guo & Loo, 2013; Seneviratne & Morrall, 1985). Both subjective and 

objective distance is analysed in the route choice literature.  

Some recent route choice studies measured ‘shortest route’ by the directional 

change between origin and destination as proposed by Hillier and Hanson (1984) and 

found its significance on route choice behaviour. For example, (Ozbil, et al., 2016) 
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found that the directional distance is a significant correlate of route choice decision for 

children’s travel to school. Another study on student’s commute to university from the 

transit stop also showed that directional distance is an important determinant of route 

choice behaviour (Shatu, et al., 2019).  

Other BE factors affecting route choice behaviour can be grouped into four 

categories: (a) land use, (b) walking and traffic environment, and (c) aesthetic and 

comfort.  

2.5.1.1 Land Uses 

The most commonly identified significant land-use attributes are residential 

(Dessing, et al., 2016), commercial (Koh & Wong, 2013), recreational (Borst, et al., 

2009) etc. For example, Borst, et al. (2009) report that older adults are likely to choose 

a route through a residential area. Dessing, et al. (2016) also found the positive impact 

of residential land use on children’s route choice to school. However, non-residential 

land uses show mixed results. While a positive relationship with retail/commercial 

land use was reported by a number of studies in different locations across the world 

(Guo & Loo, 2013; Koh & Wong, 2013), the negative association was also reported in 

Salt Lake City, USA. The magnitude of the positive impact of the presence of retail 

land use is higher on the route choice of adolescent girls. On the other hand, the effect 

of recreational land use (e.g., park, waterbody) has consistently found to be significant 

for route choice. A positive relationship of presence of water body is reported on 

children’s route choice behaviour (Dessing, et al., 2016). Similarly, people are more 

likely to routes for cycling and walking if park/greenway are present along the routes 

(Guo & Loo, 2013; Koh & Wong, 2013; Rodriguez, et al., 2015). Land use density is 

also an important attribute for route choice behaviour (Guo, 2009). In general, higher 

density of land use with substantial human activities along a route increases the 

probability of choosing the route and makes a route more attractive (Tribby, Miller, 

Brown, Werner, & Smith, 2017).  

2.5.1.2 Traffic and walking environment 

Traffic and walking environment explain how safe a street is for 

pedestrians/cyclists. Traffic environment determinants that affect route choice 

decisions include traffic crossing facilities (Guo & Loo, 2013; Koh & Wong, 2013), 

traffic volume (Guo & Loo, 2013), and connectivity of streets (Guo, 2009). Traffic 

volume shows a mixed impact on route choice. While Guo and Loo (2013) revealed 
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that traffic volume has a negative impact on route choice behaviour in Hong Kong and 

no significant impact in New York, USA, Borst, et al. (2009) revealed that older adults 

are more likely to prefer routes with higher traffic volumes. Traffic measures including 

traffic light have an impact on route choice behaviour. Dessing, et al. (2016) found 

that intersections with traffic measures are less likely to be selected by children for 

their travel to school. In contrast, the same attributes positively influence adolescent 

girls’ route choice in the USA. BE attributes that provide a better walking/cycling 

environment of a route to be chosen include cleanliness of route, pavement facilities, 

sidewalk width, weather protection and building setback (Borst, et al., 2009; Guo, 

2009; Ozbil, et al., 2016).  

2.5.1.3 Aesthetic and comfort 

Aesthetic and comfort attributes en-route affecting the route choice behaviour 

include scenery, crowdedness, blind walls, shaded street and openness. Borst, et al. 

(2009) revealed that older adults are less likely to walk along routes that are surrounded 

by blind walls. On the other hand, cyclists are more likely to prefer a route that has the 

presence of other pedestrians and cyclists and with good scenery (Koh & Wong, 2013). 

Another study showed that pedestrians prefer routes with shaded streets and openness, 

confirming the importance of design quality of BE (Hahm, Yoon, Jung, & Kwon, 

2017). Building height along the route is also a contributing factor route choice 

behaviour.  

Table 2-8: BE factors affecting route choice behaviour of pedestrians 

BE 

Attribute 

Indicator Correlation 

with CIM 

Citation 

Land use  Building density Positive (Tribby, et al., 2017) 

Residential  Positive (Borst, et al., 2009; Dessing, et 

al., 2016) 

Retail/commercial Positive (Borst, et al., 2009; Broach, et al., 

2010; Guo & Loo, 2013; Koh & 

Wong, 2013; Rodriguez, et al., 

2015) 

Negative (Tribby, et al., 2017) 

Recreational Positive (Dessing, et al., 2016; Guo & 

Loo, 2013; Koh & Wong, 2013; 

Rodriguez, et al., 2015) 

Industrial Negative (Tribby, et al., 2017) 

Traffic 

environment 

Connectivity Negative (Guo, 2009) 

Traffic volume 

(High) 

Positive  (Borst, et al., 2009) 

Negative (Guo & Loo, 2013) 

Neutral  (Guo & Loo, 2013) 
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Number of crossing Negative (Lin & Chang, 2009) 

Traffic density  Negative (Guo, 2009) 

Walking 

environment 

Intersections with 

traffic measure 

Positive (Rodriguez, et al., 2015) 

Negative (Dessing, et al., 2016) 

Street parking  Positive  (Tribby, et al., 2017) 

Negative (Ozbil, et al., 2016) 

Cleanliness Positive (Guo & Loo, 2013) 

Presence of 

sidewalk 

Positive (Rodriguez, et al., 2015) 

Aesthetic 

and comfort 

Scenery  Positive (Koh & Wong, 2013) 

Crowds Positive (Koh & Wong, 2013) 

Blind wall  Negative (Borst, et al., 2009) 

Tree shade Positive (Hahm, et al., 2017) 

Openness Positive (Hahm, et al., 2017) 

 

2.6 CHAPTER SUMMARY  

The expanding literature on BE-CIM mainly focused on objectively derived BE 

factors/variables. However, the above review shows that most of the variables have an 

inconsistent association with CIM (e.g., residential density, land use mix, 

connectivity). Although many studies have investigated the connections because of 

their importance for CIM, mixed results of prior studies raise doubt about the true 

effect of the variables. However, to encourage CIM, it is important to identify the true 

effect of all BE variables analysed so far in literature for proper interventions, which 

no studies yet tried to explore.  

A closer investigation reveals that all of the available studies applied the 

geographic dimensions of BE only (e.g., density, street design, land uses, distance) 

(Baran, et al., 2008). On the other hand, topological and morphological properties of 

urban form, relevant for characterizing spatial configuration have received little 

attention in the study of CIM so far. The conceptual and methodological differences 

between these two approaches to quantify BE show that both approaches might be 

helpful for CIM. While geographic dimension assumes space-as-form and society-as-

content, topological dimension based on the space syntax theory conceptualizes social 

structures are inherently spatial. According to the space syntax concept, the 

relationship between society and space is more than mapping one domain onto others. 

It has a dynamic aspect where each domain modifies and restructures others (Bafna, 

2003). The duality of space syntax measures can capture not only a spatial aspect but 
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also a functional aspect of urban form in the presence of destinations (Koohsari, et al., 

2016). 

The importance of topological dimension (e.g., integration, connectivity) has 

already been recognised in the case of walking behaviour of adult and children. Again, 

the contradictory results for some topological dimensions (e.g., integration, choice) 

raise questions about the applicability of the findings in the field of BE design. The 

question leads to the need for calculating the true effect sizes of all topological 

measures examined so far in relation to pedestrian (i.e., adult, child) movement for 

understanding their relative importance. The true effect sizes of topological measures 

will be able to provide some hints about their potential importance for CIM. 

The average impact of topological measures on PM, however, will not be enough 

to draw any direct conclusion for CIM because of two reasons. First, children see and 

interact with the world differently than adults do (Mathew, Limb, & Taylor, 1999). 

For example, when cul-de-sacs are found to restrict adults’ walking, they are found to 

promote children’s independent outdoor time by providing a protective environment. 

Similarly, mixed land use promotes adult walking (Frank, Engelke, & Schmid, 2003; 

Owen, Humpel, Leslie, Bauman, & Sallis, 2004; Powell, Martin, & Chowdhury, 2003) 

while discourages CIM. Second, independent travel behaviour of children is different 

from their dependent active travel behaviour and associated with a different set of BE 

variables. For example, a greater land-use mix was found to be an important predictor 

for children’s active travel, but a barrier for CIM (Larsen, et al., 2009). When it comes 

to children’s independent travel, an increased number of people on street due to 

diversified landscape might enhance the mobility restriction and decreased IM among 

children and parents. 

Despite the existence of some studies on children’s outdoor activities in 

connection with topological measures, CIM is still understudied. This gap leads to a 

concern that existing studies on CIM could be a subject to an omitted variable bias 

because they have mostly focused on the geographic attributes of the environment. 

Probably, for this reason, previous studies on CIM reported conflicting research 

findings on the impact of some BE factors as discussed earlier. This lack of evidence 

base raises the central question about the suitability of topological and geographic 

approaches to explain BE-CIM connection better.  
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The BE is extremely complex to understand, and its collective effect on CIM is 

even more complex. When the numbers of issues are considered beyond BE, then the 

BE-CIM relationship becomes considerably more complicated. Though several studies 

explain the influence of socio-demographic and perceptual factors, no study has yet 

tried to capture the collective impact of all these variables along both dimensions of 

BE on CIM.  

The review of the literature on CIM demonstrates that the findings are 

destination biased. A majority of studies on CIM focuses on one type of destination, 

i.e., travel to or from school (Broberg & Sarjala, 2015; Carver, Panter, et al., 2014; 

Fyhri, et al., 2011; Monsur, 2011; Prezza, et al., 2009). Compared to school trips, only 

a few studies on CIM focused on non-school destinations - to local leisure activities 

(e.g., park, playground) and other local destinations (e.g., shops, post office) (Broberg, 

Salminen, et al., 2013; Villanueva, Giles-Corti, Bulsara, Timperio, et al., 2012). 

Moreover, comparative studies between school and non-school destinations for CIM 

in connection with BE are still very scarce. For example, Fyhri and Hjorthol (2009) 

compared CIM between the journey to school, friend’s house and leisure activities 

(e.g., sports, youth club). However, no studies have yet extended the nondiscretionary 

destinations beyond the school such as extra-curricular classes, or have compared the 

discretionary (e.g., shopping, club, park) and nondiscretionary (e.g., school, private 

coaching, music class) CIM. Discretionary and non-discretionary destinations may 

have a connection with independent trip decision making and route choice by children. 

The review of the literature also demonstrates that CIM indicators applied thus 

far are unable to indicate the frequency of CIM or the extent of CIM in comparison to 

the overall mobility of a child. For example, a child is categorized as independent 

irrespective of whether he/she takes all trips or a single trip independently. This 

weakness of previous studies suggests applying proportionate measures to understand 

the relationship between CIM and BE factors. A proportion is a type of ratio that relates 

a part to a whole (LaMorte, 2016). Despite the wide application of proportion measure 

in active travel research of both children and adults (Falb, et al., 2007; Oliver, et al., 

2015; Xing, et al., 2010), little investigation has been applied in CIM research.  

The available CIM indicators also cannot explain the reason for choosing a 

particular route over other competitive routes for CIM. Route choice examines which 

BE characteristics stimulate to choose routes for PM by comparing characteristics of 
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the actually travelled route with characteristics of the alternative/ shortest routes 

(Dessing, et al., 2016; Duncan & Mummery, 2007; Koh & Wong, 2013). Although 

few studies explored children’s route choice for their active travel, children’s route 

choice for independent travel has yet been overlooked. 

The review of the literature in this chapter also reveals that most of the studies 

published on CIM are from the context of developed countries. Planners and urban 

designers of developing countries often rely on research findings from developed 

countries due to the lack of research and evidence base in their own counties. This 

practice raises the question of the validity of such findings in the context of a 

developing country and the appropriateness of their application. This practice is 

especially doubtful because the above review shows that contextual variations such as 

degree of urbanization, density, and design solution have a significant effect on CIM 

within/between the developed country contexts (Kytta, 2004).  

The review of the literature identifies the application of numerous indicators of 

the two dimensions of BE; however, there is a scare of systematic and quantitative 

review of their impacts on CIM. Moreover, their effects are mixed and inconsistent. 

The next two chapters (Chapters 3 and 4) address this research gap and answer the first 

research question by systematic reviews followed by statistical summarisations (meta-

analysis). The next chapter presents the impact of frequently examined geographic 

factors on CIM. The findings will help to understand the true effects of significant BE 

factors on CIM, which supports the design of the empirical part of this research.  
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 Meta-analysis of the 

Relationship between BE and 

CIM 

3.1  INTRODUCTION 

This chapter addresses the first objective of the first research question: “to 

identify a list of geographic factors that have significant associations with CIM and to 

derive the magnitudes, directions, and consistency of association of the identified 

geographic factors on CIM” through a literature review. The review of the literature 

presented in Chapter 2 identifies the application of numerous geographic BE; however, 

there is a scarce of systematic and quantitative review of their impacts on CIM. In 

particular, to achieve the objective mentioned above, this chapter identifies a list of 

geographic factors that are reported with a constantly strong correlation with CIM and 

summarises their effects on CIM. Section 3.2 outlines the need for meta-analysis of 

the relationship between BE-CIM. Section 3.3 outlines the methodology adopted to 

employ a meta-analysis including search strategy, study inclusion criteria, 

identification of relevant studies, selection of variables, coding of studies and data 

analysis strategy. The descriptive and analytical results are presented in Section 3.4. 

Finally, Section 3.5 summarises the findings and concludes the results. 

3.2 THE NEED FOR META-ANALYSIS OF THE RELATIONSHIP 

BETWEEN BE AND CIM 

Research on the link between built environment (BE) and children independent 

mobility (CIM) has been popularised recently for two primary reasons. First, 

increasing evidence indicates that the level of CIM has dropped significantly over the 

last few decades, which has led to childhood obesity, sense of loneliness and fear, 

physical, social and cognitive incompetence, poor environmental knowledge, reduced 

social and recreational opportunities, and car dependency (Christensen & O'Brien, 

2002; Groves, 1997; Hüttenmoser, 1995; Mackett, 2002; Prezza & Pacilli, 2007; 

Prezza, et al., 2001; Rissotto & Tonucci, 2002; Whitzman, et al., 2010). Second, the 

topic attracts research attention from multiple research disciplines (public health, 

urban planning, and psychology) due to its multiple policy benefits (Mackett, 2002; 
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Moore & Cooper Marcus, 2008; Tranter & Doyle, 1996; U.S. Environmental 

Protection, 2003). As a result, the research has expanded in both breadths and from a 

disciplinary perspective to inform developing policy.  

Built environmental and socio-cultural transformations caused by the growing 

pressure of urbanization are on the rise and are argued to have altered children’s 

mobility pattern worldwide (Fyhri, et al., 2011; Lopes, et al., 2014; Malone & Rudner, 

2011; Tranter & Sharpe, 2012). Consequently, research on the complex relationship 

between BE and CIM has increased since the first reported study in the early 1980s by 

Van Vliet (1983). These studies have investigated a range of BE factors (e.g., 

availability and proximity of destinations, land use diversity and density, street 

connectivity) and assessed their impacts on CIM to inform policies (De Meester, et al., 

2014; Kyttä, 2004; Loebach & Gilliland, 2014; Monsur & Islam, 2011; Prezza, et al., 

2001; Villanueva, Giles-Corti, Bulsara, McCormack, et al., 2012; Villanueva, Giles-

Corti, Bulsara, Timperio, et al., 2012; Villanueva, et al., 2013). A range of CIM 

indicators have also been tested in various studies including independent range, 

independent time outside, independent journey to destinations and parental licence for 

children (Kyttä, 2004; Loebach & Gilliland, 2014; Villanueva, Giles-Corti, Bulsara, 

McCormack, et al., 2012; Villanueva, Giles-Corti, Bulsara, Timperio, et al., 2012). 

These indicators are respectively referred to as CIM Range, CIM Time, CIM 

Destination, and CIM licence in this chapter.  

Among the various studies, only a few have reported a consistent relationship 

between several BE factors and CIM1. Despite their consistency (in terms of direction), 

the strength of association, however, varies substantially among the studies. For 

example, Broberg and Sarjala (2015) reported that a strong negative correlation exists 

between CIM and land use mix in Finland, whereas the relationship was found to be 

moderately negative in Bangladesh (Islam, et al., 2014). Several studies, however, 

reported that such a correlation does not exist at all - i.e., land use mix has no impact 

on boy’s IM (Carver, Veitch, et al., 2014). Further adding to this complexity, an 

opposite relationship has also been reported in the literature for several BE factors. For 

example, most studies reported that a positive association exists between well-

 

 
1 Among different BE factors, factors related to distribution of land uses and street design patterns 

were included in this review for their more frequent appearance in the literature. 
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connected street networks and CIM (Braza, et al., 2004; Kerr, et al., 2006), Monsur 

and Islam (2011), in contrast, reported that less connected road networks (e.g., dead-

end street) are likely to increase CIM. These contradictions and ambiguity in research 

findings raise the question of the true effect of the BE on CIM; and despite decades-

long exploration on this topic, there is clearly a dearth of studies that systematically 

and statistically investigated these inconsistencies.  

Previously, four studies have conducted a systematic review of the CIM 

literature (Bates & Stone, 2015; Malone & Rudner, 2017; Moghtaderi, Burke, & 

Dodson, 2012; Schoeppe, Duncan, Badland, Oliver, & Curtis, 2013). These studies 

have mainly focused on the link between CIM and health benefits. This means that 

CIM has been used as an explanatory factor of health outcomes. However, Malone and 

Rudner (2017) have provided a descriptive summary of CIM in relation to different 

socio-cultural and ecological contexts. This current study draws on the relationship 

between BE factors and CIM measured by systematically reviewing effects of the 

former on the latter, and considering cultural and geographic determinants, which may 

affect the expression of both variables. In particular, this research aims to evaluate 

which geographic factors have a consistently strong correlation with CIM through 

answering the following four questions: a) What are the different factors of BE that 

significantly affect CIM?; b) What are the magnitudes and directions of the 

associations?; c) Which BE factors have more consistent relationships with CIM?; d) 

What are the likely causes of variations of the reported results in prior studies?, and e) 

How the impacts of BE vary between developed and developing countries? 

The chapter employs a meta-analysis technique to answer the above research 

questions. The objective of this meta-analytic review is to identify a list of geographic 

factors that have significant associations with CIM and to derive the magnitudes, 

directions, and consistency of association of the identified geographic factors on CIM. 

To do so, this part of research statistically summarise the current body of knowledge 

on the association between BE and CIM in an attempt to estimate the average impact 

of BE characteristics on CIM. It first combines the effect size (ES) of the studies 

reporting an association of different BE variables and CIM for generalizability, and 

secondly, compares the average effect sizes across different variables to score their 

relative strengths and validity. 
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3.3 META-ANALYSIS TO STATISTICALLY SUMMARISE THE 

CURRENT BODY OF KNOWLEDGE 

A meta-analysis is a form of a structured review of the literature on a particular 

topic of interest. Previously, researchers have used a range of review techniques, which 

can broadly be categorised as traditional or narrative literature reviews and systematic 

literature reviews. A detail description of each of these methods is outlined in Jesson 

et al. (2011) and is not discussed here in detail. Briefly, a narrative review examines a 

body of literature and draws a conclusion about a topic in question. It aims to provide 

the readers with a comprehensive background for understanding existing knowledge 

and thereby to identify gaps for new research. In contrast, a systemic review uses more 

rigorous and well-defined criteria to select and review the literature to answer a well-

developed research question in order to allow the readers to assess the reliability and 

validity of the review (Torgerson, 2003). In addition to meta-analysis, another form of 

systematic review includes meta-synthesis. Meta-analysis is different from meta-

synthesis in that the former is based on statistical analysis of findings reported in 

previous studies whereas the latter is a non-statistical technique used to integrate, 

evaluate and interpret the findings of multiple qualitative research studies (Borenstein 

and Wiley, 2009). Therefore, a meta-analysis permits to extract the strength and 

direction of associations between dependent and independent variables, and thereby 

allows a more objective assessment of the evidence and may clarify heterogeneity or 

similarities (Egger and Smith, 1997). 

3.4 RESEARCH METHOD OF A META-ANALYTIC REVIEW 

 Search Strategy 

The identification of relevant studies in this research synthesis was made based 

on six types of searches. First, a comprehensive search within all major electronic 

databases including Scopus, Tailor & Francis online, BioMed Central and Science 

Direct. The search range was specified from January 1980 to May 2016 as the first 

study on this topic was published in 1983 by Van Vliet (1983). Search terms included, 

but not limited to, “urban environment”, “BE”, physical environment of 

neighbo?rhood, neighbo?rhood character, neighbo?rhood, land use, proximity, 

distance to destination, walkability, street connection, street network, accessibility in 

combination with “children independent mobility’, or “children’s IM”, or “children’s 

autonomous mobility”, or children’s free movement”, or children’s independent 
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journey”, or free play. Second, a selective search for the same time period, on the 

following Journal titles: Health and Place, Transportation Planning and Technology, 

Environment and Behaviour, Children’s Geographies, Journal of Urban Design, 

Journal of Transport Geography, Journal of Transport and Health, Transport Policy, 

and Journal of Science and Medicine in Sport. These journals were selected for further 

searches because the search results from the previous step showed that a majority of 

the related articles were published in these journals. Third, checking of reference lists 

of the selected publications from the above steps in order to identify additional studies 

not included previously. Fourth, identification of masters and PhD theses on this topic 

from the university thesis database ‘ProQuest’. Fifth, a search of electronic databases 

including government websites, university websites, non-profitable and private sector 

websites in order to identify unpublished research on this topic. Sixth, a search of the 

corresponding author’s available online personal profiles to locate further relevant 

documents. 

 Study Inclusion Criteria 

Studies retrieved from the initial searches were screened using a seven-stage 

inclusion process: 1) study population must be ≤ 18 years old; 2) the association 

between BE and CIM has been reported quantitatively based on a regression model, 

or bivariate model, or logit model; 3) studies reported sufficient statistical details to 

calculate Effect Size (ES). These include any of the following combination: i) odds 

ratios [OR] and 95% confidence intervals [CI]; ii) sample sizes and correlation value; 

iii) mean difference (M) and standard deviation (SD); iv) sample sizes and t value; or 

v) sample sizes and z value; 4) studies are published (or unpublished works) in English; 

5) both cross-sectional and/or longitudinal studies are included that statistically 

examined an association and met the above four criteria; 6) all studies included 

irrespective of their measurement scales (objective/subjective) used to collect data on 

CIM and BE; and 7) no screening was made in terms of data collection instruments 

(e.g., children vs. proxy reports). 

  Identification of Relevant Studies 

The search strategies, as outlined in Section 3.2.2, resulted in 2,808 primary 

studies, including articles, reports, theses, books, book-chapters and journal news. 

These studies were examined for inclusion using a systematic method, as outlined in 

Figure 3-1. The step by step searches and coding of relevant documents resulted in 31 
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published and unpublished primary studies that investigated an association between 

CIM and BE. These studies assessed 66 separate relationships using either objectively 

or subjectively derived BE indicators. 23 of these studies were not included in the final 

analysis because they did not report sufficient statistical details necessary for this 

review. Table 3-1 lists the studies that were included for final review and Table 3-2 

lists the studies that were excluded from this study. Although the number of studies 

included in this review is limited, they were found to be representative of prior studies 

on meta-analysis in similar research fields (Table 3-3). Moreover, research has 

highlighted that a combination of only two studies in meta-analysis provides a much 

stronger ground of evidence than a single study (Rosenthal & DiMatteo, 2001).  

 

Figure 3-1: Process flow diagram showing the procedure used to select primary 

studies for this research 

 

Table 3-1: Summary of primary studies used in meta-analysis  

Sl Study  Public

ation 

type  

Study 

location 

Estimation 

method 

Sampl

e Size  

Depende

nt 

variable 

Independent 

variable 

1 (Loebach 

& 

Gilliland, 

2014) 

 

Journal Canada Person’s 

correlation 

coefficient 

(r), Mean 

differences 

143 CIM 

Range 

Residential location 

type, distance to 

destination, 

residential density, 

land use mix, 

proportion of 

residential land use, 
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proportion of 

commercial land use, 

intersection density, 

road density 

CIM 

Time 

Residential location 

type, distance to 

destination, 

residential density, 

proportion of 

residential land use, 

proportion of 

commercial land use, 

intersection density 

2 (Villanue

va, 

Giles-

Corti, 

Bulsara, 

Timperio

, et al., 

2012) 

Journal Australia Multivariat

e logistic 

regression 

1132 CIM 

Licence 

Distance to 

destination 

CIM 

Destinati

on,  

Recreational facilities  

3 (Kyttä, 

2004) 

Journal Finland 

and 

Belarus 

Spearsman’

s 

correlation 

coefficient  

223, 

Finlan

d (80), 

Belaru

s (147) 

CIM 

Licence 

Recreational facilities 

Finlan

d (80) 

CIM 

Destinati

on, 

Recreational facilities 

4 (Islam, et 

al., 2014) 

Journal Banglade

sh 

Bivariate 

regression 

109 CIM 

Time 

Proportion of 

residential land use, 

proportion of 

commercial land use, 

intersection density, 

dead-end street, 

vehicular street width 

5 (Broberg 

& 

Sarjala, 

2015) 

Journal Finland Odds Ratio 202 CIM 

Destinati

on 

Distance to 

destination, 

residential density, 

recreational facilities, 

intersection density, 

road density, 

proportion of main 

roads 

6 (Carver, 

Panter, et 

al., 2014) 

Journal UK Odds Ratio, 

Multivariat

e regression 

1121 CIM 

Destinati

on 

Land use mix, road 

density, proportion of 

main roads 

7 (Broberg, 

Salminen

, et al., 

2013) 

Journal Finland 

 

Odds Ratio 901 CIM 

Destinati

on 

Distance to 

destination, 

residential density 

8 (Fyhri & 

Hjorthol, 

2009) 

Journal  Norway Mean 

differences 

1282 CIM 

Destinati

on 

Distance to 

destination 

9 (Christia

n, et al., 

2015) 

Journal Australia Odds Ratio, 

Multivariat

e logistic 

regression 

181 CIM 

Licence 

Distance to 

destination, 

recreational facilities 
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10 (Lin & 

Chang, 

2009) 

Journal Taiwan Nested logit 

model 

168 CIM 

Destinati

on 

Distance to 

destination, 

intersection density, 

vehicular street width 

11 (Kyttä, 

1997a) 

Book 

chapter  

Finland T-test and 

z-ratio 

168 CIM 

Licence 

Residential location 

type 

12 (Monsur, 

2011) 

Unpubl

ished 

thesis 

Banglade

sh 

Bivariate 

regression 

60 CIM 

Time 

Distance to 

destination, 

recreational facilities, 

dead-end street, 

vehicular street width 

CIM 

Destinati

on 

Distance to 

destination, 

recreational facilities, 

dead-end street, 

vehicular street width 

CIM 

Range 

Distance to 

destination, 

recreational facilities, 

dead-end street, 

vehicular street width 

 

Table 3-2: Reasons for exclusion of some studies from BE-CIM meta-analysis during 

the final screening  
 

Sl Excluded studies CIM variable Reason for exclusion 

1 O'Brien, et al. 

(2000) 

CIM licence Results published in a statistical format 

not usable for this research 

2 Lopes, et al. (2014) CIM destination Results published in a statistical format 

not usable for this research 

3 Villanueva, Giles-

Corti, Bulsara, 

McCormack, et al. 

(2012) 

CIM range Relationship of activity spaces with IM 

and walkability has been explored 

4 Villanueva, et al. 

(2013) 

CIM destination Only study that assessed relationship 

between walkability and IM 

5 Schoeppe, et al. 

(2016) 

CIM range Results published in a statistical format 

not usable for this research 

6 Alparone and Pacilli 

(2012) 

CIM destination Used subjective perception about BE as 

independent factor  

7 Loebach and 

Gilliland (2016) 

CIM range, CIM 

destination 

Results published in narratives 

8 Van Vliet (1983) CIM range Results published in a statistical format 

not usable for this research 

9 Prezza, et al. (2001) CIM destination Results published in a statistical format 

not usable for this research 

10 Carver, et al. (2012) CIM licence Comparison between urban and rural 

11 Carver, Veitch, et 

al. (2014) 

CIM range IM is used as independent variable and 

active transport as dependent variable  

12 Björklid (2004) CIM licence Results described using % only 
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13 Fagerholm and 

Broberg (2011) 

CIM destination, 

CIM licence 

Results published in a statistical format 

not usable for this research 

14 Drianda, et al. 

(2015) 

CIM licence Results published in narratives 

15 Jones, Davis, and 

Eyers (2000) 

CIM destination Used subjective perception about BE as 

independent factor 

16 Ducheyne, De 

Bourdeaudhuij, 

Spittaels, and 

Cardon (2012) 

CIM licence Investigation on total cycling (IM is not 

specified) 

17 Larsen, et al. (2009) CIM destination Focus is on active travel, not on CIM 

18 Tranter and 

Whitelegg (1994) 

CIM destination, 

CIM licence 

Results published in a statistical format 

not usable for this research 

19 Stone, et al. (2014) CIM licence IM is used as a mediator of physical 

activity 

20 Johansson (2006) CIM destination Results published in a statistical format 

not usable for this research 

21 Zwerts, et al. (2010) CIM destination Results published in a statistical format 

not usable for this research 

22 Ghekiere, et al. 

(2016) 

CIM range Used subjective perception about BE as 

independent factor 

23 Ghekiere et al. 

(2014) 

CIM licence Investigation on total cycling (IM is not 

specified) 

 

Table 3-3: Sample sizes of several meta-analysis reviews in the planning discipline  
Citation Journal Number of studies 

included in the 

meta-analysis 

(Hajna et al., 2015) BLC Public Health 4 

(Ewing & Cervero, 

2010) 

Journal of the American Planning 

Association 

61 

(Duncan, Spence, & 

Mummery, 2005) 

International Journal of Behavioral 

Nutrition and Physical Activity 

17 

(Leck, 2006) Berkeley Planning Journal 17 

(Vaughan, LaValley, 

AlHeresh, & Keysor, 

2016) 

Journal of Aging and Health 12 

(McGrath, Hopkins, & 

Hinckson, 2015) 

Sports Med 23 

(Gim, 2013) Transportation Planning and 

Technology 

39 

 Selection of Dependent and Independent Variables  

As indicated previously, researchers have investigated 66 different relationships 

between BE and CIM. This means they have used 66 BE factors. However, a closer 

investigation of these 66 factors showed that although many of these are labelled 

differently, they represent the same BE factors. As a result, some of the BE variables 

were renamed for consistency and easy comparison. This research used those BE 



 

60 Chapter 3: Meta-analysis of the Relationship between BE and CIM 

factors that have been used at least in two primary studies in order to derive ES 

statistically. These operations resulted in a total of 17 BE factors for final evaluation. 

After congregating of variables where possible, finally, 13 BE factors retained for 

further investigation because these were used frequently in primary studies. These 

variables included residential location type (urban/suburban), distance to destination, 

residential density, land-use mix, availability of recreational facilities, proportion of 

residential land use and proportion of commercial land use, intersection density, road 

density, traffic volume, vehicular street width, presence of dead-end street, and 

proportion of main roads. As indicated previously, these primary studies used four 

types of CIM indicators: CIM range (i.e., how far from home a child can move 

independently), CIM time (i.e., how many minutes a child can stay outside of home 

independently), CIM licence (i.e., whether a child is allowed to travel independently 

by parents), and CIM Destination (i.e., whether a child made an independent trip to a 

specific destination or not) (Table 3-1). 

 Coding of Studies 

The systematic review and meta-analysis were conducted according to the 

guidelines provided in ‘Preferred reporting items for systematic review and meta-

analysis: The PRISMA statement’ by Moher, Liberati, Tetzlaff, and Altman (2009). 

The statistical data in relation to BE and CIM links were coded along with a number 

of other contextual information to examine the sources of variations among the 

reported studies. These contextual variables included: sample sizes, age and gender of 

the respondents, geographic contexts of the study (urban, rural, suburban), economic 

context (e.g., developed or developing countries), research methodology used 

(theoretical basis, CIM definitions, measurement scale of CIM and BE variables), 

publication year, and study design (cross-sectional and longitudinal). In the case of 

missing data to describe the variables (either statistical or contextual) in any study, 

efforts were made to obtain those data through personal communication with the 

corresponding author of that study via email before eliminating it from the analysis. 

Data were calculated in the desired format where necessary based on available 

information presented within the publications in order to match with other primary 

studies. This meta-analytic review was not performed separately for each of the CIM 

outcome categories rather this research reported an aggregated result. The intent here 

is to extract the overall level of influence of the BE variables on CIM. 
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 Data Analysis Strategy 

• Classification of the reported results of primary studies 

The results of the primary studies were classified according to their reported 

formats. This research found five types of results reported in the selected 12 primary 

studies. These included: a) descriptive statistics outlining mean CIM for certain BE 

factors with standard deviation (SD); b) Pearson’s and spearman’s correlational 

coefficient value ‘r’ in bivariate regression model, which described the magnitude of 

correlation between CIM and BE variables c) t statistics with sample sizes when linear 

regression models are estimated to describe a link between BE and CIM; d) odds ratio 

(OR) with confidence interval (CI) to determine the odds of particular event between 

different types of outcome CIM and BE variables; e) z value of statistical significance 

and sample sizes. Given that the aim of this study is to derive an overall effect size of 

the BE factors, these five types of studies were standardized into a common format as 

outlined below. 

• Calculation of effect size (ES) of primary studies 

The results of the five types of studies were converted into a common ES 

‘correlation (r) with a 95% confidence interval (CI)’. Equation 3-1 was used to 

calculate ES from studies that reported descriptive results: 

r= d/ √(d²+a)            (3-1) 

where d =standardized mean differences, a = correction factor for cases where 

n1 ≠ n2, [a= (n1+n2)²/n1n2], n = sample sizes 

Equation 3-2 was used to convert t statistics into a correlation: 

r= √(t²/ t²+df)            (3-2) 

where t is the reported value for the t-test, df is the degrees of freedom of the test  

Equation 3-3 was used to compute the correlation from Z value of statistical 

significance: 

r= √(z²/ n)            (3-3) 

where n is the sample size 

Equations 3-4 and 3-1 were used to convert the odds ratio (OR) into a correlation 

using a two-step procedure. First, odds ratios were converted into mean difference (d) 
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by using Equation 3-4. Second, the derived mean difference was again converted into 

a correlation value by using Equation 1. 

d= (√3/π) ln(OR)            (3-4)  

• Identifying the overall ES of a BE factor 

This study applied a random effect model over a fixed-effect model to derive an 

overall ES for each BE variable because a fixed effect model assumes that the true 

effect size is the same in all primary studies and the only reason that the ESs vary 

between studies is due to sampling error. Therefore, a fixed-effect model ignores the 

possibility that the true effects might be different between studies due to variations in 

sample structure (e.g., age, gender, income of the sample). Consequently, in a fixed-

effect model, a larger weight is given to the studies that have larger sample sizes 

because it is assumed that better ESs are inherent with studies with larger sample sizes. 

The random effect model takes into account the sample sizes of all studies because 

each study provides information about a different ES (i.e., we cannot discount a small 

study by giving it a very small weight). Hence, a random effect model delivers more 

balanced relative weights where extreme studies lose influence if they are large and 

gain influence if they are small (Card, 2015). The overall ESs were calculated for 13 

different relationships between BE and CIM in this research. 

• Determination of heterogeneity among the primary studies 

A statistical test of heterogeneity was run to assess the consistencies of the 

reported results among the primary studies as the included studies had variations in 

results. Heterogeneity tests checked whether genuine differences were underlying the 

results of the studies (heterogeneity), or the variations in findings are compatible with 

a chance (homogeneity). This has been measured by I², which indicates the proportion 

of total variation due to heterogeneity rather than homogeneity. I² was calculated based 

on Equation 3-5.  

I²=100% x (Q-df)/Q)           (3-5) 

Where Q=Cochran’s heterogeneity statistics, df=degree of freedom 

Prior research has indicated that any values of I² less than 25% are considered as 

low heterogeneity, values between 25% and 75% are considered as moderate 

heterogeneity, and values above 75% indicates high heterogeneity (Higgins, 

Thompson, Deeks, & Altman, 2003). 
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• Diagnosis of publication bias 

This research also examined publication bias in the aggregated effect sizes 

through visual evaluation of the symmetrical distribution of data points in the funnel 

plots followed by the application of Egger regression test (Egger, Smith, Schneider, & 

Minder, 1997). An asymmetric funnel plot or a significant result of Egger test (1 tailed 

p-value) would indicate that the meta-analysis results may be exaggerated from a lack 

of publication of non-significant study results. The funnel plot is not applicable if the 

number of primary studies describing a particular relationship is less than 10 

(Borenstein, Hedges, Higgins, & Rothstein, 2005). This was found to be the case for 

the majority of relationships in this study. As a result, an alternative test, the ‘Fail-Safe 

N’ Calculation was run to check the presence of publication bias (Rosenthal, 1979). 

The ‘Fail-Safe N’ test identifies the number of non-significant missing studies that can 

nullify a significant result. 

3.5 META-ANALYSIS RESULTS OF BE-CIM RELATION 

 Descriptive Result 

Table 3-4 documents the frequency distribution of primary studies according to 

their coded classification. It shows that most of the included studies were recent and 

published between 2000 and 2016 (92%). A majority of these studies (75%) were 

conducted in a developed country context, specifically in Europe (50%). Most of the 

studies are again cross-sectional in nature (83%), and only 16% of the studies 

investigated the link between CIM and BE longitudinal. Sample sizes of these studies 

varied from 60 to 1314 individuals, but a majority of the studies (67%) collected data 

from less than 500 participants in order to assess the relationship. Again, most of the 

studies are focused on urban areas. To measure CIM, 92% of the studies employed a 

subjective measurement scale, and only 16% of the studies used an objective measure 

of CIM based on, for example, GPS logger. Data were collected directly from children 

in about 66% of the studies while the remaining studied relied on proxy reports from 

parents. Unlike CIM measurement scales, both subjective and objective scales were 

equally used to derive BE indicators. 

The frequency of investigation of the 13 BE factors in the selected 12 primary 

studies is outlined in Table 3-5. Note also that a single BE factor might have been 

investigated in various ways in a primary study. For example, the impact of distance 
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to destination has been studied separately for males and females in a primary study. 

This study, as a result, was entered twice for the calculation of ES. Again, a link 

between BE and CIM has been investigated using more than one indicator; or using 

different BE ranges from home (buffer distance). Consequently, these studies were 

entered multiple times in order to calculate the point estimate, assuming that each of 

the category/subgroup or outcome measure as an individual study. Among the 13 

factors, the link between distance to destination and CIM has been studied the most, 

in 8 primary studies (Table 3-5). Table 3-5 depicts that 5 BE variables have been 

investigated more frequently, including the availability of recreational facilities, 

residential density, land use mix, intersection density and vehicular street width. 

According to the data outlined in Table 3-5, seven of the 13 relationships were 

examined only in two primary studies. Although the number of primary studies seems 

to be quite small for these factors, the inclusion of multiple entries overcame the 

drawback of limited sample sizes in these cases. Only one factor remained with two 

entries after the inclusion of multiple entries (traffic volume) (Table 3-5).  

Table 3-4: Coded characteristics of primary studies  
Characteristics  n (%) Study source 

Study design 

Cross-sectional 10 

(83) 

(Broberg, Salminen, et al., 2013; Broberg & Sarjala, 

2015; Fyhri & Hjorthol, 2009; Islam, et al., 2014; Kyttä, 

1997a, 2004; Lin & Chang, 2009; Loebach & Gilliland, 

2014; Monsur, 2011; Villanueva, Giles-Corti, Bulsara, 

Timperio, et al., 2012) 

Longitudinal 1 (8) (Christian, et al., 2015) 

Cross-sectional and 

Longitudinal 

1 (8) (Carver, Panter, et al., 2014) 

Sample size   

<500 8 (67) (Broberg & Sarjala, 2015; Christian, et al., 2015; Islam, 

et al., 2014; Kyttä, 1997a, 2004; Lin & Chang, 2009; 

Loebach & Gilliland, 2014; Monsur, 2011) 

>500 4 (33) (Broberg, Salminen, et al., 2013; Carver, Panter, et al., 

2014; Fyhri & Hjorthol, 2009; Villanueva, Giles-Corti, 

Bulsara, Timperio, et al., 2012) 

Region of sample 

Europe 6(50) (Broberg, Salminen, et al., 2013; Broberg & Sarjala, 

2015; Carver, Panter, et al., 2014; Fyhri & Hjorthol, 

2009; Kyttä, 1997a, 2004) 

North America 1 (8) (Loebach & Gilliland, 2014) 

Asia 3 (25) (Islam, et al., 2014; Lin & Chang, 2009; Monsur, 2011) 

Australia/New 

Zealand 

2 (17) (Christian, et al., 2015; Villanueva, Giles-Corti, Bulsara, 

Timperio, et al., 2012) 

Geographic Location 

Urban  8 (67) (Broberg, Salminen, et al., 2013; Broberg & Sarjala, 

2015; Christian, et al., 2015; Islam, et al., 2014; Kyttä, 
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2004; Lin & Chang, 2009; Monsur, 2011; Villanueva, 

Giles-Corti, Bulsara, Timperio, et al., 2012) 

Urban-suburban 2 (17) (Kyttä, 1997a; Loebach & Gilliland, 2014) 

Urban-rural 2 (17) (Carver, Panter, et al., 2014; Fyhri & Hjorthol, 2009) 

Destination type   

School 4 (33) (Broberg & Sarjala, 2015; Carver, Panter, et al., 2014; 

Lin & Chang, 2009; Monsur, 2011) 

Local destinations 

other than school 

6(50) (Broberg, Salminen, et al., 2013; Christian, et al., 2015; 

Islam, et al., 2014; Kyttä, 1997a; Loebach & Gilliland, 

2014; Villanueva, Giles-Corti, Bulsara, Timperio, et al., 

2012) 

All 2 (17) (Fyhri & Hjorthol, 2009; Kyttä, 2004) 

Publication Year 

1983-2000 1 (8) (Kyttä, 1997a) 

2000-2016 11 

(92) 

(Broberg, Salminen, et al., 2013; Broberg & Sarjala, 

2015; Carver, Veitch, et al., 2014; Christian, et al., 

2015; Fyhri & Hjorthol, 2009; Islam, et al., 2014; Kyttä, 

2004; Lin & Chang, 2009; Loebach & Gilliland, 2014; 

Monsur, 2011; Villanueva, Giles-Corti, Bulsara, 

Timperio, et al., 2012) 

CIM measurement 

Child reported 4 (33) (Broberg, Salminen, et al., 2013; Broberg & Sarjala, 

2015; Islam, et al., 2014; Lin & Chang, 2009) 

Parent-reported 1 (8) (Christian, et al., 2015) 

Child and parent-

reported 

4 (33) (Carver, Veitch, et al., 2014; Fyhri & Hjorthol, 2009; 

Kyttä, 1997a, 2004; Villanueva, Giles-Corti, Bulsara, 

Timperio, et al., 2012) 

Objective* 1 (8) (Loebach & Gilliland, 2014) 

Objective and 

Subjective 

1 (8) (Monsur, 2011) 

BE variables measurement 

Subjective 6(50) (Fyhri & Hjorthol, 2009; Islam, et al., 2014; Kyttä, 

1997a, 2004; Lin & Chang, 2009; Monsur, 2011) 

Objective** 6(50) (Broberg, Salminen, et al., 2013; Broberg & Sarjala, 

2015; Carver, Panter, et al., 2014; Christian, et al., 2015; 

Loebach & Gilliland, 2014; Villanueva, Giles-Corti, 

Bulsara, Timperio, et al., 2012) 

 

*Objective CIM measurements included GPS loggers, accelerometers, and pedometers 

** Objective BE measurements included GIS measures 

 

Table 3-5: Frequency of investigation of BE variables in the primary studies  
BE variable Number 

of studies 

Investiga

ted 

Total 

number 

of entries 

in meta-

analysis 

Reference of the primary studies 

 

Distance to 

destination 

8 20 (Broberg, Salminen, et al., 2013; Broberg & 

Sarjala, 2015; Christian, et al., 2015; Fyhri & 

Hjorthol, 2009; Lin & Chang, 2009; Loebach & 

Gilliland, 2014; Monsur, 2011; Villanueva, 

Giles-Corti, Bulsara, Timperio, et al., 2012) 
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Availability of 

recreational 

facilities 

5 13 (Broberg & Sarjala, 2015; Kyttä, 2004; Monsur, 

2011; Villanueva, Giles-Corti, Bulsara, 

Timperio, et al., 2012) 

Residential 

density 

3 11 (Broberg, Salminen, et al., 2013; Broberg & 

Sarjala, 2015; Loebach & Gilliland, 2014) 

Land use mix 3 9 (Broberg & Sarjala, 2015; Carver, Panter, et al., 

2014; Islam, et al., 2014) 

Residential 

location type 

2 7 (Kyttä, 1997a; Loebach & Gilliland, 2014) 

Proportion of 

residential 

land use 

2 3 (Islam, et al., 2014; Lopes, et al., 2014) 

Proportion of 

commercial 

land use 

2 7 (Islam, et al., 2014; Lopes, et al., 2014) 

Intersection 

density 

4 10 (Broberg & Sarjala, 2015; Islam, et al., 2014; 

Lin & Chang, 2009; Lopes, et al., 2014) 

Vehicular 

Street width 

3 6 (Islam, et al., 2014; Lin & Chang, 2009; 

Monsur, 2011) 

Road density 2 10 (Broberg & Sarjala, 2015; Carver, Panter, et al., 

2014) 

Traffic volume 2 2 (Broberg, Salminen, et al., 2013; Christian, et 

al., 2015) 

Dead end 

street 

2 4 (Islam, et al., 2014; Monsur, 2011) 

Proportion of 

main roads 

2 6 (Broberg & Sarjala, 2015; Carver, Panter, et al., 

2014) 

 Analytical Result 

Table 3-6 summarises the overall results of the 13 meta-analyses conducted in 

this research. It displays an overview of ES measured by correlation with a 95% 

confidence interval, heterogeneity statistics, and publication bias test results. 

According to commonly applied guidelines, a value of ES equal to ±0.10, ± 0.30 and 

± 0.50 represents small, medium and large ESs respectively (Card, 2015). The derived 

ESs were further classified based on economic contexts (developing vs. developed) in 

order to understand whether the relationships hold between different contexts (Table 

3-7). Table 3-7 contains many empty cells which means that these BE factors were not 

comparable between developed and developing country contexts for two reasons: a) 

all primary studies were originated from a single context; and b) ES calculation is not 

supported when there are fewer than two studies in any of the contexts. These 

restrictions allowed a comparison of only four BE variables in this study.
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Table 3-6: Summary of meta-analysis results  

 

 

 

BE Variable Effect Size and 95% interval 

 

Heterogeneity statistics 

 

Publication bias 

 

Point 

estimate 

Lower 

limit 

Upper 

limit 

CI 

value 

Z 

value 

p 

value 

Q 

value 

df 

(Q) 

P 

value 

I 

squared 

Egger 

regression 

(p value) 

Fail- 

Safe 

N 

Dead-end street 0.352 0.130 0.540 0.410 3.048 0.002 11.621 3 0.009 74.185 NA 37 

Proportion of residential land use 0.267 0.128 0.395 0.267 3.706 0.000 4.170 2 0.124 52.038 NA 20 

Residential location type (urban -

suburban) 

0.116 -0.014 0.242 0.256 1.746 0.081 13.121 4 0.011 69.516 NA 9 

Distance to destination -0.001 -0.002 -0.001 0.001 -2.960 0.003 99.704 18 0.000 81.947 0.092 228 

Intersection density -0.013 -0.025 -0.002 0.023 -2.337 0.019 53.584 9 0.000 83.193 0.023 144 

Road density -0.082 -0.140 -0.023 0.117 -2.707 0.007 43.281 7 0.000 83.826 0.052 55 

Vehicular street width -0.151 -0.248 -0.051 0.197 -2.945 0.003 1.162 2 0.077 49.644 NA 23 

Land use mix  -0.182 -0.293 -0.066 0.227 -3.062 0.002 75.513 8 0.000 89.118 NA 46 

Proportion of commercial land 

use 

0.118 -0.028 0.258 0.286 1.589 0.112 31.369 6 0.000 80.873 NA 18 

Traffic volume 0.000 -0.021 0.020 0.041 -0.025 0.980 2.558 1 0.110 60.903 NA NA 

Residential density -0.005 -0.020 0.010 0.030 -0.651 0.515 62.180 10 0.000 83.913 0.284 11 

Proportion of major road -0.006 -0.017 0.005 0.022 -1.045 0.296 10.535 5 0.061 52.540 NA 6 

Availability of recreational 

facilities 

-0.008 -0.022 0.038 0.060 0.535 0.593 57.936 12 0.000 79.287 0.003 0 
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Table 3-7: Summary of meta-analysis results based on contextual differences  

 

BE Variable Developed country 

 

Developing country 

 

Effect Size and 95% interval 

 

Heterogeneity 

statistics 

 

Effect Size and 95% interval 

 

Heterogeneity 

statistics 

 

n 

(st

ud

y) 

n 

(ent

ry) 

point 

estimat

e 

lower 

limit 

upper 

limit 

p 

value 

P 

value 

I 

squared 

n 

(stu

dy) 

n 

(ent

ry) 

point 

estimat

e 

lower 

limit 

upper 

limit 

p 

value 

P 

value 

I 

square

d 

Dead-end street - - - - - - - - 2 4 0.352 0.130 0.540 0.002 0.009 74.185 

Proportion of 

residential land use 

1 2 - - - - - - 1 1 - - - - - - 

Residential location 

type (urban -suburban) 

2 7 0.116 -0.014 0.242 0.081 0.011 69.520 - - - - - - - - 

Distance to destination 6 16 -0.001 -0.002 -0.001 0.001 0.000 80.130 2 4 -0.495 -0.782 -0.210 0.001 0.159 42.035 

Intersection density 3 9 -0.011 -0.019 -0.002 0.017 0.000 75.870 1 1 -0.420 -0.564 -0.252 0.000 - - 

Road density 2 8 -0.082 -0.140 -0.023 0.007 0.000 83.826 - - - - - - - - 

Vehicular street width 1 2 -0.219 -0.290 -0.145 0.000 0.336 0.000 2 4 -0.080 -0.230 0.084 0.357 0.152 43.212 

Land use mix  2 8 -0.154 -0.266 -0.038 0.009 0.000 88.430 1 1 -0.340 -0.496 -0.162 0.000  - - 

Proportion of 

commercial land use 

1 6 - - - - - - 1 1 - - - - - - 

Residential density 3 11 -0.005 -0.020 0.010 0.515 0.000 83.910 - - - - - - - - 

Availability of 

recreational facilities 

4 10 -0.008 -0.022 0.038 0.593 0.000 81.551 - - - - - - - - 

Traffic volume 2 2 0.000 -0.021 0.020 0.980 0.110 60.900 - - - - - - - - 

Major road proportion 2 6 -0.006 -0.017 0.005 0.296 0.061 52.540 - - - - - - - - 
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• Strength of association 

It is apparent from Table 3-6 that the maximum strength of the BE-CIM 

association falls under moderate ES range. Of the 13 BE-CIM associations, six have a 

value ranging from small to moderate ES. These included: proportion of residential 

use, proportion of commercial use, land use mix, dead-end streets, and vehicular street 

width. The remaining seven factors have a very small effect with ES value less than 

±0.1. These are distance to destination, residential density, availability of recreation 

facilities, traffic volume, proportion of major road, intersection density, and road 

density. The dead-end street is found to have the strongest association with CIM.  

In terms of significance, a majority of the BE factors (7) stand against null 

hypothesis “no effect of the intervention” and found to have a statistically significant 

result at 0.05 level. These factors included: proportion of residential use, distance to 

destination, land use mix, dead-end streets, intersection density, road density, and 

vehicular street width. Again, among these significant 8 BE factors, only four of them 

variables (distance to destination, intersection density, road density, and vehicular 

street width) have high precision in terms of their narrow CI (Table 3-6). The wider 

CI of the remaining BE variables describes a lack of certainty inherent in these 

estimates (proportion of residential land use, residential location type, land use mix 

and dead-end street) due to either lack of precision of individual primary study 

estimates or the small number of studies combined for each meta-analysis.  

A comparison of ESs between developed and developing countries in Table 3-7 

shows that the ESs are stronger in developing country context for three of the four BE 

variables. These are: distance to destination, land use mix, and intersection density. On 

the other hand, vehicular street width was found to have a stronger effect in developed 

country context than in developing countries.
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• Direction of association 

A majority of the BE variables (n=8) were found to have a negative correlation 

with CIM (distance to destination, residential density, availability of recreational 

facilities, land use mix, major road proportion, intersection density, road density, 

vehicular street width). Only, four BE variables have a positive influence on CIM (i.e., 

dead-end street, proportion of residential land use, proportion of commercial land use, 

and residential location type). One variable was found not to have any association with 

CIM (traffic volume, ES=0). 

The findings reveal that among all four variables that have a positive association 

with CIM, dead-end street has the strongest positive association (ES=0.352, 95% 

CI=0.130-0.540) than the other three BE variables. The positive nature of this 

association means that the presence of dead-end street strongly encourages children to 

move more independently. However, this finding is valid only in the context 

developing countries because the effect was not investigated in developed country 

context (Table 3-7). On the other hand, among the factors with a negative association 

with CIM, land use mix has the strongest effect overall [ES= -0.182, 95% CI= -0.293-

(-0.066)]. This is, however, different when contextual information is considered. Table 

3-7 shows that distance to destination and vehicular street width respectively have the 

strongest negative effect on CIM in developing and developed country contexts. 

• Consistency of association 

To check the reliability of findings, results of heterogeneity tests are presented 

in this section. The heterogeneity statistics for the random-effects model presented in 

Table 3-6 confirms that, of the 13 associations, seven are highly heterogeneous 

(proportion of commercial use, distance to destination, availability of recreational 

facilities, land use mix, intersection density and road density). The remaining factors 

have a moderate level of heterogeneity (proportion of residential land use, residential 

location type, dead-end street, traffic volume and vehicular street width).  

Only four from eight significant factors identified present moderate 

heterogeneity (proportion of residential use, residential location type, dead-end streets, 

and vehicular street width). This means that most of the primary studies have reported 

a similar level of influence for these factors. Dead-end streets have the strongest 

positive association as well as a lower level of heterogeneity (I² <75%). In contrast, 
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vehicular street width variable has the strongest negative influence with a lower level 

of heterogeneity (I² <50%). The results of these two significant associations confirm 

that their results are certain and relatively homogenous across the studies.  

Despite having an overall significant negative association between land use mix 

and CIM, the association was found to be highly heterogeneous amongst the studies 

(I² =89%, P value= 0.000). The significant negative influence of distance to 

destination, intersection density and road density variables also appeared to have a 

higher level of heterogeneity with I² ranging from 81% to 83% (p<0.01). These high 

magnitudes of heterogeneity indicate the presence of genuine differences underlying 

the results of these studies.  

Factors that were identified with no significant effect, most of them possess a 

higher level of heterogeneity (I² =80%) (proportion of commercial land use, residential 

density and availability of recreational facilities). However, considering the level of 

heterogeneity existed with significant factors, the findings suggest that there is no 

direct connection between ES and heterogeneity.  

• Source of variation 

Table 3-6 shows the existence of a high level of heterogeneity (I² >= 75%) in 7 

BE-CIM relationships. The presence of a high level of heterogeneity in the seven 

associations implies the evidence of genuine differences among the primary studies. 

As a result, this research further investigates the plausible causes of this high level of 

heterogeneity. Figures 3-2 to 3-6 show the contextual and methodological differences 

in these factors.  

The contributing factors can be depicted from the figures. One of those is the 

presence of a high number of subgroups within a study as was evident by the 

differences between the number of studies and the number of entries used. For 

example, proportion of commercial land use consists of two studies with seven entries 

(Figure 3-2), distance to destination contains eight studies with 20 entries (Figure 3-

3), residential density involves three studies with 11 entries, land use mix is derived 

from three studies with nine entries, intersection density consists of four studies with 

ten entries, and road density was based on two studies with ten entries. A substantial 

difference exists among the entries. Some entries are based on the operational 

differences in terms of methods used to derive BE factors (e.g., in Figure 3-4: 1200m 
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buffer vs. 1600m BE buffer), some are based on the transport mode used for CIM (e.g., 

in Figure 3-4: walk vs. cycle), some are based on socio-economic differences (e.g., in 

Figure 3-6: boys vs. girls). A major variation also exists in terms of the indicators used 

to represent CIM. It appears that most of the BE-CIM relationships are represented 

with multiple measures of CIM, even the use of all four CIM indicators (CIM time, 

CIM range, CIM destination, and CIM licence) is not uncommon (Figure 3-5). In 

addition, the sample sizes used to assess the impact of BE on CIM in primary studies 

also vary considerably. For example, the sample sizes range from 109 to 1121 among 

the primary studies that used land use mix as a BE indicator (Figure 3-6). 

 

Figure 3-2: Subgroup and outcome variation for proportion of commercial land use 

 

Figure 3-3: Subgroup and outcome variation for distance to destination 
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Figure 3-4: Subgroup and outcome variation for residential density 

 

Figure 3-5: Subgroup and outcome variation for intersection density 

 

Figure 3-6: Subgroup variation for land use mix 
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• Publication bias 

The current review included both published and unpublished studies. Only five 

associations (distance to destination, availability of recreational facilities, residential 

density, intersection density and road density) in this study met the eligibility to apply 

the ‘Funnel Plot’ followed by Egger test as per discussion in Section 3.4.6. The visual 

interpretation of ‘Funnel Plots’ and the results from the Egger regression test together 

confirm that one association suffers from a high level of publication bias (availability 

of recreational facilities-CIM). The ‘Fail-Safe N’ test also confirmed this (Table 3-6). 

This test did not apply the traffic volume variable because it requires a minimum of 3 

studies to identify publication bias. However, the effect size of this variable was found 

to be non-significant, and as a result, the Fail-Safe N test has little relevance for this 

factor. In essence, a Fail-Safe N test indicates the number of additional publications 

required to bring the effect size down to not statistically significant. For example, 228, 

144 and 55 ‘null’ studies need to be located and included to the ESs of distance to 

destination, intersection density and road density factors respectively in order to 

combine two-tailed p-value to exceed 0.050. The findings from the ‘Fail-Safe N’ 

results indicate that most of the significant ESs are not affected by publication bias in 

this research because a large number (>20 in most cases) of additional studies are 

needed to nullify the results (Table 3-6). 

The level of heterogeneity also increased when results from different contexts 

were combined. Table 3-7 demonstrates that the heterogeneity levels of the 4 

comparable factors are lower in each context compared to their aggregated levels as 

shown in Table 3-6.  

3.6 CHAPTER SUMMARY  

CIM is considered a determining criterion of child-friendly BE. Researchers 

have made a substantial effort to identify the characteristics of the BE that affect CIM 

and thereby to inform city policy to promote CIM. However, their results vary 

substantially and together are too inconclusive to generalise, and thereby to provide to 

inform policy through consistent evidence. This study makes the first attempt to draw 

a generalised conclusion through a meta-analysis of the existing knowledge base. The 

analysis was conducted using primary studies reporting 13 BE-CIM links and 

published between 1980 and 2016. An overall effect size (ES), directions, and 
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consistency of each link were calculated, also stratified by contexts, using the reported 

results from the primary studies and based on a random effect model. The results show 

that four BE factors (dead-end street, proportion of residential land, proportion of 

commercial land, and residential location type) have a positive association with CIM; 

traffic volume has a neutral association; and the remaining eight factors (vehicular 

street width, road density, intersection density, major road proportion, land use mix, 

availability of recreational facilities, residential density, and distance to destination) 

have a negative association. Living in a dead-end street was found to have the strongest 

positive ES (0.352), p=.002 with a moderate level of consistency across the primary 

studies. In contrast, land use mix has the strongest negative ES (-0.212), p=.002 with 

the highest level of inconsistency. Both ESs and consistencies, however, vary between 

developing and developed country contexts. Diversity in contexts, research design and 

measurement instruments across the primary studies contributed to the heterogeneous 

results. The findings of this study serve as a guide for the research design, particularly 

the variable selection for the empirical part of this research. This chapter summarises 

and discusses only the impact of geographic BE on CIM. The next chapter identifies 

the topological attributes of BE that have a consistently strong relationship with CIM. 
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 Meta-analysis of the 

Relationships between Space 

Syntax Measures and 

Pedestrian Movement 

4.1 INTRODUCTION 

This chapter addresses the second and third objectives of the first research 

question of this research: “which of the BE factors are reported with a consistently 

strong correlation with CIM in literature?” as presented in Table 1-2 through a meta-

analytic literature review. The study reviews and identifies different topological 

indicators used in the space syntax literature to explain pedestrian movement (PM); 

synthesises their magnitudes, directions, and consistency; and identifies the potential 

of space syntax measures to influence CIM. This chapter focused on PM of adults and 

children to understand the impact of space syntax indicators due to a scarcity of studies 

using space-syntax measures to investigate CIM. The chapter suggests the potential of 

these indicators on CIM. Section 4.2 outlines the need for a meta-analytic review of 

the relationship between space syntax measures and PM and identifies the research 

objectives. Section 4.3 outlines the research design and methodology adopted to 

employ a meta-analysis including eligibility criteria of studies, search strategy and 

selection criteria, data extraction and coding, and data analysis strategy. Section 4.4 

presents descriptive and analytical results. Finally, Section 4.5 summarises the 

findings and concludes this chapter. 

4.2 THE NEED FOR A META-ANALYTIC REVIEW OF THE 

IMPACT OF SPACE SYNTAX MEASURE ON PM 

Research on the link between the built environment (BE) and pedestrian 

movement2 (PM) has been popularised recently for three reasons. First, PM increases 

physical activity and associated health benefits such as reduced diabetes, cholesterol, 

heart diseases and obesity (Frank, et al., 2003; Frank et al., 2006; Lee & Buchner, 

 

 
2 Both utilitarian and recreational walking at different spatial scales (neighbourhood, city) are referred 

to as PM in this research. 



 

78 Chapter 4: Meta-analysis of the Relationships between Space Syntax Measures and Pedestrian Movement 

2008; Menec, Brown, Newall, & Nowicki, 2016; Okura et al., 2016; Saelens & Handy, 

2008); and research has shown that the BE is a determinant of PM (Handy, Cao, & 

Mokhtarian, 2006; Kamruzzaman et al., 2016; Lamíquiz & López-Domínguez, 2015; 

Saelens & Handy, 2008; Sugiyama, Neuhaus, Cole, Giles-Corti, & Owen, 2012; 

Turner & Penn, 2002). Second, increasing PM reduces automobile use and thus 

enhances environmental sustainability (Frank, et al., 2006), traffic safety (Jacobsen, 

2003), as well as the overall vibrancy and quality of public realm (Appleyard, 1980). 

Third, the topic attracts research attention from multiple research disciplines (public 

health, urban planning, and psychology) due to its multiple policy benefits as outlined 

above. However, despite having a general understanding that the BE affects PM, which 

attributes of the BE affect how much PM remain inconclusive in the literature, which 

limits informing appropriate policy interventions. 

Ample research has been conducted investigating the built environment impacts 

on pedestrian movement (PM) (Handy, et al., 2006; Lamíquiz & López-Domínguez, 

2015; Saelens & Handy, 2008; Sugiyama, et al., 2012; Turner & Penn, 2002). A clear 

division is also evident in the literature on this topic: one group tends to use geographic 

(e.g. metric distance between an origin and destination, land uses) of the environment 

to explain pedestrian behaviour (Broberg, Salminen, et al., 2013; Cervero, 1996; Frank 

& Pivo, 1994; Kemperman & Timmermans, 2014; Li, Fisher, Brownson, & Bosworth, 

2005; Loebach & Gilliland, 2014; Villanueva, Giles-Corti, Bulsara, McCormack, et 

al., 2012; Villanueva, Giles-Corti, Bulsara, Timperio, et al., 2012). The other group 

attempts to explain pedestrian movement using more abstract topological/syntactic 

measures (e.g. visual distance between an origin and a destination) based on the space 

syntax concept (Griffiths, 2014; Hillier & Hanson, 1984; Koohsari, Kaczynski, et al., 

2013; Lamíquiz & López-Domínguez, 2015; Lerman, et al., 2014). Although the first 

group has published many review articles, relatively little/no research exists that 

investigates the magnitude, direction, and consistency of the reported results using the 

space syntax concept. The absence of review articles is in contrast with an increasing 

number of publications on this topic. In addition, recent studies applying both space 

syntax and geographic approaches reveal that space syntax measures (also referred to 

as topological measures) are equally or more important than geographic approaches in 

explaining the relationship between BE and PM (Helbich, et al., 2016). This chapter 
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aims to contribute to this gap in the literature through a meta-analysis of published and 

unpublished studies from 1975 to 2016 (primary studies) on this topic. 

The discussion in Section 2.4.5 identifies two levels of inconsistencies to infer 

the importance of space syntax measures on PM: a) inconsistencies in terms of the 

impact of different indicators; and b) inconsistencies in terms of the impact of a single 

indicator derived using different methods. These inconsistencies again have two 

different forms: a) impact direction with PM (positive vs. negative); and b) impact 

magnitudes. Despite decades-long exploration of space syntax measures and their 

connection with pedestrian behaviour, little/no efforts have been made to review the 

findings of existing studies in a systematic way. This research in particular aims to 

answer the following five research questions: a) What are the different measures used 

in the space syntax literature to explain PM; b) What are the magnitudes and directions 

of associations between space syntax measures and PM?; c) Which space syntax 

measure has a more consistent relationship with PM?; d) To what extent do the 

explanatory power of different measures vary based on their derivation method?; e) 

How the impacts of space syntax measures vary between developed and developing 

countries?, and f) What are the likely causes of variations of the reported results in 

prior studies? 

The objective of this meta-analytic review is: a) to review and identify different 

topological indicators as used in space syntax literature for explaining PM and to 

synthesise the magnitudes, directions, and consistency of these associations; and b) to 

identify the potential of space syntax indicators to influence CIM. It attempts to 

estimate the average impact of topological BE design on PM behaviour. To do so, this 

analysis first combines the effect size (ES) of the studies reporting an association of 

different topological measures and PM for generalizability, and then compare the 

average effect sizes across different measures to score their relative strengths and 

validity. This process has been applied twice; once for the major topological measures 

and the second time for the two topological measures based on methodological 

categories. The results also indicate the likelihood of CIM to be affected by space 

syntax measures. 
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4.3 RESEARCH DESIGN AND METHODS 

 Eligibility Criteria 

This research used seven criteria to assess the eligibility of reported results in 

primary studies that: i) applied at least one method to derive the indicators of the two: 

topological and angular; ii) reported an association between any topological indicators 

used in space syntax literature (e.g., integration) and PM based on regression model; 

iii) presented necessary statistical details to calculate Effect Size (ES). This may 

comprise of either sample size (n) and r/t/z/p value or odds ratios [OR] and 95% 

confidence intervals [CI]; iv) presented data on actual movement, not the prediction; 

v) reported pedestrian movement in terms of number or volume or density of 

pedestrians on roads; vi) provided enough information to calculate ‘n’ where required; 

vii) reported findings in English.  

 Search Strategy and Selection of Relevant Studies 

The meta-analysis was conducted according to the guidelines provided in 

‘Preferred reporting items for systematic review and meta-analysis: The PRISMA 

statement’ by (Moher, et al., 2009). Relevant primary studies for this research were 

identified using a five-step process as outlined below: First, comprehensive database 

searches within all major electronic databases including SAGE (n=162), Science 

Direct (n=128), Scopus (n=9), Tailor & Francis (n=322), JSTOR (n=44), Space Syntax 

Network (n=55), University library database (n=289). The search timeline was 

specified from January 1975 to present as the space syntax theory was developed in 

the late 1970s to early 1980s and the first article on this method was published in 1976 

in Environment and Planning Journal (Hillier, Leaman, Stansall, & Bedford, 1976). 

The following search strings were used: “space syntax” AND [pedestrian movement 

OR travel behavio?r OR pedestrian behavo?r OR active travel OR walkability], “space 

syntax” AND pedestrian AND neighbo?rhood, “space syntax” AND pedestrian AND 

land use. Second, a selective search on Space Syntax Symposium, UCL network for 

locating conference papers published so far (from 1997-2015). Third, theses and 

dissertations of masters and PhD on selected topic searches from the ‘ProQuest 

Dissertations and Theses Global’ database. Fourth, a manual search of available 

electronic personal files of authors of selected studies. Fifth, manual screening of 

reference lists of already identified articles in previous steps. 
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The results yielded 1194 primary studies from the above search strategies, 

including journal articles, book chapters, conference proceedings and were examined 

systematically, as outlined in Figure 4-1. The titles of primary studies were initially 

checked for duplication and relevance, which screened out 802 studies. The remaining 

studies were further screened based on the title, abstract and full text (where abstracts 

failed to provide necessary information), which resulted in 67 studies for further 

assessment. The full text of these studies was examined against the eligibility criteria 

as discussed in section 4.3.1. Thirty studies were excluded for not being fully aligned 

with this research topic and 23 studies were not included for insufficient or 

mismatched statistical details. Table 4-1 lists the 14 studies that satisfied all the criteria 

and were included for final review. These studies examined 130 separate relationships 

between the space syntax measures and PM based on the selected four measures (i.e., 

integration, connectivity, choice and control). However, the four measures as reported 

in these 130 relationships were derived using three operational approaches 

(topological, angular and metric). As a result, further analyses were conducted to 

investigate whether the derived ESs of the measures vary between the operational 

approaches. Although this review included only 14 primary studies for meta-analysis, 

Rosenthal and DiMatteo (2001) highlighted that a combination of only two studies in 

a meta-analysis provides a stronger ground of evidence than a single study. These 

studies assessed 87 separate relationships between space syntax measures and PM. 

They have included four topological indicators (i.e., integration, connectivity, choice 

and control) under two methodological approaches (i.e., topological and angular). 

Table 4-2 lists the excluded studies and the reason for their exclusion. 
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Figure 4-1: Flow diagram of the search process 
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 Table 4-1: Primary studies included in meta-analysis 
Sl Study  Publication 

type  

Study 

location/ 

Country 

Context 

Statistical model 

applied 

Sample size (no of pedestrian) Spatial 

model 

Dependent 

variable 

Space syntax 

measures used 

Derivation 

approaches of 

the measures 

1 (Baran, et 

al., 2008) 

Journal USA/ 

Developed 

correlation 

coefficient, 

Standard Error, 

Confidence 

Interval, 

significance 

364 Axial  Unitarian 

walking 

Trips 

Integration, 

Control 

Topological 

2 (Berhie & 

Haq, 2015) 

Conference 

proceeding 

USA/ 

Developed 

Correlation 

coefficient, t 

value and 95% 

CI 

Pittsburg= 30264, Lubbock=6192 Axial, 

Segment 

Walk to 

work 

Integration, 

Choice 

Topological, 

Angular 

3 (Dai & Yu, 

2013) 

Conference 

proceeding 

China/ 

Developing 

Squared of 

Person’s 

correlation 

coefficient (r)  

18500  Axial, 

Segment 

Pedestrian 

volume 

Integration, 

Choice 

Topological, 

Angular  

4 (Desyllas & 

Duxbury, 

2001) 

Conference 

proceeding  

England/ 

Developed 

Person’s 

correlation 

coefficient (r) 

Weekdays=3852, weekend= 4104  Axial Pedestrian 

flow 

(number)  

Integration, 

Connectivity 

Topological 

5 (Koohsari, et 

al., 2016) 

Journal Australia/ 

Developed 

Correlation 

coefficient, 

Confidence 

Interval, 

significance 

2544 Segment Frequency 

of walking 

for transport 

Integration Topological 

6 (Koohsari, 

Karakiewicz, 

et al., 2013) 

Journal Australia/ 

Developed 

Odd Ratio with 

Confidence 

Interval 

335 Axial Walking to 

POS 

Integration, 

Control 

Topological 

7 (Lee & Seo, 

2013) 

Conference 

proceeding 

South 

Korea/ 

Developed 

Person’s 

correlation 

coefficient (r),  

29773644 Axial Pedestrian 

volume 

Integration, 

Connectivity, 

Control, Depth,  

Topological 
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8 (Mansouri & 

Ujang, 2016) 

Journal Malaysia/ 

Developing 

Person’s 

correlation 

coefficient (r) 

Resident_zone 1, 2,3,4,5,6= 

1360,729,793,152,1154,1346, 

Tourist_ zone 1, 2,3,4,5,6= 

=18,8,19,72,82,139 

Axial Pedestrian 

volume 

Integration Topological 

9 (Omer, et al., 

2015) 

Journal Israel/ 

Developed 

Person’s 

correlation 

coefficient (r), 

Premodern=1120, Modern=595 Axial, 

Segment  

Pedestrian 

volume 

Integration, 

Choice 

Topological, 

Angular, 

Metric 

10 (Özer & 

Kubat, 2014) 

Journal Turkey/ 

Developed 

Person’s 

correlation 

coefficient (r), 

Bakirkoy, weekday=264144, 

weekend=323496, Kadikoy, 

weekday=430800, 

weekend=557664, Besiktas, 

weekday=201768, 

weekend=199920  

Segment Pedestrian 

movement 

Integration, 

Choice 

Angular  

11 (Pont & 

Marcus, 

2015) 

Conference 

proceeding  

Sweden/ 

Developed 

Moran’s I test 

correlation 

Normalm=5600, Sodermaim =2720, 

Sogdalen=720 

Segment Pedestrian 

movement 

Integration, 

Choice 

Topological, 

Angular, 

Metric 

12 (Wang, et 

al., 2012) 

Conference 

proceeding  

China/ 

Developing 

Person’s 

correlation 

coefficient (r) 

Tourist=30290, Local=20540 Segment Pedestrian 

density 

Integration, 

Choice, 

Connectivity, 

Intelligibility, 

Depth 

Topological, 

Angular, 

Metric 

13 (Whitney, 

2009) 

Thesis  Japan/ 

Developed 

 

Person’s 

correlation 

coefficient (r) 

673 Axial Pedestrian 

path choice 

Integration Topological 

14 (Wineman et 

al., 2014) 

Journal USA/ 

Developed 

Correlation 

coefficient, p-

value 

460 Axial  Walking for 

transport 

Integration, 

Connectivity 

Topological 
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Table 4-2: Reasons for the exclusion of some studies from space syntax measures-

PM meta-analysis during the final screening  
Sl Study Space Syntax 

measures 

Reason for exclusion 

1 (Can & Heath, 

2016) 

Integration, 

Connectivity 

Pedestrian movement is reported in 

combination with cycle movement, not 

separately.  

2 (Chen, Ni, Li, & 

DAI, 2012) 

Integration, Choice Sufficient data to calculate ES is missing (ex-

number of pedestrian/observation) 

3 (Choi & Koch, 

2015) 

Integration Sufficient data to calculate ES is missing 

4 (Cutumisu, et al., 

2012) 

Choice Full article is unavailable, and abstract 

doesn’t contain sufficient statistical 

information  

5 (Helbich, et al., 

2016) 

Integration, Choice, 

Roughness 

Walking is reported in combination with 

cycling to school, not separately. 

6 (Hillier & Iida, 

2005) 

Integration, Choice Sufficient data to calculate ES is missing (ex-

number of pedestrian/observation) 

7 (Hillier, et al., 

1993) 

Integration Sufficient data to calculate ES is missing 

8 (Jiang, 2009) Connectivity, 

Integration 

Results are published in different statistical 

format 

9 (Kubat, Ozer, & 

Ozbil, 2013) 

Connectivity Enough statistical information is missing 

10 (Kubat, Ertekin, 

Eyüboglu, & Özer, 

2005) 

Integration Statistical data is absent 

11 (Lamíquiz & 

López-Domínguez, 

2015) 

Integration, 

Connectivity 

Enough information regarding pedestrian 

movement is missing  

12 (Lerman, et al., 

2014) 

Integration, Choice, 

Intensity, Intensity, 

Connectivity, Step 

Depth 

Sufficient data (i.e., sample size) to calculate 

ES is missing  

13 (Özer & Kubat, 

2013) 

Integration Same results are published in another article 

which has been included in this research 

already 

14 (Ozer & Kubat, 

2007) 

Integration Integration isn’t reported in combination with 

other measures in multiple regression model.  

15 (Ozbil, et al., 

2016) 

Integration, Choice Space syntax measures were not explained as 

a single set, but combined with other 

parametric and non-parametric measures 

16 (Özbil & Peponis, 

2007) 

Integration Sufficient data to calculate ES is missing 

17 (Ozbil, Peponis, & 

Stone, 2011) 

Connectivity Pedestrian flow isn’t an independent measure 

18 (Peponis, et al., 

1997) 

Integration, 

Connectivity 

Same results are published in another article 

which has been included earlier   

19 (Peponis, et al., 

1996) 

Integration, 

Connectivity 

Sufficient data to calculate ES is missing (ex-

number of pedestrian/observation) 

20 (Read, 1999) Integration Sufficient data to calculate ES is missing (ex-

number of pedestrian/observation) + 

prediction 

21 (Schulz et al., 

2013) 

Integration, 

Connectivity 

Walking is reported in combination with 

other moderate to vigorous physical 

activities, not separately. 

22 (Van der 

Westhuizen, 2010) 

Integration, 

Connectivity 

Results are published in different statistical 

format 
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23 (Wang, 2009) Integration, Choice Full article is unavailable, and abstract 

doesn’t contain statistical information 

 Data Extraction and Coding 

This research used a systematic coding scheme in a standard form as outlined in 

Brown, Upchurch, and Acton (2003) to extract data from the selected primary studies. 

In addition to statistical data on the relationships between four space syntax measures 

and PM, this study also extracted contextual information in order to examine the 

sources of variations among the reported studies. The contextual data that were 

extracted for this study included sample characteristics (sample size and respondent’s 

age), type of geographic location (city and neighbourhood), economic context 

(developed or developing countries), publication year, and study design (i.e., cross-

sectional or longitudinal). This study also extracted and coded methodological data of 

the primary studies such as the scale of measurement (subjective and objective) for 

PM and space syntax properties, operational approaches (topological, angular and 

metric) and representation of street network types (axial and segment). For a few cases, 

this research estimated correlation coefficient based on the information available 

within the primary studies for completeness in coding. Similarly, the analytical sample 

sizes (number of pedestrians) were also calculated from available information for some 

selected primary studies (e.g., mean number of pedestrian/hr and total hrs surveyed in 

all gates/ total population and % of walking population/disaggregated pedestrian 

number passed through each gate in different zones). These data were collected from 

the sections where the studies explained their methods adopted to sample/calculate 

pedestrian movement/density/volume. For example, the sample size (n=50830) of the 

study by Wang, et al. (2012) was calculated using the reported mean value of local 

resident (158/hr) and tourist flow (233/hr) and the total hours of the survey (130 hrs) 

conducted in 231 gates. Note that this meta-analytic review did not differentiate studies 

based on the data format used to report PM (pedestrian volume, pedestrian density, the 

number of people on street). The intention was to capture the overall level of impact 

of space syntax measures on PM behaviour. 

 Data Analysis Strategy 

The results of the primary studies were classified according to their statistical 

results reported format. This research found that five types of results have been 

reported in the selected 14 primary studies that can be used to run a meta-analysis. 
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These included: a) Pearson’s and spearman’s correlational coefficient value ‘r’ in 

regression model which described the magnitude of correlation between topological 

measures and PM b) t statistics with sample sizes when regression models are 

estimated to describe a link; c) odds ratio (OR) with confidence interval (CI) to 

determine the odds of occurring a particular event when exposed to certain topological 

indicator; d) significance value of a relationship ‘p’, number or tail for p-value and the 

sample size; and e) z value of statistical significance and sample size. 

As the aim of this study is to derive an overall effect sizes (ES) of each of the 

topological indicator, the above five types of reported results were standardised into a 

common format, and each relationship was converted into a common ES measured by 

‘correlation (r) with 95% confidence interval (CI)’. Separate Equations were used to 

convert t statistics, z value and OR into a correlation ‘r’. Equation 4-1 and 4-2 were 

used to convert t statistics and z value into a correlation respectively: 

r= √(t²/ t²+df)       (4-1) 

where t is the reported value from the t-test, df is the degrees of freedom of the test  

r= √(z²/ n)       (4-2) 

where n is the sample size 

Equations 4-3 and 4-4 were used to convert the odds ratio (OR) into a correlation 

using a two-step procedure. First, the odds ratios were converted into mean difference 

(d) by using Equation 4-3. Second, the derived mean difference was again converted 

into a correlation value by using Equation 4-4. 

d= (√3/π) ln(OR)       (4-3) 

r= d/ √(d²+a)       (4-4) 

where d =standardized mean differences, a = correction factor for cases where  

n1 ≠ n2, [a= (n1+n2)²/n1n2], n = sample sizes 

The calculated individual ESs of all associations focusing on a particular 

topological indicator was then combined in order to derive an overall ES for that 

particular indicator. This study chose a random effect model for a weighted 

aggregation of individual ES over a fixed-effect model. The reason for choosing a 
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random model is discussed in Section 3.4.6. This research calculated an aggregated 

ESs for eight meta-analytic associations. 

• Diagnosis of heterogeneity and publication bias 

The aggregated ESs were screened to identify the heterogeneity and the potential 

influence of publication bias. A statistical test of heterogeneity was run to check 

whether any genuine differences or inconsistencies were underlying the results of the 

studies or the variations in findings are compatible with chance -i.e., they are 

essentially homogenous in nature. Heterogeneity has been measured by I², which 

indicates the likelihood of the total variation due to inconsistencies in studies rather 

than compatibility. Prior research has indicated that the value of I² <25% is considered 

as low heterogeneity; between 25% and 75% are considered as moderate 

heterogeneity; and ˃ 75% indicates high heterogeneity exists in a result (Higgins, et al., 

2003). To check the publication bias in aggregated ESs, the ‘Fail-Safe N’ test was run. 

The ‘Fail-Safe N’ test identifies the number of non-significant studies required to 

nullify a significant result (Rosenthal, 1979). 

4.4 META-ANALYSIS RESULTS OF SPACE SYNTAX 

INDICATORS-PM RELATION 

 Contextual Description of the Primary Studies  

Table 4-3 presents the contextual classification of the included primary studies. 

All of the included studies are cross-sectional. Although this research found that some 

studies presented longitudinal changes of topological indicators, these are used to 

describe the evolutionary nature of cities rather than making a connection between 

changes in topological indicator and changes in PM (Chen, et al., 2012). In fact, the 

analysis of the relationship between topological indicator and PM is a recent trend 

(Figure 4-2). Among the primary studies, about 93% have been published after 2006, 

and 79% have been published in last six years (100% studies in developing country, 

72% studies in developed country). This also signifies that this research topic is 

contemporary, perhaps due to recent policy thrust to achieve a range of policy co-

benefits through increasing PM (e.g., to reduce obesity). 
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Table 4-3: Coded characteristics of primary studies on space syntax measures- PM 

Characteristics  n (%) Study source 

Study design 

Cross sectional 14 

(100) 

(Desyllas & Duxbury, 2001; Lee & Seo, 2013; Mansouri & Ujang, 2016; Omer, et al., 2015; Özer & Kubat, 2014; 

Pont & Marcus, 2015; Wang, et al., 2012) (Baran, et al., 2008; Berhie & Haq, 2015; Dai & Yu, 2013; Koohsari, 

Karakiewicz, et al., 2013; Koohsari, et al., 2016; Omer, et al., 2015; Whitney, 2009; Wineman, et al., 2014) 

Publication Year 

1983-2005 1(7) (Desyllas & Duxbury, 2001) 

2006-2010 2(14) (Baran, et al., 2008; Whitney, 2009) 

2011-2016 11 

(79) 

(Berhie & Haq, 2015; Dai & Yu, 2013; Koohsari, Karakiewicz, et al., 2013; Koohsari, et al., 2016; Lee & Seo, 2013; 

Mansouri & Ujang, 2016; Omer, et al., 2015; Özer & Kubat, 2014; Pont & Marcus, 2015; Wang, et al., 2012; 

Whitney, 2009; Wineman, et al., 2014) 

Sample size 

<500 3(21) (Baran, et al., 2008; Koohsari, Karakiewicz, et al., 2013; Wineman, et al., 2014) 

501-5000 3(21) (Koohsari, et al., 2016; Omer, et al., 2015; Whitney, 2009) 

5001-20000 4(29) (Dai & Yu, 2013; Desyllas & Duxbury, 2001; Mansouri & Ujang, 2016; Pont & Marcus, 2015) 

20001-200000 2(14) (Berhie & Haq, 2015; Wang, et al., 2012) 

˃200000 2(14) (Lee & Seo, 2013; Özer & Kubat, 2014) 

Sample Type 

Adult (˃18 years) 7(50) (Baran, et al., 2008; Berhie & Haq, 2015; Koohsari, Karakiewicz, et al., 2013; Koohsari, et al., 2016; Pont & Marcus, 

2015; Whitney, 2009; Wineman, et al., 2014) 

Not specified 6(43) (Desyllas & Duxbury, 2001; Lee & Seo, 2013; Mansouri & Ujang, 2016; Omer, et al., 2015; Özer & Kubat, 2014; 

Wang, et al., 2012) 

Both Children and Adult 1(7) (Dai & Yu, 2013) 

Region of sample 

Europe 3 (20) (Desyllas & Duxbury, 2001; Özer & Kubat, 2014; Pont & Marcus, 2015) 

North America 3(20) (Baran, et al., 2008; Berhie & Haq, 2015; Wineman, et al., 2014) 

Asia 7(47) (Dai & Yu, 2013; Lee & Seo, 2013; Mansouri & Ujang, 2016; Omer, et al., 2015; Özer & Kubat, 2014; Wang, et al., 

2012; Whitney, 2009) 

Australia 2(13) (Koohsari, Karakiewicz, et al., 2013; Koohsari, et al., 2016) 

Geographic Location 

City 6(43) (Desyllas & Duxbury, 2001; Lee & Seo, 2013; Mansouri & Ujang, 2016; Özer & Kubat, 2014; Pont & Marcus, 

2015; Wang, et al., 2012) 
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Neighbourhood/ Town 8(57) (Baran, et al., 2008; Berhie & Haq, 2015; Dai & Yu, 2013; Koohsari, Karakiewicz, et al., 2013; Koohsari, et al., 

2016; Omer, et al., 2015; Whitney, 2009; Wineman, et al., 2014) 

 Movement type 

Utilitarian 1(7) (Berhie & Haq, 2015) 

Recreational 3(21) (Koohsari, Karakiewicz, et al., 2013; Mansouri & Ujang, 2016; Wang, et al., 2012) 

Utilitarian+ Recreational 6(43) (Baran, et al., 2008; Dai & Yu, 2013; Koohsari, et al., 2016; Özer & Kubat, 2014; Whitney, 2009; Wineman, et al., 

2014) 

Utilitarian+ Recreational+ Pass through 4(29) (Desyllas & Duxbury, 2001; Lee & Seo, 2013; Omer, et al., 2015; Pont & Marcus, 2015) 

Pedestrian movement measurement 

Objective* 9(64) (Dai & Yu, 2013; Desyllas & Duxbury, 2001; Lee & Seo, 2013; Mansouri & Ujang, 2016; Omer, et al., 2015; Özer 

& Kubat, 2014; Pont & Marcus, 2015; Wang, et al., 2012; Whitney, 2009) 

Subjective 4(29) (Baran, et al., 2008; Koohsari, Karakiewicz, et al., 2013; Koohsari, et al., 2016; Wineman, et al., 2014) 

Not mentioned 1(7) (Berhie & Haq, 2015) 

Pedestrian movement variables 

Number of pedestrians on specific road 

segment 

1(7) (Pont & Marcus, 2015) 

Number of pedestrians on study area 5(36) (Dai & Yu, 2013; Desyllas & Duxbury, 2001; Mansouri & Ujang, 2016; Özer & Kubat, 2014; Whitney, 2009) 

Number of trips 1(7) (Baran, et al., 2008) 

Pedestrian volume 2(14) (Lee & Seo, 2013; Omer, et al., 2015) 

Pedestrian density 1(7) (Wang, et al., 2012) 

Frequency and duration of movement 4(29) (Berhie & Haq, 2015; Koohsari, Karakiewicz, et al., 2013; Koohsari, et al., 2016; Wineman, et al., 2014) 

Built environment measurement 

Objective 13 

(93) 

(Dai & Yu, 2013; Wineman, et al., 2014); (Berhie & Haq, 2015; Desyllas & Duxbury, 2001; Helbich, et al., 2016; 

Koohsari, Karakiewicz, et al., 2013; Koohsari, et al., 2016; Lee & Seo, 2013; Mansouri & Ujang, 2016; Omer, et al., 

2015; Özer & Kubat, 2014; Pont & Marcus, 2015; Wang, et al., 2012) 

Combined (Objective+ Subjective) 1(7) (Baran, et al., 2008) 

Space syntax measures  

Integration 13 

(52) 

(Baran, et al., 2008; Berhie & Haq, 2015; Dai & Yu, 2013; Desyllas & Duxbury, 2001; Koohsari, Karakiewicz, et al., 

2013; Koohsari, Sugiyama, Lamb, Villanueva, & Owen, 2014; Lee & Seo, 2013; Mansouri & Ujang, 2016; Omer, et 

al., 2015; Özer & Kubat, 2014; Pont & Marcus, 2015; Wang, et al., 2012; Whitney, 2009; Wineman, et al., 2014) 

Connectivity 3(12) (Desyllas & Duxbury, 2001; Lee & Seo, 2013; Wineman, et al., 2014) 

Control 3(12) (Baran, et al., 2008; Koohsari, Karakiewicz, et al., 2013; Lee & Seo, 2013) 

Choice 6(24) (Berhie & Haq, 2015; Dai & Yu, 2013; Omer, et al., 2015; Özer & Kubat, 2014; Pont & Marcus, 2015; Wang, et al., 

2012) 
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Figure 4-2: Analysis of publication time   

                

Figure 4-3: Analysis of sample size  

• Sample character analysis  

Figure 4-3 shows the analytical sample sizes (number of pedestrians observed to 

collect PM data) used in the primary studies. A substantial number of studies (21%) 

collected data from less than 500 participants. A similar proportion of studies collected 

data from samples ranges between 500 and 5000. The rest of the studies used very 

large sample sizes, ranging from 5000 to over 200000. However, the characteristic of 

the sample is adult nominated (50%). The sample characteristics are not specified in 

43% of the primary studies. However, based on the peripheral information presented 

in these studies (observation time and location), these studies have more likely used 

data representing the adult age group (Figure 4-4).  
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Figure 4-4: Analysis of sample (respondent) age      

• Location and context of the study 

Figure 4-5 shows that a majority of studies have been conducted in the context 

of a developed country (a combination of Europe, America, and Australia). However, 

in terms of continental classification of empirical settings, most studies were generated 

from Asia (47%), Europe (20%), North America (20%) and Australia (13%). 

Interestingly, the origin of primary studies was found to be highly clustered in a few 

countries within a continent repetition of the same country (e.g., China in Asia). This 

finding indicates that the influence of space syntax indicators on PM has not been 

widely validated externally. The scale of analysis was found to be almost equally 

distributed between neighbourhood (56%), and city/town (44%). All the primary 

studies that generated from the American and Australian context were found to be 

conducted only at the neighbourhood scale (Figure 4-5). A classification of PM in 

terms of purpose shows that a majority of studies examined both utilitarian and 

recreation walking (43%) together. 29% of the studies analysed utilitarian walking, 

recreation walking and pass through an area jointly. 
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Figure 4-5: Analysis of research context 

• Indicators of pedestrian movement 

Various indicators have been used to represent PM within the primary studies 

(Figure 4-6). About 41% of the studies used the number of pedestrians in a study-area 

or study street as an indicator of PM. The frequency of pedestrian trip is another 

frequently used indicator (29%). However, most of the studies adopted an objective 

approach to measure PM (64%) (Table 4-3). The use of ‘gate count’ method (50%) 

was found to be very popular compared with other methods (observation point and 

GPS). ‘Gate count’ is a method used in space syntax literature where the gate is defined 

as a conceptual line across a street for counting pedestrian flow in any study-area over 

a certain period of time in a day (Grajewski & Vaughan, 2001).  

Figure 4-6: Analysis of the measurement unit of pedestrian movement 
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• Frequency of the use of different space syntax indicators 

As outlined previously, this study investigated four indicators of space syntax 

measures (i.e., integration, choice, connectivity, and control) based on the selected 14 

primary studies. Note also that these 14 studies applied a single indicator in various 

ways, for example, integration was used to assess link with destination walking and to 

link with recreational walking. Similarly, studies have used an indicator to compare 

between cities or to compare between derivation methods (topological vs. angular). In 

addition, this research found that researchers derived an indicator at multiple spatial 

scales (e.g., within a 500m radius of a point vs. within a 1000m radius of that point) – 

particularly when integration and choice indicators have been investigated. In these 

cases, the largest and smallest radii were respectively considered as global and local 

measures. As a result, one indicator was incorporated multiple times (referred to as an 

entry in this research) from a primary study if necessary. This inclusion resulted in an 

investigation of 130 entries in total. The inclusion of multiple entries thus overcame 

the weakness of a limited number of primary studies to draw inferences in this 

research.  

Among the primary studies, connectivity and control measures were found to be 

used less frequently (collectively 24% of the total studies). The most widely studied 

measure was found to be integration (n=11, 53% of the studies) followed by choice 

(n=5, 24% of the studies) (Figure 4-7). Figure 4-8 shows that both angular and 

topological approaches have been used almost equally in the literature to explain PM 

with only 10% of the entries used metric approach. Integration measure was found to 

be derived mostly using the topological approach (41%). In contrast, choice measure 

was derived mainly by applying the angular approach (34%) (Figure 4-8).  
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Figure 4-7: Analysis of the frequency of indicators used 

       

Figure 4-8: Analysis of topological methods   
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 Analytical Results of Space Syntax-PM Associations 

Tables 4-4 and 4-5 summarise the overall meta-analysis results of the four space 

syntax indicators and their derivation methods. They display an overview of ESs 

measured by correlation (r) with a 95% confidence interval, heterogeneity statistics, 

and publication bias test results. According to commonly applied guidelines, a value 

of ES equal to ±0.10, ± 0.30 and ± 0.50 represents small, medium and large ESs 

respectively (Card, 2015). The results of ES were compared and discussed in two 

steps: first, the overall significance of the individual association of each topological 

indicator with PM are analysed to identify the most influential indicator; and second, 

given that most studies used integration and choice indicators, the ES of these two 

indicators are further analysed based on their derivation methods (e.g., topological and 

angular). The significance is discussed in terms of the direction and strength of 

associations. At first, prime topological measures were compared. In the next step, two 

methodological approaches of two prime topological measures were compared to 

check the consistency of the result at an earlier step and to identify the significance of 

each method. The derived ESs presented in Table 4-4 were further categorized based 

on economic contexts (developing vs. developed country) in order to understand 

whether the relationships change between different contexts (Table 4-6). 

• Overall direction and Strength of topological association  

Table 4-4 displays that the topological measures have both positive and negative 

association with PM. Three of the four indicators (integration, connectivity, and 

choice) were found to have a positive association, while control possesses a negative 

association with PM. The associations of integration and choice stand against null 

hypothesis “no effect of the intervention” and show statistically significant result at 

0.05 level.  

In terms of strength of the association, three of the four associations fall under 

moderate to large ES range (integration, connectivity, and choice) and all of them have 

positive associations. The only negative association that control measure possesses is 

weak in nature and statistically insignificant. Among the associations, choice measure 

has the strongest positive relationship with an ES of 0.481 (p=0.000), which proves 

that people tend to choose the visually shortest path between any pairs of two streets 

to the destination. Although, connectivity was found to have a larger effect (ES=0.305, 

p=0.257), however, this is not statistically significant perhaps due to a limited number 
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of entries. This is also true for the control measure. After choice, integration possesses 

a moderate positive effect sizes (ES=0.206, p=0.000) with statistical significance.  

• Direction and strength of topological indicators based on derivation 

methods 

The previous section identified that both integration and choice have a moderate 

effect size with statistical significance. This section explores whether the ESs of these 

measures vary between the three operational approaches (topological, angular and 

metric) (Table 4-5). Note that the ESs of metric integration and metric choice were 

calculated from multiple entries of a single study. Therefore, these results should not 

be comparable because they fail to meet the minimum requirement of at least two 

studies to draw a generalized conclusion. As a result, they are not discussed further in 

this research. Table 4-5 depicts that except for topological integration, all three the 

remaining measures have a moderate to high ES. The significance of integration and 

choice measures in both operational approaches are consistent and slightly different 

from the overall result found in the earlier section. Although the overall impact of the 

choice measure was found to be stronger than integration with a moderate ES, a 

stratification based on their operational approaches shows that this is only true in the 

case of topological choice. Clearly, angular integration measure has the strongest ES 

(ES = 0.502, p=0.000) among the four measures, but, when this was combined with 

topological integration, the overall effect was reduced. The effect of topological 

integration was found to be minimal (ES=0.124, p=.000). 

• Direction and strength of topological indicators based on contextual 

variation 

A comparison of ESs between developed and developing countries in Table 4-6 

portrays that all of the results of choice and integration measures possess a low to 

moderate ES with high statistical significance. The strength and significance of choice 

in both contexts are consistent and correspond to the overall result found in earlier 

Sections. The ES is stronger in developed country contexts for choice (ES=0.491, 

p=0.000). In contrast, integration (ES=0.196, p=0.000) was found to have a stronger 

effect in developing context than in developed countries. However, the difference of 

ES between countries for integration measure is lower than that for choice. 
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• Variation in associations 

The heterogeneity statistics based on the random effect models in Table 4-4, 

Table 4-5 and Table 4-6 confirm that all of the associations are highly heterogeneous 

with a value of I² ˃75%. The significance of the findings clearly indicates that there 

are genuine variations among the primary studies. As a result, this study further 

investigates the conceivable causes of this high level of heterogeneity based on the 

contextual information presented in Section 4.4.1. Figures 4-9 to 4-11, for example, 

show the methodological (e.g., data collection) variations among the primary studies 

when choice, topological integration, and connectivity indicators were used.  

The first factor that can be extracted from Figure 4-9 is potentially contributing 

to these variations in the presence of a large bracket in sample size across the studies. 

It ranges from 364 to 29773644. Though random-effect model distributes weight in a 

more balanced way compared to fixed-effect model to reduce the power of studies with 

large sample size while increasing the importance of studies with low sample size, 

there still remains a large variety of sample size effects (weights). These variations can 

skew the results when the results from individual studies are aggregated based on 

weighted aggregation method. In addition, two methods were identified for PM data 

collection: participatory and observational. Studies involving participatory method 

collected movement data using either, subjective (ex. questionnaire, interview) or 

objective approaches. These studies were reliant on small sample sizes are generally 

less than 1000 and also were restricted at smaller spatial scale to generate space syntax 

indicators (Helbich, et al., 2016). The other type of studies aimed to capture PM pattern 

in a larger context based on observational data (e.g., count data). The sample sizes in 

these types of studies are quite large (Özer & Kubat, 2014). 

Another factor that potentially contributed to high heterogeneity in results is the 

consideration of a large number of subgroups within a single indicator. For example, 

integration indicator was derived based on 14 studies with 52 entries. These studies 

used different destination types (e.g., in Figure 4-10: utilitarian vs recreational), 

different formats of input maps (axial, segment) to derive space syntax measures 

(Figure 4-11), and different outcome measures (pedestrian volume, pedestrian density) 

(Figure 4-11). It also appears that there is a lack of consistency among the studies in 

terms of quantification of pedestrian flow rate. 
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Table 4-4: Meta-analysis results of space syntax (topological) measures 

 

 

Table 4-5: Meta-analysis results of the method of measurement 

 

 

BE Variable Effect size (ES) and 95% interval  Heterogeneity statistics Publicatio

n bias 

n 

(study) 

n 

(entry) 

point 

estimate 

lower 

limit 

upper 

limit 

Z 

value 

p-

value 

Q value df 

(Q) 

p-

value 

I 

squared 

Fail-Safe N 

Integration 14 71 0.206 0.173 0.238 12.001 0.000 651317.322 70 0.000 99.989 5542670 

Connectivity 3 3 0.305 -0.225 0.696 1.135 0.257 2165.694 2 0.000 99.908 1645 

Control 3 3 -0.001 -0.117 0.115 -0.013 0.990 21.276 2 0.000 90.600 4 

Choice 6 53 0.481 0.391 0.391 9.263 0.000 342088.733 52 0.000 99.985 4920644 

BE Variable Effect size (ES) and 95% interval  Heterogeneity statistics Publicatio

n bias 

n 

(study) 

n 

(entry) 

point 

estimate 

lower 

limit 

upper 

limit 

Z 

value 

p-

value 

Q value df 

(Q) 

p-

value 

I 

squared 

Fail-Safe N 

Topological 

integration 

11 51 0.124 0.101 0.147 10.492 0.000 171092.983 50 0.000 99.971 1065061 

Angular integration 4 16 0.502 0.413 0.582 9.584 0.000 97215.401 15 0.000 99.985 1758832 

Metric integration 1 4 -0.069 -0.626 0.534 -0.203 0.839 1144.158 3 0.000 99.738 12 

Topological choice  3 7 0.374 0.159 0.555 3.310 0.001 3042.451 6 0.000 99.803 8824 

Angular choice  5 42 0.493 0.394 0.581 8.532 0.000 331074.379 41 0.000 99.988 4443580 

Metric choice 1 4 0.586 0.512 0.651 12.400 0.000 28.959 3 0.000 89.64 1615 
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Table 4-6: Meta-analysis results of space syntax (topological) measures based on contextual differences 

BE Variable Developed country Developing country 

Effect Size (ES) and 95% interval  Heterog

eneity 

statistics 

Publicat

ion bias 

Effect Size and 95% interval  Heteroge

neity 

statistics 

Publica

tion 

bias 

n 

(study

/ 

entry) 

point 

estima

te 

lower 

limit 

uppe

r 

limit 

p-

value 

I 

squared 

at 

P=0.000 

Fail-

Safe N 

n 

(study

/ 

entry) 

point 

estim

ate 

lower 

limit 

upper 

limit 

p-

value 

I squared 

at 

P=0.000 

Fail-

Safe N 

Choice 4/43 0.491 0.387 0.583 0.000 99.987 3324572 2/10 0.434 0.362 0.501 0.000 99.799 129994 

Integration 11/51 0.196 0.160 0.232 0.000 99.992 3876751 3/20 0.217 0.102 0.327 0.000 99.862 148470 

Connectivity 3/3 0.305 -0.226 0.697 0.257 99.908 1645 x x x x x x x 

Control 3/3 -0.001 -0.116 0.114 0.986 90.600 4 x x x x x x x 
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Figure 4-9: Subgroup variation for choice 
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Figure 4-10: Subgroup variation for topological integration 

 

Figure 4-11: Subgroup variation for connectivity 
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• Publication bias 

The study applied the Fail-Safe N test to examine whether the meta-analysis 

results are subject to publication bias, i.e., whether the results suffer from a lack of 

publications. The test results are displayed in Tables 4-4, 4-5 and 4-6. The Fail-Safe N 

test indicates the number of additional non-significant studies required to bring the 

effect size down to statistically insignificant results. The findings from the Fail-Safe 

N results indicate that except for control indicator, all other significant ESs are not 

affected by publication bias in this study because a large number (>1500, in most 

cases) of additional studies are needed to nullify the results. In other words, we need 

to locate and include more than 1500 ‘null’ studies to most of the ESs in order to 

combine 2-tailed p-value to exceed 0.050. 

4.5 CHAPTER SUMMARY  

Ample research has been conducted investigating the BE impacts on PM. A clear 

division is evident in the literature on this topic: one group tends to use geographic 

measures (metric distance) of the environment to explain pedestrian behaviour; the 

other group uses topological measures (visual distance). Many review articles have 

been published on the former. However, relatively little is known about the effect size, 

directions, and consistency of topological measures in explaining PM. This chapter 

fills this gap through a meta-analysis of published studies on this topic. Four measures 

(integration, connectivity, choice, and control) were studied in a random effect model, 

also stratified based on their operational approaches (topological, angular and metric). 

Results show that integration, choice, and connectivity measures positively influence 

PM with choice being the strongest significant predictor and control being an 

insignificant predictor. The choice and integration measures show stronger effects 

when derived using the angular approach. However, the reported results of all 

measures are highly heterogeneous, perhaps due to the differences in research design. 

The significance, magnitude, and consistency of integration and choice measures 

justify their relevance in built environment interventions to promote PM. 

This study focused on PM behaviour of both adults and children due to a scarcity 

of research on the relationship between space syntax indicators and CIM. Since it is 

revealed that space syntax measures consistently impact the active travel behaviour of 

both children and adults, there is a possibility that these variables will impact CIM as 



 

104 Chapter 4: Meta-analysis of the Relationships between Space Syntax Measures and Pedestrian Movement 

well, and need to be tested for CIM. The finding serves the research design of the 

empirical part of this research which will be discussed in Chapter 5.  
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 Research Design and 

Methodology 

5.1 INTRODUCTION 

This chapter outlines the methodology applied in this research to address the 

second and third research questions and corresponding research objectives. The 

methodology of this research is comprised of two distinct parts: meta-analyses of 

existing literature for a systematic review of the BE indicators to identify their 

suitability; and empirical research to test the validity of the identified indicators along 

with other BE indicators and assess their impacts on various measures of CIM. The 

first research question was answered through two meta-analyses of the existing 

literature, and the results are presented in chapter 3 and 4. This chapter describes the 

research design adopted mainly for the empirical part of the research to answer 

research question 2 -“how do topological and geographic features of the BE affect 

CIM and how they differ between discretionary and nondiscretionary trips?” and 

research question 3- “how does the BE affect children’s independent route choice 

behaviour?” 

The chapter starts with a visual illustration of research process in Section 5.2. 

Section 5.3 highlights the selection of survey context. The sampling strategy, including 

the determination of sample size, sample age and sampling method, has been 

illustrated in Section 5.4. Section 5.5 outlines the identification of the required data 

including determining the indicators, the selection of survey instruments and the 

process of data collection to answer all of the research questions. The next section 

presents the analysing methods of all of the collected data through literature and 

empirical survey. The last section concludes the chapter and summarises the findings.   
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5.2 RESEARCH PROCESS 

The flow chart below summarises the research process adopted for this research. 

 

 

 

Figure 5-1: Research process  
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5.3 SELECTION OF SURVEY AREA 

This research focuses on developing country because the literature review 

demonstrates that there is a high level of scarcity in CIM researches in the context of 

developing nations compared to developed nations. However, the lack of evidence 

base often leads built environment professionals of developing countries to rely on the 

findings from developed countries. This practice raises the question of the validity and 

appropriateness of their applications because contextual variations with different 

factors, e.g., degree of urbanization, density, and design solution have been evident to 

impact CIM differently (Kytta, 2004).  

As a representative of a developing country context, this research collects data 

from Dhaka. The capital of Bangladesh was chosen as a case study for several reasons 

(Figure 5-2). First, Dhaka is a city with a high population and unparalleled urban 

density and population growth. With the highest annual growth rate of 3.8% of the 

population, it will become the 4th most populated one before the year 2025 by 

accommodating an urban population of 22 million (BBS, 2011; United-Nations, 2008). 

This city possesses a unique setting for the research of CIM because over urbanization 

as well as population density has been identified as an important factor for limited CIM 

all over the world, which needs to be explored more for better understanding (Karsten 

& van Vliet, 2006; Lopes, et al., 2014) (Figure 5-3). Second, the literature on BE-CIM 

has shown that only limited research explored Asian context provides the need to 

choose an Asian city (e.g., Dhaka) for a better comparison of CIM. Third, earlier 

research on children outdoor behaviour revealed that 30% of urban children of Dhaka 

aged between 9-14 years old never go out of the house without adult supervision, of 

one-third of them, daily free outdoor time is less than even a minute (Islam, et al., 

2014). Although the World Health Organisation (WHO, 2010) has recommended at 

least 60 min of daily physical activity for 5 to 17 years old children, children in Dhaka 

are spending less than half of required daily (Islam, et al., 2014). These findings also 

reflect the concern about urban children in contemporary cities expressed by (Kyttä, 

2004). Fourth, the empirical evidence can guide policymakers of Bangladesh about 

the emergence need of formulating children orientated policies to ensure their right 

and overall development. 
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Figure 5-2: Dhaka city map (Right), Source: Capital Development Authority of 

Bangladesh website 

  

Dhaka City Map 



  

Chapter 5: Research Design and Methodology 109 

Figure 5-3: land use change in Dhaka (1989-2019) 

Top Left  : 1989 
Top Right  : 1999 
Bottom Left : 2009 
Bottom Right : 2019 (projected)  
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5.4 SAMPLING STRATEGY 

 Determination of Sample Age and Unit 

This study included children from the early adolescent period (10 to 14 years). 

This age group was chosen because middle childhood is the time when parents permit 

more freedom to their children for roaming around their local environment (Hillman, 

et al., 1990). After the age of 10 years, children gain the cognitive (attention focus, 

interpreting traffic signs) and perceptual (tracing sounds, judging speed and peripheral 

vision) abilities which required to negotiate with complex traffic(Cross et al., 2000) 

and environmental situation (Prezza, et al., 2001). Another reason for choosing this 

age group is, from existing literature, very little is understood about this age group’s 

CIM behaviour compared to middle childhood (approx. 9-12 years) despite the point 

that urbanization is leading to an increase in children’s mean age CIM raised by Lopes, 

et al. (2014). 

The study sample unit consists of one child and one parent. Parents were 

included to obtain information about the socio-demographic status of themselves, the 

selected child and the family. 

 Determination of Sample Size 

This research required children’s independent movement-related data to reach 

the research objectives. For that, the sample size was determined for this research to 

collect independent travel-related data of children by using the following equation 

proposed by (Bonsall, 1997). 

n= (Z² x CV²)/E²               (5-1) 

Where, n= sample size, Z= standard normal variable which is 1.96 for 95% 

confidence interval, E= standard error of the population mean which is chosen as 10%, 

CV=coefficient of variation calculated as CV= Standard Deviation (SD)/ Mean. 

Based on the above equation and using the data reported in Monsur (2011), the 

sample size was derived as 167. Monsur (2011) has shown that children aged 7-11 

years from Dhaka, Bangladesh spend 85.79 minutes outdoor independently (Standard 

deviation =57.36). 

n= (1.96² x .66²)/0.1²= 167, where, CV=57.363/ 85.79=.66  (5-2) 



  

Chapter 5: Research Design and Methodology 111 

 Sampling Method 

5.4.3.1 Random sampling of school 

The sampling strategy of this study followed two steps: random sampling of 

school and random sampling of a child. The random sampling method ensures the 

chance of every child to be selected equally. As there is no particular database for the 

selected group of children from where random selection can be made, this study seeks 

an alternative approach to do that. At first, random sampling of schools was done from 

a list of all schools in Dhaka retrieved from the website of Bangladesh Bureau of 

Educational Information and Statistics which contains a list of 793 institutions. After 

the exclusion of English medium schools (as their list is incomplete yet), the boarding 

schools (e.g., madrasah) and the schools located outside of Dhaka metropolitan area, 

the number of schools in Dhaka metropolitan area was 494 from where the random 

selection was conducted. Since the Bangladesh Bureau of Educational Information and 

Statistics list has complete information about public schools only, initially, four public 

schools were selected randomly to access children based on clustered random 

sampling method. These four schools were located in Azimpur, Magbazar, Manikdi 

and Uttara neighbourhoods  

Azimpur, Magbazar, Manikdi and Uttara belong to four city districts (Thana) of 

Dhaka Metropolitan City named respectively Lalbag Thana (92547 people/km²), 

Ranma Thana (46068/km²), Cantonment Thana (11393/km²) and Uttara Thana 

(11295/km²) (Banglapedia, 2014). Each Thana consists of several neighbourhoods. 

Although sufficient literature/data is not available at neighbourhood scale, the Thana 

based information gives a rough idea about the comparative demographic profile and 

BE environment of the selected case studies. It is generally known that Uttara is a 

planned and comparatively newer area that has predominantly grid-iron pattern street, 

Madhubag and Manikdi have predominantly organic street pattern and Azimpur has a 

mixture of both. Geographically, Azimpur is located in the old historic part of the city, 

Madhubag has a large water body in the study boundary and Mankdi is characterised 

by underdeveloped with a large number of low land areas. The building density within 

the selected buffer is highest in Azimpur (31.2%) followed by Uttara (20%), Manikdi 

(9.4%) and Madhubag (0.35%) (Figure 5-4). On the other hand, the road density of 

Azimpur, Magbazar, Manikdi and Uttara is 17.2%, 2.1%, 1% and 1.9% respectively 
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(Source: Capital Development Authority of Bangladesh). Azimpur, Magbazar, 

Manikdi and Uttara is referred to as study-area 1, 2, 3 and 4 respectively in this study. 

From these areas, eight private schools were selected randomly, two from each 

area. A larger number of private schools were selected because according to 

Bangladesh Bureau of Educational Information and Statistics, the number of private 

schools is many folds bigger than of public schools in Dhaka. For example, there are 

roughly 432 secondary private schools in Dhaka in comparison to 24 secondary public 

schools. Children who do not attend school was excluded from this research. Figure 5-

4 shows the location of study-areas and participant schools. The school-based 

sampling strategy has been widely applied in CIM research worldwide (Islam, 2008; 

Loebach & Gilliland, 2014; Villanueva, Giles-Corti, Bulsara, Timperio, et al., 2012). 

Figure 5-4: Location of study-areas and participant schools 

Surveyed Schools 

Study Area 4: Uttara 
School:  Uttara High School and 

School 
Stamford School and 

College 
Carnival Public School 

  
Study Area 3: Manikdi 
School:  Radiant International 

School 
BAF Shaheen College 

Study Area 2: Madhubag 
School:  BTCL Ideal School and       

College 

Study Area 1: Azimpur 
School:   Rayhan School and 

College 
Viqarunnisa Noon School 

Legend 

Study area 
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5.4.3.2 Random sampling of child 

After the selection of schools, the next step was the selection of children. Once 

schools were randomly selected, the Director-General of the Ministry of Education 

was approached for a formal letter requesting the cooperation of the selected schools 

for this study. A letter was granted from the Education Ministry requesting the selected 

schools’ cooperation with the names of the schools stated in the letter. The school 

principals of the selected schools were then contacted (Appendix C) and delivered the 

letter and requested for their voluntary participation in this research. The principals 

were provided with a brief explanation of the research, the targeted age group, and the 

selection process of children. Upon their acceptance (eight out of twelve schools 

agreed to participate), the school officials were asked to arrange classes with students 

from the respective age group for a presentation in a fixed time and date. In a short 20 

minutes presentation, students were informed about the research, including potential 

outcome, and how students can participate in the research. The students who showed 

inclination, an information sheet and a consent form were given to them to deliver to 

their parents. They were also asked to return the consent form upon receiving approval 

from their parents. Respondents living within 1.6 km (crow-fly distance) of the schools 

were included in this study. The 1.6km buffer was selected based on the literature as 

it represents the walkable distance for children aged 10-14 years (McDonald & 

Aalborg, 2009). 

Children/respondents were selected from the returned parent’s consent forms. 

Altogether, 958 forms were distributed, and 16% of the distributed forms were 

returned to the class teachers. Interested parents were contacted directly over the phone 

asking for their appointments for data collection. To ensure the comfort of children, 

they were surveyed in their home environment. However, in some cases with the help 

of school officials, presentations were arranged in coaching/private tuition after school 

where both children and parents were available. This process accelerated getting 

parents’ consents. This is a context-specific solution. In Dhaka, coaching is run by 

mostly school teachers and acts as an extended school in some cases. This approach 

facilitated a snowball technique to further include some school-going children in this 

study (9%) from outside of the selected schools. Figure 5-5 shows the process of 

sample selection and conducting the survey. 
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Figure 5-5: Process of sample selection and data collection through field survey 
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5.5 DATA REQUIREMENT 

The empirical part of this study was conducted based on the Bronfenbrenner’s 

bio-ecological model (also referred as the social-ecological model) as discussed in 

Section 2.2.2.1, which interprets the environment a multidimensional phenomenon 

including physical, social and cultural dimensions. Although this ecological model 

regards the relationship between children’s behaviour and their environment as 

reciprocal (environment and child’s behaviour both can influence each other), but this 

proposed study is only interested in exploring the role of environment on children’s 

behaviour and therefore adopts a mono-directional approach. Based on the literature 

review and the conceptual framework, a description of determining variables is 

provided below. 

 Determining Variables of this Research (BE-CIM Association) 

5.5.1.1 Dependent variable 

The only dependent variable of this research is CIM (children’s independent 

mobility) of urban children. This variable is further divided into four components 

concerning measurement strategies and variation found in existing CIM and active 

transport literature. 

One variable was generated based on Moore and Young’s concept of territorial 

range discussed in Section 2.2.2.2. This research considers habitual range (close to 

home behaviour) of child proposed by Moore and Young (1978). Frequented range 

(the temporal flexibility of weekend and vacation period) and occasional range (trips 

to exotic places beyond other two types of ranges that are experiential) have been 

omitted because, in the empirical findings, Moore and Young had shown that these 

ranges are overshadowed by family activities. The selected range was considered as a 

component of ‘distance’ value; children’s average habitual independent territorial 

range (TR) in this research. 

Some studies measured CIM by the degree of parental granted mobility licence 

(Kyttä, 2004). However, children should not be seen as passively obeying the 

parentally imposed mobility restrictions. That is why instead of mobility licence, this 

study uses categorical data representing the autonomy of a child in the journey to 

different destinations as a second component referred to as likelihood of CIM trip to a 

particular destination. 
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To measure CIM, this research assumed that two more important components 

are required: the proportionate measure and the route choice behaviour that was found 

significant for active travel behaviour of both children and adults. For this reason, the 

proportion of CIM to different destinations is included as a third component for CIM. 

A proportion is a type of ratio that relates a part to a whole and thus able to provide a 

comparative analysis (LaMorte, 2016).  

In addition, this research includes route choice for CIM as a fourth and final 

component. The definition of route choice suggests choosing a particular route over 

other alternatives due to some utility/BE attribute preferences (Borgers & 

Timmermans, 1986).  

All these CIM indicators (except route choice due to sample size limitation) were 

categorised into discretionary and nondiscretionary trips and further analysed in 

relation to BE and socio-demographic factors.  

5.5.1.2 Independent variable 

Independent variables were selected in a three-stage process. First, the review of 

the literature as shown in Chapter 2, enabled this research to sort out a range of 

indicators including BE and socio-demographic. Second, the BE indicators were 

further refined based on the meta-analysis of the relationship between CIM-geographic 

BE and PM-topological BE. Third, a review of available BE and walkability audit tools 

for children and adults (SWATCH, MAPS, TCOPPE, Walkability Audit Tool, WA), 

and local urban development regulation found some important variables (BCA 2008; 

Cain, Millstein, & Geremia, 2012; Lee, Kim, Dowdy, Hoelscher, & Ory, 2013; Sallis 

et al., 2015; Shatu & Yigitcanlar, 2018; Shumi, Zuidgeest, Martinez, Efroymson, & 

van Maarseveen, 2015). The selected variables are summarised in two categories: BE 

variables covering both topological and geographic dimensions, and socio-

demographic variables (Table 5-1). The variables that cannot be captured by angular 

measurement in space syntax were listed under geographic variables. 
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Table 5-1: List of variables 
Category Characteristics Sl Variable Description Data 

source 

  1 Likelihood of 

CIM trip 

 

Accompaniment status of a 

trip to a particular 

destination (independent or 

not)  

Primary  

 

 

 

2 TR Territorial range 

3 The proportion 

of CIM 

The proportion of CIM 

trips compared to overall 

trips 

4 Route choice for 

CIM 

Selection of routes from 

alternatives for CIM  

In
d

ep
en

d
en

t 
V

ar
ia

b
le

 

G
eo

g
ra

p
h

ic
 B

E
 v

a
ri

a
b

le
 

Distance  1 Distance  Network distance (m) from 

origin to different types of 

destinations 

Derived 

based on 

Primary 

data  

Diversity Land use 2 Presence of 

residential use 

Presence of residential 

land use along the route 

Primary  

  

3 Presence of 

commercial/retail 

use 

Presence of 

commercial/retail land use 

along the route 

4 Presence of 

institutional use 

Presence of institutional 

land use along the route 

5 Presence of 

recreational use 

Presence of recreational 

land use along the route 

6 Presence of 

religious use 

Presence of religious land 

use along the route 

7 Presence of 

vacant land 

Presence of vacant land 

along the route 

8 Presence of 

under-

construction land 

use 

Presence of under-

construction land use 

along the route 

9 Setback Setback between the 

building and the road 

Design  Walking 

environment 

10 Sidewalk 

availability 

Availability of sidewalk 

along the route 

11 Sidewalk width Width of sidewalk (m) 

12 Sidewalk 

continuity 

Continuity of sidewalk 

13 Walking 

environment 

condition 

If bumps/cracks/holes/ 

dirty objects are present on 

the route 

14 Walking 

environment 

obstruction 

If the route is obstructed 

poles/ parked vehicles/ 

garbage cans/ vendors/ 

temporary 

structures/construction 

materials  

15 Stopover 

activities 

Presence of cart, 

vendor/shops with 

children's stuff on the 

street 

Traffic 

environment 

16 Street width Road width (m) 

connecting to a destination 

17 Street 

connectivity 

Number of intersecting 

routes at the end of the 

route 

18 Intersection with 

traffic control 

measure 

Presence of traffic light or 

traffic police at the 

intersection of route 

19 Pedestrian 

volume 

Number of pedestrians are 

visible on the route at a 

time 
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20 Traffic 

composition 

Presence of motorised and 

nonmotorised vehicles on 

the route 

Aesthetic and 

Comfort  

21 Number of tree 

shades 

Number of tree shades 

along the route 

22 Building height Average building height 

along the route 

23 Physical access Physical access to adjacent 

land use  

24 Visual access Visual access to adjacent 

land use 

T
o

p
o

lo
g
ic

a
l 

B
E

 v
a

ri
a

b
le

 

Distance 25 Depth Number of turns from one 

point to another 

Primary  

Design 26 Integration The average depth of a 

street to all other streets 

Derived 

based on 

Secondar

y data  
27 Choice  Chance of a street to fall 

on the shortest paths 

between two points 

28 Connectivity Degree of the 

connectedness of a street-

based on number of 

intersecting axial line  

S
o

ci
o

-d
em

o
g

ra
p

h
ic

 v
a

ri
a

b
le

s 

Child 1 Child’s Age Measured in year Primary  

2 Child’s Gender - 

3 Number of 

siblings 

- 

4 Number of 

friends 

- 

5 Number of 

known 

neighbours 

- 

6 Ownership of 

cycle 

- 

Parents 7 Family income Household monthly 

income 

8 Mother’s age Measured in year 

9 Father’s age Measured in year 

10 Mother’s gender - 

11 Father’s gender  

12 Mother’s 

education 

- 

13 Father’s 

education 

- 

14 Residency 

duration 

Duration of living in 

present address 

• Built environment variable 

Both topological and geographic BE variables were selected from the 3Ds 

(Distance, Diversity and Design) and have been grouped as independent variables 

under four categories: a) land use; b) traffic environment; c) walking environment, and 

d) aesthetic and comfort. All of the topological variables, except depth, were included 

in the D dedicated for design as spatial properties of any area can be modified through 

design. Depth variable was included in the D dedicated for distance because from a 

topological perspective; distance is measured by depth (Hillier & Hanson, 1984). 
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Some BE variables found in the literature were excluded for valid reasons. For 

example, geographic location variable was excluded as this research is limited to 

children of the same geographic location (urban children from the same city) 

understanding the alarming rate of deterioration of CIM of urban children. Building 

density and population density were not included in the list of 28 BE variables, as 

presented in Table 5-1. This study has only four case study areas, and inclusion of the 

area density variable does not contain enough variations in data. More importantly, the 

study-area variable captured the unobserved density effect in the model. Inclusion of 

both density and study-area factors was not possible because of perfect collinearity. 

Intersection density was replaced as it was the measure of another included variable 

named connectivity. Street pattern was omitted as the frequency of intersections 

reflects the pattern of street. Moreover, case study-area was included as an independent 

variable which captured the variations in street pattern among the study-areas. Figure 

5-6 shows the configuration of street network of four study-areas. Some context-

specific variables were included (e.g., traffic composition, walking environment 

condition instead of sidewalk condition) in the list of variables while some irrelevant 

variables were excluded (e.g., sidewalk width, number of road lane to cross).   
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Figure 5-6: Configuration of street network of four study-areas 

• Socio-demographic variable 

In the category of socio-demographic variables, 14 variables; children’s age and 

gender, number of siblings ≤ 18years old, number of friends, number of known people 

in neighbourhood, ownership of cycle, monthly household income, parent’s age, 

parent’s gender, parent’s highest level of education, number of motorised vehicles at 

home and residency duration were taken into account. 

 Data Collection 

This research required three types of data to address the research objectives: a) 

travel data of children; b) topological and geographic BE data that could potentially 

Study area 1 Study area 2 

Study area 3 Study area 4 
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affect CIM behaviour; and c) socio-demographic data of children and parents that 

might impact CIM decision. The complexity, variance and a large number of variables 

directed the selection of research strategy including data collection and survey 

methods. Based on the determined variables and the assumed connections between 

them, a checklist is prepared to indicate the required data type to answer the research 

questions (Table 5-2).  

Table 5-2: Required data type and their collection method 

 
Research 

Question 

Research Objective Data Requirements Data Collection 

Method 

Data 

Source 

1. Which 

of the BE 

factors 

are 

reported 

with a 

consistent

ly strong 

correlatio

n with 

CIM in 

the 

literature

? 

1.1. To identify a list 

of geographic factors 

that have significant 

associations with CIM 

and to derive the 

magnitudes, 

directions, and 

consistency of 

association of the 

identified geographic 

factors on CIM 

Literature regarding 

BE-CIM associations 

Literature review Secondary 

1.2 To review and 

identify different 

topological indicators 

as used in space syntax 

literature to explain 

PM and to synthesise 

the magnitudes, 

directions, and 

consistency of these 

associations  

1.3. To identify the 

potential of space 

syntax indicators to 

influence CIM 

Literature regarding 

space syntax 

measures- PM 

associations 

Literature 

review 

Secondary 

2. How do 

topologic

al and 

geographi

c features 

of the BE 

affect 

CIM, and 

how they 

differ 

between 

discretion

ary and 

nondiscre

tionary 

CIM? 

2.1 To investigate the 

impact of topological 

and geographic BE 

factors on the 

likelihood of CIM trip 

between discretionary 

and nondiscretionary 

trips 

2.2 To identify the 

topological and 

geographic BE factors 

that have an impact on 

the independent 

territorial range (TR) 

and how the impact 

varies between 

Objectively measured 

geographic BE data 

of actual/taken route 

Virtual BE audit, 

ArcGIS 

 

Primary 

Objectively measured 

topological BE data 

of the taken route 

Depthmap Primary 

and 

Secondary 

Route networks to 

derive topological BE 

ArcGIS street 

network maps 

Secondary 

Children’s travel data 

regarding trip 

accompaniment and 

destinations visited 

and routes were taken 
for independent travel 

Travel diary data 

and routes were 

drawn in 

mapping 

activities during 
the questionnaire 

survey of 

children  

Primary 
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discretionary and 

nondiscretionary trips. 

2.3 To identify if 

topological and 

geographic BE 

impacts the proportion 

of CIM and to test the 

validity of the impacts 

between discretionary 

and nondiscretionary 

CIM 

Socio-demographic 

data 

Questionnaire 

survey of 

children and 

parents 

Primary 

Children’s travel data 

regarding 

destinations visited 

and routes were taken 

for independent travel 

Travel diary data 

and routes were 

drawn in 

mapping 

activities during 

the questionnaire 

survey of 

children 

Primary 

3. How 

does the 

BE affect 

children’s 

independ

ent route 

choice 

behaviour

? 

3.1 To determine the 

relative influence of 

geographic distance 

and directional change 

on CIM route choice 

3.2 To identify the 

independent effects of 

topological and 

geographic BE on 

route choice for CIM 

after controlling for 

route distance and 

route direction. 

Shortest geographic 

distance between 

origin and destination 

of each independent 

trip 

Derived in 

ArcGIS 

employing 

network analysis 

Primary 

and 

Secondary 

Least directional 

distance between 

origin and destination 

of each independent 

trip 

Derived in Depth 

map 

Primary 

and 

Secondary 

Route networks to 

derive topological BE 

ArcGIS street 

network maps 

Secondary 

Objectively measured 

route data along the 

alternative routes 

Virtual BE audit Primary 

 

In total, data regarding 24 geographic BE variables, four topological BE 

variables, 4 CIM variables and 14 socio-demographic variables were collected by 

using both subjective and objective methods. Both primary and secondary data were 

required to derive the variables. Different survey instruments were employed to collect 

different type of dataset. Primary data were collected through questionnaire survey 

followed by travel diary of children, mapping activities and BE audit. Secondary data 

were collected from the Capital Development Authority of Bangladesh to measure and 

derive BE variables.  

5.5.2.1 Questionnaire survey followed by travel diary and mapping activities 

A questionnaire survey was conducted between September and November in 

2017 with children and parents from randomly selected seven schools in Dhaka, 

Bangladesh (Figure 5-3). The initial sample included a total of 336 participants (n=168 

children, n=168 parents). Due to some missing data of children and parents, 17 sample 

units (one child and one parent per unit) were consequently eliminated from statistical 

analysis which resulted in an analytical sample of 151 students. Although the final 
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sample size is small, it was found to be representative of prior studies that applied a 

similar methodology (Table 5-3). 

Table 5-3: Sample size of several CIM research 

 
Citation Journal Sample 

size  

Sample 

age (in 

year) 

Study 

location 

Country 

classification 

Loebach and 

Gilliland (2016) 

Children's 

Geographies 

23  9-13 Canada Developed 

Fagerholm and 

Broberg (2011) 

Fennia-

International 

Journal of 

Geography 

35 10-11 Finland Developed 

Monsur, 

Mansur, and 

Islam (2017) 

Preventive 

medicine 

60 7-11 Bangladesh Developing 

(Islam, et al., 

2014) 

Environment and 

Behaviour, SAGE 

109 9-14 Bangladesh Developing 

Loebach and 

Gilliland (2014) 

Children's 

Geographies 

143 9-13 Canada Developed 

Van Vliet 

(1983) 

Environment and 

Behavior 

148 14-16 Canada Developed 

Veitch, et al. 

(2008) 

Health education 

research 

212 8-12 Australia Developed 

Carver, Veitch, 

et al. (2014) 

Journal of 

Transport & 

Health 

271 8-15 Australia Developed 

 

The questionnaire survey collected data regarding children’s mobility behaviour 

and socio-demographic status. The questionnaire provided a standard way of 

collecting information. A review of the literature found that questionnaire is the most 

common subjective instrument used so far to collect CIM data (Table 5-4). Moreover, 

a study reviewing the methodology of 27 CIM studies found that independent mobility 

was more extensively measured through a questionnaire (by 15 studies) (Bates & 

Stone, 2015). Travel/activity diary was also identified in this review article as an 

important instrument for the CIM studies which tried to measure the CIM by 

independent time spent outside or territorial ranges other than mobility licence. As this 

research included four CIM variables, a travel diary instrument followed by mapping 

activity was employed to collect necessary CIM data from children. At the end of the 

questionnaire, a travel diary was attached to keep the record of children’s travel. 
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Table 5-4: Subjective methods used in CIM studies  

 
Citation Data collection instrument Respondent 

(Loebach & Gilliland, 

2014) 

Questionnaire Child, parent 

(Villanueva, Giles-Corti, 

Bulsara, Timperio, et al., 

2012) 

Questionnaire, mapping 

activity 

Child, parent 

(Villanueva, Giles-Corti, 

Bulsara, McCormack, et 

al., 2012) 

Questionnaire, mapping 

activity 

Child, parent 

(Lopes, et al., 2014) Questionnaire Child, parent 

(De Meester, et al., 2014) Questionnaire, travel diary  

(O'Brien, et al., 2000) Questionnaire, mapping 

activity 

Child, parent 

(Kyttä, 2004) Questionnaire, interview Child, parent 

(Islam, et al., 2014) Questionnaire Child, parent 

(Villanueva, et al., 2013) Questionnaire Child, parent 

(Broberg, Salminen, et al., 

2013) 

mapping activity Child 

(Brown, et al., 2008) Questionnaire, mapping 

activity 

Child, parent 

 

The questionnaire was prepared in such a manner so that it could ensure the 

collection of 2 types of data: behavioural and attitudinal. The basis of the questionnaire 

was the list of significant variables found in the literature review. To conduct the 

survey, the questionnaires (Appendix A and B) were translated into Bengali, the local 

language of the research context from English by a NAATI translator to ensure the 

correct level communication, interpretation and interaction. Both children’s and 

parents’ questionnaire were translated following this process. During the survey, at 

first, children were asked to provide data regarding their age, gender, and other 

individual factors. Then, children were asked for self-completion of a provided travel 

diary with data regarding the type of destination visited (e.g., school, park mosque), 

mode of travel (such as walk, cycle, car, bus, local vehicles), and accompaniment of 

each trip taken (alone, with friends/siblings aged ≤18 years, parents/guardians). 

Finally, a mapping activity was conducted with children. The mapping activity has 

been referred to as a useful tool to record data on children’s travel behaviour in the 

literature (Rissotto & Tonucci, 2002; Veitch, et al., 2008). This reduced the chance of 

error as the child provided trip data were drawn on a map by the researcher in front of 

the child. Literature shows that mapping activity is important for the studies which 

deal with the CIM in connection with journey to different destinations, which also 
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aligns with this research interest. The satellite image available from Google Earth was 

used to record three types of information through mapping: 1) child’s home; 2) the 

routes taken to reach different types of local destinations; 3) location and type of the 

visited destination. The mapping activity aimed to obtain information about the places 

children visit independently on a regular basis. According to numerous studies, using 

a large size map is effective for children (Rissotto & Tonucci, 2002; Villanueva, Giles-

Corti, Bulsara, Timperio, et al., 2012). It was easy to visualize data collected through 

mapping activities rather than data collected through a questionnaire survey. These 

data played a vital role in the subsequent analytical process of this research.  

To reduce recall errors for travel diary instrument, records were asked to store 

only for two days, including the last school day and the last school off day/weekend. 

Inclusion of records from both weekend and weekday also helped to avoid temporal 

biases on CIM and to portray a generalized CIM scenario. The children who did not 

attend school in the survey week and the previous week were excluded from the survey 

to minimise recall biases. The questions were mainly close-ended in nature.   

Socio-demographic data were collected through questionnaire mainly from 

parents. In the questionnaire, a separate part was delegated for parents. They were 

asked to fill up that part by providing necessary information about themselves and their 

family (Appendix B).  

Descriptive characteristics of 151 sample unit are shown in Table 5-5. Of the 

children, 53% were girls and 47% were boys. The mean age of children is 12.5 years. 

38.4% , 27.2%, 21.2% and 13.2% of children were from Area 1, 2, 3 and 4 respectively. 

The majority of children reported that they did not own a bicycle (62.9%) and belonged 

to relatively small families having only one sibling (55%). However, at the 

neighbourhood level, participants reported that a majority of them have many friends 

(70%) and lots of known residents (74.2%) as they have been living in the same 

neighbourhood for a long time (Mean= 8.97 years). 

The majority of survey respondents (43%) were from a family with a monthly 

household income of t.26,000-50,000 (approx. $325-$625 USD), which is considered 

as lower-middle to a middle-income group in the local context (Power and 

Participation Research Centre, 2016). A higher representation of mothers was evident 

in this survey (62.3% cases) aged between 30 and 45 years (84.8% cases). The majority 

of fathers were also from the same age bracket (57.6%). Higher secondary education 
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was most prevalent among mothers (33.1%), and graduation (37.7%) was more 

common among fathers. 

The 151 child participants reported 466 trips in total, which destined to 14 

different activity types over the two days surveyed. Nondiscretionary trips (53.2%) 

were made slightly more than discretionary trips (46.8%). Overall, 86.1% of the 

children reported having at least one independent travel. In total, 327 (70.3%) of the 

466 trips were found to be made independently. Children made more independent trips 

on weekdays (70.6%) compared to weekends (29.4%). One reason for this high rate of 

independent trips on weekdays could be the school-based nondiscretionary trips. The 

analysis shows that a majority of nondiscretionary independent trips were made on a 

weekday (87.7%).   

Table 5-5: Summary statistics of variables included in the model  
Variable Name Frequency % Mean SD 

Child demography and individual factors 

Gender         

Male 71 47.0 - - 

Female 80 53.0 - - 

Age - - 12.25 1.47 

Number of siblings ≤ 18 years old - - 0.89 0.70 

Number of car/motorbikes in family - - 0.30 0.52 

I have lots of friends in neighbourhood 
 

      

Yes 105 70 - - 

No 46 30.5 - - 

I know lots of people in neighbourhood       

Yes 112 74.2 -  -  

No 39 25.8 -  -  

Ownership of cycle         

Yes 56 37.1 - - 

No 95 62.9 - - 

Case study-area         

Area 1 58 38.4 - - 

Area 2 32 21.2 - - 

Area 3 41 27.2 - - 

Area 4 20 13.2 - - 

Family demography 

Duration (in year) in current neighbourhood - - 8.97 7.44 

Family income         

less than 25,000 taka ($324 USD) 45 29.8 - - 

26,000-50,000 ($325-$625) 64 43.0 - - 

51,000-10,0000 ($626-$1250) 34 22.5 - - 

1,00,000-2,00,000 ($1251-$2500 USD) 6 4.0 - - 

more than 2,00,000($2500 USD) 1 0.7 - - 

Age of Mom (in year)         

<30  15 9.9 - - 

30-45 128.0 84.8 - - 
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>45 8.0 5.3 - - 

Age of Dad (in year)         

<30 0 0.0 - - 

30-45 87.0 57.60 - - 

>45 64.0 42.40 - - 

Relation with participating child         

Mother 94 62.3 - - 

Father 52 34.4 - - 

Other 5 3.3 - - 

Trip Information     

Total trip 466 100.0 - - 

Independent 327 70.2 - - 

Discretionary independent trip 173 52.9 - - 

Nondiscretionary independent trip 154 47.1 - - 

Discretionary independent trip on weekday  96 55.5 - - 

Discretionary independent trip on weekend 77 44.5 - - 

Nondiscretionary independent trip on weekday  135 77.7 - - 

Nondiscretionary independent trip on weekend 19 11 - - 

Dependent 139 29.7 - - 

5.5.2.2 Virtual BE audit for geographic BE data collection  

Table 5-6 presents a description of all BE variables included in this study. These 

BE data were collected by applying different techniques. The geographic BE data were 

collected through a virtual BE audit, and the topographic BE data were collected using 

Depthmap software. The geographic BE data were collected through a virtual BE audit 

for three reasons: first, the secondary geographic data for Dhaka was last published in 

2008 by the Capital Development Authority of Bangladesh. However, being one the 

fastest growing megacity, Dhaka has gone through substantial urbanization over the 

last 10 years (BBS, 2011). This means that the available datasets are not representative 

of current BE; second, the virtual BE audit technique has been identified as a reliable 

method to provide a concrete assessment of a walking environment (Kelly, Wilson, 

Baker, Miller, & Schootman, 2012); third, this method collected information of micro-

scaled street features (e.g., number of trees, visual connection with the adjacent 

building) that were unavailable in the GIS dataset (Pikora et al. 2002, 2006). Virtual 

walkability data were collected by the researcher using Google Street View in 

December 2017. Google Street View-based BE data collection methods were adopted 

in this study because this technique is gaining popularity in the public health literature 

(Badland et al., 2010). A list of BE factors for virtual audit was prepared based on 

relevant global and local BE, walkability, and CIM indices available in the literature 

(BCA 2008; Lee, et al., 2013; Sallis, et al., 2015; Sharmin & Kamruzzaman, 2017; 

Shatu & Yigitcanlar, 2018). The BE audit tool captured information about 23 attributes 
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of BE under 4 categories: land-use walking environment, traffic environment, aesthetic 

and comfort (Table 5-6). Data were collected for each segment on child-reported 

routes. Data were collected for 681 segments forming the routes taken by the children 

in the two days of survey. The virtual audit was conducted for 606 segments (11% of 

the total segments of actual routes). The Google Street View was not available for the 

remaining 75 segments. Data for these segments were collected from photographs and 

videos recorded during a field visit. Geographic distance of each reported route was 

derived in ArcGIS. 

BE data along alternative routes (shortest geographic and least directional route) 

for route choice analysis were also collected through virtual walkability following the 

same process.   
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Table 5-6: Categories and description of explanatory variables used to collect BE data  
BE 

Type 

BE 

Categori

es 

Variable Name Level Explanation Measuring 

Scale  

G
eo

g
ra

p
h

ic
 B

E
 

Distance Distance   Network distance (m) to destination Continuous 

Land 

Use 

Residential land 

use 

  

  

None If there is no residential use in the ground floor along a segment 1 

Few If there are a few residential uses in the ground floor along a segment 2 

A lot If there are a lot of residential uses in the ground floor along a segment 3 

Commercial and 

retail land use 

  

None If there is no commercial/ retail use in the ground floor along a segment 1 

Few If there are a few commercial/ retail and business use in the ground floor along a segment 2 

A lot If there are a lot of commercial/ retail and business use in the ground floor along a segment 3 

Institutional land 

use 

  

None If there is no institutional use in the ground floor along the segment 1 

Few If there are a few institutional uses in the ground floor along the segment 2 

A lot If there are a lot of institutional uses in the ground floor along the segment 3 

Recreational land 

use 

Yes If recreational use (e.g. park, waterbody) is present along the segment 1 

No If no recreational use is present along the segment 0 

Religious land use 

  

Yes If religious use (e.g. mosque, church, temple) is present along the segment 1 

No If no religious use (e.g. mosque, church, temple) is present along the segment 0 

Vacant land 

  

Yes If there is a vacant lot present along the segment 1 

No If there is no vacant lot present along the segment 0 

Under-

construction land 

use 

Yes If there is an under-construction land use present along the segment 1 

No If there is no under-construction land use lot present along the segment 0 

Setback  

  

  

  

No building  If there is no building along the segment 1 

 >1.5m  If building at >1.5m from the segment 2 

 < 1.5m  If building at < 1.5m from the segment 3 

At edge   If building at the edge of the segment 4 

Walking 

Environ

ment 

Sidewalk 

availability 

Yes If footpath is present 1 

No If footpath is absent 0 

Sidewalk width 

  

  

None If footpath is absent 0 

 <1m If footpath width is <1m 1 

 1m-2m If footpath width is between 1m-2m 2 
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   >2m If footpath width is >2m 3 

Sidewalk 

continuity 

  

None If footpath is absent 1 

Incomplete If footpath is incomplete 2 

Complete If footpath is complete 3 

Walking 

environment 

condition 

Poor If many bumps/cracks/holes/ dirty objects are present on the segment 1 

Moderate If some bumps/cracks/holes/ dirty objects are present on the segment 2 

Good If very few bumps/cracks/holes/dirty objects are present on the segment 3 

Walking 

environment 

obstruction 

Yes If poles/ parked vehicles/ garbage cans/ vendors/ temporary structures/construction materials 

are present on the segment 

1 

No If poles/ parked vehicles/ garbage cans/ vendors/ temporary structures/construction materials 

are absent on the segment 

0 

Stopover 

activities 

Yes If food cart, vendor/shops with children's kinds of stuff are present along the segment 1 

No If food cart, vendor/shops with children's kinds of stuff are present along the segment 0 

Traffic 

Environ

ment 

Street width 

  

  

  

Primary  If the street width is >9m 1 

Secondary If the street width is between 6m-9m 2 

Tertiary If the street width is between 3m-6m 3 

Feeder If the street width is <3m 4 

Street 

connectivity 

  Number of intersecting axial lines at the end of the road segment Continuous 

Intersection with 

traffic control 

measure 

Yes If there is traffic light/traffic police/zebra crossing at the intersection of a segment 1 

No If there no traffic light/traffic police at the intersection at the end of a segment 0 

Pedestrian volume 

  

  

Low If 0-5 pedestrians are visible on a segment at a time 1 

Moderate If 6-30 people are visible on a segment at a time 2 

High If >30 people are visible on a segment at a time 3 

Traffic 

composition 

  

  

  

High speed 

motorised 

traffic  

If only high-speed motorised traffic (e.g. car, bus, truck etc.) are present on a segment 1 

Moderate speed 

motorised 

traffic  

If a mixture of high and moderate speed motorised traffic (e.g. car, bike, auto-rickshaw etc.) 

is present on a segment 

2 

Moderate speed 

motorised and 

If a mixture of moderate speed motorised and non-motorised traffic (e.g. rickshaw, bike, 

auto-rickshaw, private car etc.) is present on a segment 

3 
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non-motorised 

traffic 

Low-speed non-

motorised 

traffic 

If only non-motorised traffic (e.g. rickshaw, cycle, school van etc.) is present on a segment 4 

Aestheti

c, 

Comfort 

and 

Safety 

Number of tree 

shades 

  

None/ very few If no/very few trees are present along a segment 1 

Some If some trees are present along a segment 2 

Many/ dense If many/dense trees are present along a segment 3 

Building height 

  

  

  

No building If no building is present along a segment 0 

Short If average building height along a segment is 1-2 stories 1 

Medium If average building height along a segment is 3-6 stories  2 

Tall If average building height along a segment is more than 6 stories 3 

Physical access 

  

  

Low/None If low/no level of physical access to adjacent land use is present 1 

Moderate If a moderate level of physical access to adjacent land use is present 2 

High If a high level of physical access to adjacent land use is present 3 

Visual access 

  

  

Low/None If a low level/no visual connection to adjacent land use is present 1 

Moderate If a moderate level of visual connection to adjacent land use is present 2 

High If a high level of visual connection to adjacent land use is present 3 

T
o

p
o

lo
g

ic
al

 B
E

 

Topologi

cal 

properti

es of 

street  

Angular step 

depth 

  Angular change between origin and destination of a taken route where 90º angle change is 

equivalent to 1 step depth 

Continuous 

Angular 

integration  

 
The closeness of each segment to all others in terms of the sum of angular changes that are 

made on each route where integration = Node count/ Mean depth 

Continuous 

Angular choice  
 

Chance of a segment to fall on the shortest angular path between origin and destination. 

Choice = ∑ ∑
djk(i)

djkkj , where djk refers to the shortest-path between line j and k; djk (i) refers 

to the shortest-path containing line I between line j and line k. 

Continuous 

Angular 

connectivity  

  Cumulative turn angle of a segment to other segments where 45º angle change is equivalent 

to 0.5 cumulative weight 

Continuous 
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5.6 DATA CREATION, PROCESSING AND ANALYSIS 

The empirical analysis to answer the research question 2 and 3 was done through 

three steps: spatial analysis, descriptive analysis, and statistical analysis.  

 Spatial Analysis 

Spatial data were processed and analysed through Geographic Information 

System (GIS) and Space Syntax method following the below steps: 

5.6.2.1 Digitizing visited destinations and actual routes 

Using ArcGIS application, all reported origins, destinations and taken routes of 

each participant were geocoded and digitised manually. The geographic dataset 

provided by the Capital Development Authority of Bangladesh was utilised in this 

study. This dataset included land use and street layout information of selected areas. 

Due to unavailability of up-to-date GIS data in some places, few streets and land uses 

were updated manually before locating origin-destination of each reported routes and 

digitizing actual routes. Actual routes were extracted from the street networks. This 

method has been applied by Villanueva, Giles-Corti, Bulsara, Timperio, et al. (2012) 

already.  

5.6.2.2 Generating directional change (step-depth) of actual routes  

The directional change (step-depth) of each reported route was were generated 

in Depthmap, version X 0.50. For doing that, this research used segment analysis over 

axial analysis, because as mentioned in Section 2.4, a segment representation is more 

precise and able to capture minor variations in direction change (Hillier & Iida, 2005). 

Moreover, the meta-analysis of space syntax-PM association presented in Chapter 4 

revealed that the segment analysis could explain travel behaviour better than the axial 

analysis. Angular method was selected for the derivation of space syntax measures 

because existing literature, comparing the three types of methods (angular, topological 

and metric) available for segment based analysis, indicates that angular measures are 

the strongest predictor of travel behaviour (Sharmin & Kamruzzaman, 2018; Xia, 

2013). In the space syntax literature, segment-based angular directional change is 

referred to as angular step-depth. At first, angular step-depth was measured separately 

for each reported route. It calculates total directional changes in angle between an 

origin and a destination, and represented by 1 for a 90-degree change is equivalent to 

1 turn/1 depth. Similarly, angular step-depth 0º refers to no directional change whereas 



  

Chapter 5: Research Design and Methodology 133 

2 refers to 180º change (Turner, 2007). The angular step-depth of each reported routes 

were generated in Depthmap by following the steps below.  

1. The digitised 466 reported trips including both dependent and independent 

trips were converted from Shapefile into AutoCAD (.dxf) format using 

software named Geoconverter. 

2. Each .dxf files were individually imported on a new map view window in the 

Depthmap software (Figure 5-7) 

 

Figure 5-7: Importing a dxf file into a new map view in Depthmap 

3. The opened drawing maps were converted to segment maps (Figure 5-8) 

Figure 5-8: Preparation of segment map in Depthmap 

4. A segment on the route was selected from where the angular step-depth was 

calculated (turns to yellow). Angular step-depth analysis was selected from the 

Tools options as shown in Figure 5-9 and the angular step depth of a route is 

generated (Figure 5-10)  
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Figure 5-9: Calculation of angular step depth in Depthmap 

 

Figure 5-10: Generated angular step depth of a route in Depthmap 

5.6.2.3 Generating shortest path routes 

The shortest distance routes were generated from network analysis in ArcGIS. 

To do that, first, the updated GIS street network shapefiles were converted into 

network datasets using distance as impedance. The network analyst tool was then used 

to generate the shortest distance routes between the origin and destination of each 
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reported routes by each child. Out of 466 reported trips, only CIM trips were selected 

for further network analysis and 327 shortest CIM routes were generated.  

5.6.2.4 Generating directional change (step-depth) of shortest distance routes 

The directional changes (angular step-depth) of shortest geographic distance 

routes for CIM was generated, followed by the same steps applied for actual routes.  

5.6.2.5 Generating least directional routes 

The least directional routes were generated in Depthmap. The manually updated 

GIS street network shapefiles of case study-areas were exported as AutoCAD files 

(.dxf) as mentioned earlier. The area-based street network .dxf files were used to 

generate segment maps. Four segment maps were generated for four case study areas. 

Segment maps for each of the study-areas were then used to calculate angular step-

depth between the origin and destination of each route. This was done by creating 327 

CIM trips, one for each trip origin (e.g., home, coaching), and deriving the shortest 

route between the origin and its associated destination. The angular step-depth maps 

were then converted into shapefiles and used in ArcGIS to extract least directional 

routes between origin-destination pairs. The depth and distance of those routes were 

measured again following the process described for actual routes. Figure 5-11 shows 

the step-depth map from a child’s home as an origin for taken independent trips to 

various local destinations.  
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Figure 5-11: Step-depth map from a child’s home as an origin for taken independent 

trips to different destinations 

5.6.2.5 Generating other space syntax indicators 

The other space syntax indicators (e.g., integration, choice and connectivity) 

were derived in Depthmap using the segment maps generated for four case study areas. 

The study-area was determined based on a 1 km buffer from the furthest activity 

location of children in order to minimise the edge effect in spatial analysis (Ratti, 

2004). Edge effect refers to the tendency of the edges of spatial system appear as 

disproportionately segregated than they might be in reality due to the fact that streets 

on the edge of the map are connected onward (Hillier, 2007). The angular integration, 
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angular choice and angular connectivity of each reported routes were generated in 

Depthmap by following the steps below.  

1. The Shapefile of extracted street network of four case areas were converted 

into CAD format (.dxf) using ‘Geoconverter’ software. 

2. A new map view was created in Depthmap and the .dxf files were imported 

separately (Figure 5-12) 

Figure 5-12: Import of the CAD file to Depthmap 

3. The imported maps were converted to segment maps, as shown in Figure 5-13.  

Figure 5-13: Conversion of data map into segment map 

4. Angular segment analysis was selected from Tools (Figure 5-14). Tulip 

analysis with 1024 tulip bin and segment steps r=n was selected. Choice option 

was turned on to measure angular choice, as shown in Figure 5-14. The 

following descriptions/equations were used to derive angular measures. 
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Figure 5-14: Running angular segment analysis 

• Angular integration- The closeness of each segment to all others in terms of 

the sum of angular changes that are made on each route where integration = 

Node count/ Mean depth 

• Angular choice- Chance of a segment to fall on the shortest angular path 

between origin and destination. Choice = ∑ ∑
djk(i)

djkkj    (5-1) 

where djk refers to the shortest-path between line j and k; djk (i) refers to the 

shortest-path containing line I between line j and line k. 

• Angular connectivity- Cumulative turn angle of a segment to other segments 

45º angle change is equivalent to 0.5 cumulative weight 

5. Each analysis provided a separate map for three angular measures and their 

corresponding value for each segment of the street network. Figure 5-15 

presents the angular integration, angular choice and angular connectivity maps 

of four case areas.  

5. The generated angular measure maps, as shown in Figure 5-15 were exported 

as MapInfo file (.mif). These files were converted into Shapefiles using 

Geoconverter software to open in ArcGIS.  

6. The converted shapefiles with value of space syntax measures were spatially 

joined with the actual, shortest distance and least directional routes by using 

overlay command.  
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Figure 5-15: Angular measures of street segments of case study-areas 

5.6.2.6 Generating BE indicators for actual, shortest geographic distance 

and least directional routes 

Geographic distance of each reported route was derived in ArcGIS by using 

‘calculate geometry’ option. Given that the BE data were collected for each segment 

(except distance and step-depth), they were aggregated for each reported route. The 
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values of respective segment level attributes were averaged based on the number of 

segments forming a route. Table 5-7 presents the summary statistics (mean, standard 

deviation) of all BE variables for reported routes. 

The same process was followed to generate BE indicators for shortest distance 

and least directional routes for route choice analysis, and the summary is presented in 

the respective chapter (Chapter 9). 

Table 5-7: Summary statistics of topological and geographic BE variables included 

in the model  
Variable Name Mean Std. Range 

Distance 539.35 465.99 141.97- 1878.72 

Residential land use 1.89 0.42 1.03- 2.61 

Commercial and retail land use 1.67 0.48 .59- 10.61 

Religious land use 0.08 0.09 0- .43 

Recreational land use 0.14 0.16 0- .75 

Other land use 1.11 0.08 1.02- 1.36 

Vacant land 0.29 0.25 0-.93 

Under construction land use 0.11 0.17 0-.95 

Sidewalk availability 0.15 0.18 0-.78 

Walking environment condition 2.33 0.40 1.21-2.99 

Walking environment obstruction 0.47 0.24 .02-1 

Street width 3.11 0.54 1.61-3.78 

Street connectivity 2.00 0.18 1.36-2.83 

Intersection with traffic measure 0.01 0.03 0-.2 

Traffic composition along the route 3.28 0.52 1.35-4 

Number of trees 1.82 0.49 1.15-2.82 

Building height 1.68 0.38 .75- 2.42 

Visual access 2.04 0.30 .75-2.42 

Angular step-depth 3.35 2.47 .59-10.61 

Angular integration 356.81 92.90 137.4- 438.11 

Angular choice 199058.90 172253.50 11489- 653834 

Angular connectivity 2.56 0.37 1.68 - 3.25 

 Statistical Analysis 

Variables generated and measured in GIS and Depthmap along with 

questionnaire derived were exported into Stata15 for further manipulation and analysis 

to explore the relationship between BE and CIM. Selection of proper research 

approach and suitable statistical model is essential for the reliability of findings. 

• Research type   

Based on the research demand, this study adopted correlational research 

approach because correlational research seeks to clarify the pattern of relationships 

between two or more variables (i.e., factors involved in the circumstances) (Groat & 

Wang, 2013). Unlike experimental research, where a variable is purposefully 
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manipulated by the researcher, correlation research tends to explore the naturally 

occurring relationships among variables. Groat and Wang (2013) suggest that this type 

of research is appropriate in the circumstances where variables cannot be manipulated 

either for a practical reason or ethical reasons. As this study aims to establish a 

relationship between naturally occurring variables like CIM and BE in their natural 

settings, with no possibilities of manipulation both for practical and ethical reasons, a 

correlation analysis well suits this study.  

• Analysis type 

Table 5-8 outlines the analytical models chosen to answer Research Question 3, 

4, 5 and 6. The selection of analytical model varied with the character of the data types 

of different outcome variables. The data types of all of the outcome variables are 

different from each other, ranging from scale to binary, fraction to conditional. Based 

on the outcome variable, four statistical models were developed in this research to 

analyse the impact of BE on CIM statistically. These models are: 

• Binary Logistic Regression model 

• OLS (Ordinary Least squares) Regression model  

• Fractional Regression 

• Poisson Regression 

Table 5-8: Selection of statistical analytical model  
Outcome variable Indicator Data type Analytical model 

Likelihood of CIM 

trips  

Accompaniment status of a 

journey to a particular 

destination (independent or 

not) 

Binary Binary Logistic 

Regression  

Territorial Range 

(TR) 

Furthest distance travelled 

independently (metre)  

Scale OLS (Ordinary Least 

squares) Multiple 

Linear Regression  

The proportion of 

CIM 

Proportion of independent 

trips  

Frequency Fractional Regression 

Route choice for 

CIM 

Route choice behaviour for 

CIM  

Conditional Conditional Logistic 

Regression 

 

The binary logistic regression model is suitable for the outcome variable that 

deals with only two types of discrete categories or binary outcomes (e.g., yes or no). 

This model analyses the relationship through the application of binary logistic 

regression. In this research, the accompaniment status of travel (independent or not) 

was analysed by a binary logit model. 
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Ordinary Least squares (OLS) regression model is suitable for the outcome 

variables that include unknown parameters (e.g., travel distance). This model uses 

linear regression.  

The fractional regression model is advised for outcomes such as proportions, rate 

and fractional data. In addition, the fractional model fits for a dependent variable that 

is greater than 0 or equal to 0 and less than or equal to 1. In this research, the proportion 

of independent trip was analysed by a fractional regression model. 

The conditional logit was applied to estimate route choice for CIM. Conditional 

logit model was used because unlike, binary or multinominal logit model that explains 

the route as an outcome of individuals, conditional logit model treats a choice among 

alternative as a function of characteristics of the alternatives. Moreover, the reported, 

shortest distance and least directional routes were also not independent within children.  

For convenience, consistency and relevance, these analytical methods are 

discussed in respective chapters with further explanations.  

5.7  ETHICS AND LIMITATIONS 

The data collection method applied in this research was approved by the QUT 

Human Research Ethics Committee. The QUT Ethics approval number is 

1700000505. 

5.8 CHAPTER SUMMARY  

This chapter has provided a detailed discussion of the research design for the 

empirical part of this research. This chapter also discusses the variables selection based 

on a conceptual framework, data requirement and procedure of data collection to reach 

the objectives set for the empirical part of this research. The data processing and the 

measurement of dependent and independent variables were also outlined in detail in 

this chapter. Also, this chapter provides an overview of a range of analytical methods 

for collecting data including spatial and statistical analysis that were used to model 

CIM and statistical relationship between BE-CIM respectively. Chapters 6 to 9 present 

the results of the empirical part of this research, the next chapter presenting the results 

of the association between BE and likelihood of CIM trips to a specific destination, 

controlling for other factors.
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 The Impact of Built 

Environment on Children 

Independent Mobility between 

Discretionary vs. 

Nondiscretionary Trips 

6.1 INTRODUCTION 

This chapter presents the result of Part 3 (Impact of BE on the likelihood of CIM 

trips, Figure 1-3) which aims to address the first objective of second research question: 

“to investigate the impact of topological and geographic BE factors on the likelihood 

of CIM trip between discretionary and nondiscretionary trips” This chapter focuses on 

the widely applied CIM indicator- the likelihood of CIM trips by measuring it by trip 

accompaniment (independent or not). Three datasets were used in this study: children’s 

accompaniment of trip data; en-route BE data; and socio-demographic data of child 

and parent. Three binary logistic regression models; overall CIM, discretionary CIM 

and nondiscretionary CIM, were estimated and compared in this study to identify 

significant BE factors.  

This chapter is organised into five sections. Section 6.1 provides a brief 

introduction to the current study. Section 6.2 presents the objective of the study and 

justifies how this research would provide new insight into BE-CIM association to 

inform policy formulation and design decision. Section 6.3 outlines the data 

description, including the statistical analysis applied to reach the research objectives. 

The descriptive and analytical results are presented in Section 6.4. Finally, Section 6.5 

summarises the key findings with some conclusive remarks. 

6.2 RATIONALE OF EXAMINING THE LIKELIHOOD OF CIM 

TRIP FOR BE-CIM ASSOCIATION 

The empirical evidence on BE characteristics influencing CIM is on the rise. 

However, the focus has often been only on the geographic dimension of BE ignoring 

the topological dimension. Also, the studies prioritised the nondiscretionary trips over 

the discretionary trips. This study attempts to investigate the impact of topological and 
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geographic BE factors on the likelihood of CIM trip between discretionary and 

nondiscretionary trips. The objective was further elaborated with three sub-objectives: 

(a) to identify different topological and geographic factors that significantly affect the 

likelihood of CIM trip to a particular destination; (b) to check their strength of 

association controlling for a wide range of socio-demographic factors; (c) to test 

whether the effects of these factors vary between discretionary and nondiscretionary 

CIM. This study considered only self-reported CIM to different local destinations as 

this is the most widely applied CIM indicator in the literature (Foster, et al., 2014; 

Sharmin & Kamruzzaman, 2017). CIM can also be conceptualised in other ways, e.g., 

mobility licence (parent’s granted permission for their child) (O'Brien, et al., 2000), 

territorial range (the longest distance travelled independently) (Loebach and Gilliland, 

2014) and independent time outside (maximum time spent outside independently) 

(Monsur, et al., 2017) which were not included in this study. 

6.3  DATA DESCRIPTION  

This part of research required three types of data to address the research 

objectives: a) activity-travel data of children; b) topological and geographic BE data 

that could potentially affect CIM behaviour; and c) socio-demographic data of children 

and parents that might impact CIM decision. The data collection process and 

derivation of BE indicators were already reported in Section 5.5.2 and Section 5.6.1. 

To avoid the duplication of information, the same information is not reported in this 

chapter again.  

 Measurement of CIM 

CIM in this research was measured for each trip reported by each child. Children 

indicated the destinations they visited in their travel diary and the accompaniment of 

their trips. At first, all trips taken by a child to different destinations over the two days 

of survey period were scored; each independent (alone/with friends/with siblings ≤18 

years old) trip was coded as 1 and the dependent trip was coded as 0. The independent 

trips were then subdivided into two groups based on the types of destinations visited: 

discretionary and nondiscretionary. Discretionary CIM trips represent an independent 

visit to any local discretionary destinations, e.g., park, playground, shop, café, friend’s 

home, relative’s home, religious centre, club, library. On the other hand, 
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nondiscretionary CIM trips refer to an independent visit to any nondiscretionary 

destinations; school, coaching and extra-curricular classes over survey days.   

 Statistical Analysis 

A step-by-step analytical strategy was applied in this research. First, correlation 

among the 28 BE variables was tested by conducting a bivariate correlation analysis, 

and variables with high correlation (> 0.7) were identified. The explanatory power of 

the correlated variables was tested individually, and the variables with larger 

explanatory power were retained for further analysis (Zainodin, Noraini, & Yap, 

2011). Table 6-1 represents the correlation coefficient values among the variables. As 

reported in Table 6-1, six variables (i.e., setback, sidewalk width, sidewalk continuity, 

stopover activities, pedestrian volume and physical access) were excluded from the 

analysis. Second, the purposeful selection method of variables as applied by Hosmer 

Jr, Lemeshow, and Sturdivant (2013) was adopted in this research. This method can 

avoid the over-specification problem caused by a large number of explanatory 

variables with a relatively small sample size (Carver, Panter, et al., 2014; Freund, 

2006). As part of the purposeful selection, a series of binary simple (unadjusted) 

logistic regression models were estimated separately for each of the remaining 22 BE 

variables to identify factors having an association with CIM (Table 6-2). A categorical 

variable ‘study-area’ was also included in this step to check whether the contextual 

variations among the areas have any impact on CIM behaviour or not. A study has 

reported that the extent of CIM differs between neighbourhoods with different socio-

demographic and morphological variations (Stark, Frühwirth, & Aschauer, 2018). 

Third, BE variables with significant associations with CIM at the 0.1 level in the 

unadjusted models were entered into an adjusted multiple logistic regression model. 

Fourth, a stepwise exclusion of variables with statistical insignificance was conducted 

to keep only the statistically significant factors in the final model. Cluster-robust (CR) 

inference was considered for all logistic regression models as multiple trips 

(observations) were reported by each child (cluster). By allowing the correlation 

between observations, this inference has the aptitude to correct Standard Error (SE) 

estimation of the model by increasing precision of parameter estimate, B and the 

Confidence Interval (CI) of Bs (Cameron & Miller, 2015). Failure to control for 

within-cluster error correlation can lead to very misleadingly small errors and 

consequent misleadingly narrow confidence intervals, large t-statistics and low p 
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values. Step 2, 3 and 4 were repeated to identify BE variables significantly associated 

with Discretionary and nondiscretionary CIM. All statistical models were run in 

Stata/SE 15.1. 
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Table 6-1: Correlations coefficient among 28 BE variables 

 
*Column numbers represents the corresponding variable serial as shown in the Sl column 

*Italic and highlighted indicate a stronger correlation (value ≥ 0.7) 

Sl Variable Name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

1 Angular connectivity 1                            

2 Angular choice -0.229 1 
                          

3 Angular integration 0.409 0.348 1 
                         

4 Angular step-depth -0.141 -0.082 -0.131 1 
                        

5 Distance  -0.104 -0.071 -0.209 0.638 1 
                       

6 Presence of residential land use 0.344 -0.443 0.124 -0.138 -0.192 1 
                      

7 Presence of commercial and retail 

land use 

-0.370 0.442 -0.109 0.171 -0.064 -0.478 1 
                     

8 Presence of religious land use -0.051 0.019 0.105 -0.162 -0.109 -0.201 0.259 1 
                    

9 Presence of recreational land use 0.029 -0.317 -0.106 -0.222 -0.093 0.132 -0.473 0.092 1 
                   

10 Presence of institutional land use -0.132 0.049 0.002 0.068 0.277 -0.359 0.090 0.235 -0.228 1 
                  

11 Presence of vacant land 0.133 -0.406 -0.313 -0.106 0.254 0.116 -0.671 -0.178 0.358 -0.076 1 
                 

12 Presence of under construction 

land use 

-0.097 -0.158 -0.188 0.081 0.142 0.229 0.062 -0.075 -0.103 -0.022 0.151 1 
                

13 Setback of building -0.201 0.359 0.090 0.141 -0.137 -0.093 0.749 0.094 -0.484 -0.083 -0.729 0.178 1 
               

14 Footpath availability 0.217 0.313 0.653 0.052 -0.001 -0.124 -0.071 0.018 -0.046 0.141 -0.270 -0.190 0.061 1 
              

15 Footpath width 0.059 0.461 0.483 0.072 0.011 -0.102 -0.086 0.015 0.023 0.130 -0.259 -0.199 0.031 0.967 1 
             

16 Footpath continuity 0.198 0.599 0.512 0.047 -0.017 -0.150 -0.030 0.076 -0.038 0.138 -0.312 -0.250 0.066 0.969 0.960 1 
            

17 Footpath condition 0.072 -0.072 -0.456 0.156 0.259 -0.030 -0.014 -0.068 0.021 0.008 0.175 -0.076 -0.190 -0.345 -0.324 -0.304 1 
           

18 Footpath obstruction -0.146 0.174 0.053 0.278 0.063 -0.273 0.589 0.010 -0.352 0.105 -0.370 0.415 0.529 0.112 0.117 0.099 -0.020 1 
          

19 Street width 0.022 -0.256 -0.160 -0.148 -0.436 0.302 -0.026 -0.112 0.038 -0.390 -0.114 -0.053 0.005 -0.378 -0.386 -0.379 -0.225 -0.265 1 
         

20 Street connectivity 0.204 -0.116 0.174 0.001 0.114 -0.036 -0.091 0.067 -0.073 0.176 -0.009 0.092 -0.001 0.160 0.133 0.105 -0.168 0.019 -0.115 1 
        

21 Stopover activities -0.374 0.466 -0.061 0.125 -0.127 -0.279 0.861 0.327 -0.444 0.170 -0.663 0.160 0.731 -0.023 -0.032 0.023 -0.086 0.534 0.037 -0.154 1 
       

22 Intersection with traffic control  0.274 0.173 0.083 0.029 -0.049 -0.003 -0.107 0.079 -0.025 0.197 -0.053 -0.178 -0.223 0.227 0.242 0.291 0.009 -0.070 0.034 0.128 -0.003 1 
      

23 Pedestrian volume -0.312 0.603 0.126 0.116 -0.017 -0.635 0.704 0.286 -0.298 0.406 -0.585 -0.202 0.457 0.245 0.208 0.270 -0.120 0.391 -0.146 -0.047 0.670 0.099 1 
     

24 Traffic composition -0.146 -0.127 -0.064 -0.027 -0.291 0.138 0.005 -0.306 -0.116 -0.444 -0.087 -0.037 0.175 -0.217 -0.250 -0.253 -0.319 -0.068 0.612 -0.174 -0.036 -0.290 -0.106 1 
    

25 Number of trees 0.271 -0.275 -0.194 -0.070 0.229 -0.110 -0.619 0.025 0.471 -0.012 0.655 -0.247 -0.814 0.041 0.076 0.049 0.303 -0.411 -0.197 0.028 -0.663 0.104 -0.370 -0.182 1 
   

26 Building height 0.606 -0.365 0.264 -0.100 -0.232 0.574 -0.156 -0.048 -0.087 -0.121 -0.058 -0.005 -0.048 -0.014 0.019 0.019 0.051 -0.081 0.097 -0.042 -0.069 0.276 -0.335 -0.227 -0.171 1 
  

27 Physical access  0.217 -0.048 0.052 0.006 -0.173 -0.101 0.419 0.082 -0.151 -0.035 -0.210 -0.079 0.224 -0.318 -0.303 -0.299 0.047 0.249 0.162 -0.075 0.229 -0.119 0.197 0.030 -0.244 0.296 1 
 

28 Visual access 0.236 0.046 0.046 -0.009 -0.114 -0.247 0.321 0.075 -0.140 -0.002 -0.085 -0.146 0.076 -0.176 -0.183 -0.149 0.042 0.223 0.052 -0.001 0.107 -0.036 0.198 0.022 -0.051 0.229 0.907 1 

 



 

148 Chapter 6: The Impact of Built Environment on Children Independent Mobility between Discretionary vs. 

Nondiscretionary Trips 

Table 6-2: Odds of individual explanatory variables in bivariate unadjusted model for 

overall CIM, Discretionary CIM and Nondiscretionary CIM 

 

Variables Overall CIM Discretionary CIM Nondiscretionary CIM  

  Odds 

Ratio 

95% CI Odds 

Ratio 

95% CI Odds 

Ratio 

95% CI 

Angular step depth 0.877*** .801    .959 0.927 .817    1.051 0.897** .793   1.014 

Angular integration 0.996***  .995   .999 0.996** .981     .999 0.998 .995    1.000 

Angular choice 1.000  .999    

1.000 

1.000  .999     1.000 1.000 .999   1.000 

Angular 

connectivity 

0.364*** .204    .694 0.518  .240    1.18 0.233*** .094    .521 

Distance 0.998*** .998    .999 0.999** .998    1.000 0.998*** .998    .999 

Residential land use 1.089  .638    

1.859 

1.346 .632    2.867 0.694 .340    1.416 

Commercial and 

retail land use 

1.027 .655     

1.609 

0.603* .332    1.095 1.521* .832    2.779 

Institutional land 

use 

0.011*** .001    .1871 0.051* .001     2.284 0.015** .000    .760 

Religious land use 0.211 .019    2.334 0.118* .006     2.217 0.224 .007   6.728 

Recreational land 

use 

12.055*** 2.382    

61.014 

13.564** 1.190    

154.502 

5.307 .296     

94.998 

Vacant land 1.111 .453    2.725 3.140* .803     12.271 0.512 .160    1.635 

Under construction 

land use 

0.679 .198    2.330 0.286*  .050   1.619 1.258 .274     5.776 

Sidewalk 

availability 

0.274** .090    .828 0.221* .035    1.386 0.575 .151    2.176 

Sidewalk condition 0.986 .587   1.656 1.164 .631    2.146 0.881 .375   2.068 

Sidewalk 

obstruction 

0.573 .222    1.477 0.162*** .041    .636 2.391 .579   9.871 

Street width 1.859*** 1.22   2.834 1.980** 1.093   3.586 1.507 .804   2.825 

Street connectivity 0.095** .015    .597 0.267***  .120    .594 0.001*** .000    .036 

Intersection with 

traffic control 

measure 

0.034 .000    

80.105 

0.003 .000    78.838 1.289 .000    

4178.598 

Traffic composition 

along the route 

1.971***  1.23    

3.135 

1.940** 1.083    3.473 2.005** 1.061    3.787 

Number of trees 0.906 .557    1.472 1.570* .834    2.955 0.636* .326    1.239 

Building height 0.524** .295    .929 0.403  .160   1.014 0.493** .241   1.008 

Visual access 0.682 .333    1.398 0.811 .284    2.318 0.368**  .127    1.064 

Study-area       

1 Ref - Ref - Ref - 

2 1.849** .927    3.688 1.770 .624    5.021 2.135**  .941    4.844 

3 2.107**  1.178     

3.767 

2.318 .823    6.528 2.057** 1.038    4.075 

4 0.521** .260    1.044 0.317** .119    .844 0.740 .263    2.079 

*  Significant at the 0.10 level 

**  Significant at the 0.05 level  

***  Significant at the 0.01 level 
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6.4 RESULTS 

 Descriptive Results 

Descriptive characteristics of the sample and their extent to CIM trips are already 

presented in Table 5-5. To avoid any duplication, the same information is not repeated 

here.  

Briefly, of the 151 children, 53% are girls and 47% are boys with a mean age of the 

children 12.25 years. Majority of the children did not own a cycle (62.9%), had many 

friends (70%) and known people (74.2%) in the neighbourhood. 55% of the children 

reported having 1 sibling ≤ 18 years old. Roughly, 73% of children are from a family 

that had a monthly income up to taka 50,000 ($625), owned no motorised vehicle and 

been living in the current address for 8.97 years (mean). 151 children reported total 

466 trips to 14 different local destinations with an almost equal number of trips to both 

nondiscretionary (53.2%) and discretionary destinations (46.8%). 70.2% of reported 

trips were made independently. Children made more independent trips on weekdays 

(70.2%) compared to weekends (29.4%). This could have resulted from the presence 

of school trips only on weekdays. The analysis shows that a majority of 

nondiscretionary independent trips were made on a weekday (87.7%). 

Figure 6-1 shows children’s status of independent mobility to different locations. 

A further subcategory of discretionary and nondiscretionary destinations displays that 

school is the most frequently visited destination for CIM (26%) followed by coaching 

(20.8%). On the other hand, among all discretionary destinations, park is the most 

popular discretionary destination to visit independently both on weekdays and 

weekends (18.3%) followed by shop (14.1%) and Mosque (7.6%).   
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Figure 6-1: Frequency of independently visited discretionary and nondiscretionary 

destinations 

 The extent of overall CIM in relation to topological and geographic BE 

Table 6-3 shows the estimated parameters of the binary logistic regression model 

for overall CIM. The Wald Chi2 statistic for the overall CIM model is 55.8 with 8 df, 

which are well above the critical value for the statistical significance at the 5% level 

of significance. The pseudo-R² value of 0.169 for this model also indicates a 

reasonable level of fit with an explanation of 16.9% variance of the response data. As 

reported in Table 6-3, four BE variables are significant predictors of CIM: two of them 

are topological BE indicators including angular step-depth and angular integration, and 

the rest are geographic BE indicators including recreational land-use and traffic 

composition on the way to destinations. While space syntax indicators have negative 

associations with CIM, the corresponding relationship is positive for geographic 

variables. In terms of the magnitude of these associations, angular integration and 

recreational land-use along the route show the strongest negative and positive impact 

on CIM, respectively. The odds ratio for the angular step-depth suggests that one unit 

increase of angular step-depth (i.e., a 90° change in direction/1 turn) is associated with 

a 10.4% decrease in the likelihood of CIM trip. In other words, the likelihood of an 

independent trip decreases by 10.4% with an additional turn to destination. Similarly, 

a one unit increase of integration reduces the odds of making an independent trip by 

1%. Results of geographic variables, on the other hand, shows that the odds of making 
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an independent trip is 12.1 times higher if recreational land-uses are present along 

walking routes. Similarly, low traffic speed along the route has been found to increase 

the odds of making a CIM trip by 2.4 times. 

For overall CIM, girls are 52.5% less likely to take an independent trip than boys, 

however, with the increase of child’s age by one year, CIM is likely to increase by 

39.3%. Increase of number of siblings less than 18 years old also increases the 

likelihood of a CIM trip by 87.5%. In contrast, overall CIM is likely to drop by 44.1% 

with an increased number of motorised vehicles owned by family. 

 BE factors affecting CIM trips to discretionary and nondiscretionary 

destinations 

This section articulates results on the comparative analysis between 

discretionary and nondiscretionary CIM. As reported in Table 6-3, the predictors of 

CIM are different for discretionary and nondiscretionary trips. The Wald Chi2 values 

of the discretionary CIM and nondiscretionary CIM models are respectively 20.78 and 

45.63. Both of the Chi2 statistics are well above the critical values for statistical 

significance at the 5% level of significance, suggesting that both models have 

sufficient explanatory power. 

The statistically significant predictors of discretionary CIM trips include angular 

integration, recreational land-use and traffic composition along the route. While the 

angular integration has a negative association, the other two BE variables such as 

recreational land use and traffic composition have positive associations with 

discretionary CIM. Results suggest that a one unit increase of angular integration 

decreases the odds of CIM to discretionary destinations by 1%. In contrast, the 

presence of recreational land-use along the route increases the odds by 18.4 times for 

a discretionary trip to be independent. The increase in low-speed non-motorised traffic 

by one unit increases the odds of discretionary CIM trip by 3.3 times. Among the socio-

demographic variables, the odds of discretionary CIM trip increases by 75.1% for a 

child having an additional sibling ≤ 18 years old.  

As reported in Table 6-3, the significant predictors for nondiscretionary CIM 

trips include three BE variables and four socio-demographic variables. Three 

significant BE variables are angular depth, institutional land-use and angular 

connectivity. An additional unit of step-depth between origin and destination is 

associated with a 21.8% reduction in the odds of taking a nondiscretionary CIM trip. 
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The increase in angular connectivity and presence of institutional land-use along the 

route decrease odds of nondiscretionary CIM trips by 83.2% and 99.9%, respectively. 

Four significant socio-demographic variables are gender, age, number of siblings ≤ 18 

years old and family’s ownership of motorised vehicles. Results suggest that girls are 

55.7% less likely to take an independent nondiscretionary trip. The odds of 

independent nondiscretionary trip increases by 72.7% for a one year increase in child’s 

age. Interestingly, the odds of independent nondiscretionary trip increases by 2.14 

times for a child having an additional sibling ≤ 18 years old. On the other hand, one 

unit increase in the number of motorised vehicles owned by a child’s family decreases 

the odds of independent nondiscretionary trip by 55%
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Table 6-3: Binary logistic regression analysis model of overall CIM, discretionary CIM and nondiscretionary CIM 

 

Variable Name  

  

Overall CIM Discretionary CIM Non-discretionary CIM 

Odds 

Ratio 

Std. 

Err. 

z P>|z| 95% CI Odds 

Ratio 

Std. 

Err. 

z P>|z| 95% CI Odds 

Ratio 

Std. 

Err. 

z P>|z| 95% CI 

Angular step-depth 0.896 0.043 -2.28 0.023 0.816    0.985 - - - - - 0.786 0.061 -3.08 0.002 0.675    0.916 

Angular integration 0.996 0.001 -2.66 0.008 0.994    0.999 0.995 0.002 -2.65 0.008 0.991    0.999 - - - - - 

Angular connectivity - - - - - - - - - - 0.168 0.086 -3.47 0.001 0.062    0.460 

Recreational land use 12.153 12.057 2.52 0.012 1.739    84.946 18.451 22.775 2.36 0.018 1.642    
207.343 

- - - - - 

Institutional land use - - - - - - - - - - 0.001 0.001 -3.74 0.001 0.000    0.017 

Traffic composition 
along the route 

2.462 0.581 3.82 0.001 1.551    1.909 3.349 1.157 3.5 0.001 1.702    6.593 - - - - - 

Gender (Female=1, 

Male= 0) 

0.475 0.121 -2.92 0.003 0.288    0.782 - - - - - 0.443 0.148 -2.43 0.015 0.230    0.854 

Age 1.393 0.120 3.84 0.001 1.176    1.649 - - - - - 1.727 0.224 4.22 0.001 1.340    2.226 

Number of siblings ≤ 18 

years old 

1.875 0.370 3.19 0.001 1.274    2.759 1.751 0.451 2.17 0.030 1.056    2.901 2.147 0.605 2.71 0.007 1.235    3.731 

Number of Motorised 

vehicles  

0.559 0.148 -2.19 0.028 0.332    0.940 - - - - - 0.450 0.150 -2.4 0.016 0.235    0.864 

Cons 0.005 0.008 -3.32 0.001 0.000    0.111 0.114 0.157 -1.57 0.116 0.008    1.705 5385.166 19064 2.43 0.015 5.222    

5553080 

Log pseudo-likelihood    -235.751     -96.678     -124.152  

Prob > chi2    0.001     0.0001     0.001  

Wald chi2      55.8     20.78     45.63 
 

Pseudo R2    0.169     0.127     0.245 
 

N    466     217     248   
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6.5 CHAPTER SUMMARY  

While the empirical evidence bases on BE characteristics influencing CIM is 

expanding, the focus has often been only on the geographic dimension of BE ignoring 

the topological dimension. This study attempted to examine the effects of a wide range 

of topological and geographic BE indicators on the likelihood of CIM trips. Another 

goal of this investigation was to broaden the knowledge beyond school trips and 

distinguish the effects between discretionary and nondiscretionary CIM trips. This 

knowledge is needed for effective BE interventions aiming to encourage children to 

be more independent. The study addresses the objectives using self-reported two-day 

mobility data of 151 children aged 10-14 years from Dhaka, Bangladesh. Geographic 

BE data (e.g., land uses, street width, building height) were collected through a virtual 

BE audit following each route, and the topological BE data (i.e., angular step-depth, 

angular connectivity, angular integration, angular choice) were derived in Depthmap 

X. This study considered only self-reported CIM to different local destinations as this 

is the most widely applied CIM indicators in the literature. CIM was measured in a 

binary scale by checking whether the reported trips were taken independently or not. 

Three binary logistic regression models (an overall model; a discretionary trip model; 

and a nondiscretionary trip model) were estimated to determine the effects of 

topological and geographic BE on CIM, controlling for other confounding effects. The 

findings demonstrate that both topological and geographic BE affect CIM. However, 

they affect discretionary and nondiscretionary CIM differently – e.g., angular step-

depth, angular connectivity and presence of institutional land use affect only 

nondiscretionary CIM, whereas angular integration, recreational land use and traffic 

composition affect only discretionary CIM. The findings highlight that geographical 

features need to be considered in tandem with topological features of the BE, stratified 

by destination types, to maximise CIM. 

This chapter identifies how topological and geographic BE affect the likelihood 

of CIM trips. In this chapter, CIM was measured by a trip’s likelihood to be 

independent or not. However, the results do not indicate when a child takes an 

independent trip how far he/she goes independently (referred to as “territorial range”), 

and its correlation with en-route BE features. As a consequence, the next chapter 

(Chapter 7), focuses on this gap and elaborates the impact of geographic and 

topological BE factors on independent territorial range (TR) of children.   
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 Modelling Children’s 

Independent Territorial Range 

(TR) by Discretionary and 

Nondiscretionary Trips: Impact 

of Built Environment and 

Socio-Demographic Factors 

7.1 INTRODUCTION 

This chapter addresses the second objective of the second research question: to 

identify the topological and geographic BE factors that have an impact on territorial 

range (TR), and how the impact varies between discretionary and nondiscretionary 

trips” It aims to investigate various BE factors impacting TR and their variations on 

TR to discretionary and nondiscretionary destinations. This chapter focuses on CIM 

measured by territorial range. Three datasets were used to achieve the objective: 

children’s independent TR data; BE data; and socio-demographic data. Three multiple 

regression models; overall TR, discretionary TR and nondiscretionary TR, were 

estimated and compared in this study to identify significant BE factors for TR.  

The chapter is structured into five sections. The first section (Section 7.1) gives 

a brief introduction to the study, followed by the rationale and objective of the study 

based on the existing gaps in the BE-TR literature presented in Section 7.2. Section 

7.3 presents a description of data, measurement of TR and the strategies adopted for 

estimating statistical analysis. Descriptive and analytical results are reported in Section 

7.4. Finally, Section 7.5 highlights the summary of the findings with concluding 

remarks. 

7.2 RATIONALE OF SELECTING TERRITORIAL RANGE FOR BE-

CIM ASSOCIATION  

CIM has been conceptualized and measured in various ways in literature, such 

as territorial range (TR) - maximum distance (geographic) that children travelled 

independently from home to different places, mobility licence - parental permission to 

go somewhere, independent time spent outside, and whether a particular destination is 
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visited independently or not. Among these, TR is the earliest, most easily 

understandable and established measure (Van Vliet, 1983). Territorial range (TR) can 

also be described as a ‘transforming mechanism through which children interact with 

and learn about their local environment’ (Spilsbury, 2005, 81). It is a key to a child’s 

physical, social and cognitive development, including the acquisition of 

mapping/spatial skills (Connolly & Bruner, 1974). 

Considering the importance attached to TR, shrinkage of it has been identified 

as a major visible transformation among children worldwide over the last few decades. 

In Australia, for example, 32% of children aged 8-12 years walk or cycle 

independently less than 100m from home (Veitch, et al., 2008). On the other hand, in 

England, 35% of 7-11 years old children are allowed to travel 500m independently 

from home (Shaw, et al., 2013). More than 20 years ago, a UK study highlighted the 

dramatic loss in child’s independent TR from 10 km in 1919 to 300m in 1990 (Hillman, 

et al., 1990). Concomitantly, shrinkage of activity spaces (the maximum area travelled 

by children from home for school and non-school activities during a day as defined by 

Spilsbury (2005)) of children has also been evident. A recent study in Canada reported 

that 15% of 9-13 years old children did not venture more than 200m from their home 

independently (Loebach & Gilliland, 2014). Shrinkage of TR is greater for children 

living in urban environments compared to that of in rural/suburban areas (Carver, 

Panter, et al., 2014; Van Vliet, 1983).  

Despite the alarming rate of shrinkage of TR reported worldwide, a recent meta-

analysis on CIM revealed that TR is the least examined CIM measure. This study 

reported that only 12% of CIM studies focused on TR while 47% of studies focused 

on whether a trip was independent or not and 23% of studies focused on mobility 

licence (Sharmin & Kamruzzaman, 2017). This disparity points to the need for more 

TR studies for better understanding and correct policy implementation.  

This part of research seeks to contribute to knowledge about TR, accounting for 

an array of BE attributes, including topological and geographic attributes, and socio-

demographic factors of children and parents. The objective of this study is twofold: 

(1) to derive TRs for discretionary and nondiscretionary activities, and check their 

variation from the overall TR; (2) to investigate if the discretionary and 

nondiscretionary TRs are affected by confounding BE and socio-demographic factors. 
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7.3  DATA DESCRIPTION 

This part of research required three types of data to address the research 

objectives: a) activity-travel data of children; b) topological and geographic BE data 

that could potentially affect CIM behaviour; and c) socio-demographic data of children 

and parents that might impact CIM decision. The data collection process and 

derivation of BE indicators were already reported in Section 5.5.2 and Section 5.6.1. 

To avoid the duplication of information, the same information is not reported in this 

chapter again.  

This study included only independently mobile children who had reported at 

least one independent trip during the two-days of survey. Table 7-1 presents the 

summary statistics of participants’ socio-demographic factors. Overall, 130 (86% of 

the original sample) children out of 151 reported at least one independent trip. The 

mean age of children was reported as 12.38 years. The proportion of boys and girls 

were equal. Majority of children reported owning no cycle (63.1%). 73.1% and 78.5% 

of children respectively reported having lots of friends and known people in their 

neighbourhood. Most households (45.4%) had an income of taka 26,000-50,000 

($325-$625) and no access to motorised vehicles (mean=0.25, range=0-3). Moms 

(84.6%) and dads (56.9%) mostly aged between 30-45 years. The majority of moms 

had a higher education of class 12 (36.2%). On the other hand, about 39.2% of dads 

had a bachelor/master’s degree. 

Table 7-1: Summary statistics of socio-demographic variables included in this study 
Variables Name Frequency % Mean SD 

Child demography and social factors 

Gender         

Boy 65 50.0 - - 

Girls 65 50.0 - - 

Age - - 12.38 1.39 

Number of siblings - - 0.91 0.71 

Ownership of cycle         

Yes 48 36.9 - - 

No 82 63.1 - - 

I have lots of friends in neighbourhood         

Yes 95 73.1 - - 

No 35 26.9 - - 

I know lots of people in neighbourhood         

Yes 102 78.5     

No 28 21.5     

I love to walk/cycle around neighbourhood          

Yes 111 85.4     

No 19 14.6     
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Family demography 

Duration (in year) in current Neighbourhood - - 9.23 7.69 

Family income (in Taka)         

Less than 25,000 ($324 USD) 41 31.5 - - 

26,000-50,000 ($325-$625) 59 45.4 - - 

51,000-1,00,000 ($626-$1250) 24 18.5 - - 

More than 1,00,000 (>$1251 USD) 6 4.6 - - 

Number of car/motorbikes in family - - 0.25 0.48 

Age of mom         

<30 13 10.0 - - 

30-45 110 84.6 - - 

>45 7 5.4 - - 

Age of dad         

<30 0 0.0 - - 

30-45 74 56.9 - - 

>45 56 43.1 - - 

Education of mom         

Class 10 or less 40 30.8 - - 

Class12 47 36.2 - - 

Bachelor/Honours 25 19.2 - - 

Masters/ HDR 18 13.8 - - 

Education of dad         

Class 10 13 10.0 - - 

Class12 28 21.5 - - 

Bachelor/Honours 51 39.2 - - 

Masters/ HDR 39 30.0 - - 

Masters/ HDR 39 30.0 - - 

 

 Measurement of TR  

Moore and Young (1978) proposed three levels of involvement for TR named 

‘habitual’, ‘frequented’ and ‘occasional’. Habitual range includes close to home 

behaviour, which begins to develop in early childhood. Frequented range reflects the 

temporal flexibility of weekend and vacation periods and occasional range relates to 

exotic destinations beyond the frequented range that are an experiential opportunity 

for some children. This study was particularly focussed on habitual TR during two 

days of the survey period. TR in this study was defined as the maximum distance 

children travelled to specific destinations without adult’s supervision regardless of 

their mode of transportation.  

In the travel diary, children reported the places they visited and accompaniment 

of each trip. A dichotomous measure of independent mobility was defined to indicate 

whether children travelled independently or not. A value of one was assigned for trips 

without adult accompaniment and a value of zero was assigned for trips with adult 

accompaniment. The independent trips were then separated and stratified into 
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discretionary and nondiscretionary trips based on the destination type to calculate the 

TR. Discretionary trips included a wide range of destination including park/ 

playground, shop, religious centre (mosque/church/temple), friend’s house, relative’s 

house, library, club, café and cycling/walking those were optional for children to 

attend. On the other hand, nondiscretionary trips included school, coaching and other 

extra-curricular activities that were mandatory to attend regularly. As per the definition 

of TR, it expresses the furthest distance children travelled independently. TR was 

measured for three types of trips in this study: i) for all independent trips regardless of 

the type of destinations named as ‘overall TR’; ii) for discretionary independent trips 

only named as ‘discretionary TR’; and iii) for nondiscretionary trips only named as 

‘nondiscretionary TR’. At first, the independent range of each reported trip was 

calculated by network distance in ArcGIS. Figure 1 shows the reported route of a child 

starting from his/her home to school, friend’s house and mosque based on which trip 

ranges were calculated. In most of the cases, students reported multiple trips ranging 

from two to four in two days of survey. By comparing multiple trip ranges reported by 

each student, the independent TR (furthest trip distance travelled independently) of 

each child was then selected for overall trips, discretionary and nondiscretionary trips.  
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Figure 7-1: Reported trips of a child from home to different local destinations 

 Statistical Analysis 

Analyses were conducted using Stata/SE 15.1. Participants with complete and 

valid independent travel data (n=130 sample units, where one unit=one child and one 

parent) were included in the analysis. Linear regression analyses were performed to 

examine how en-route BE attributes and socio-demography of children and parents 

were associated with TR. At first, a correlation analysis was conducted to check the 

correlations between distance and depth. As previously in chapter 6, it was found that 

these two variables were highly correlated. The result shows that distance and depth 

are correlated with a lower value (0.3) for TR. Then another correlation analysis was 

conducted to check the correlations among the 27 BE variables including depth. Based 

on the results, six variables with a higher correlation value (value > 0.7) (i.e., setback, 

sidewalk width, sidewalk continuity, stopover activities, pedestrian volume and 

physical access) were excluded from this study. Regression analyses with remaining 

21 BE variables were then conducted in two-steps. First, a series of bivariate linear 

regression analyses examined cross-sectional associations between each explanatory 
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variable (BE and socio-demographic variables) and the TR to overall, discretionary 

and nondiscretionary destinations separately. Second, significant variables (p < 0.1) 

for overall, discretionary and nondiscretionary TR were entered into the respective 

adjusted multiple linear regression models. The parsimonious models were developed 

by deleting insignificant variables from the model. Also, the parameters were 

estimated keeping all other variables at the mean and holding them constant or “ceretis 

paribus”.
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Table 7-2: Correlations coefficient among 26 BE variables 

  

*   Number of columns represents the corresponding variable serial 

** Bold and Italic indicates higher correlation values  

Variable Name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

1 Angular step-depth 1

2 Angular connectivity -0.30 1

3 Angular choice 0.06 -0.15 1

4 Angular integration -0.24 0.54 0.33 1

5 Residential land use -0.16 0.35 -0.47 0.18 1

6

Commercial and retail land 

use 0.27 -0.32 0.37 -0.14 -0.45 1

7 Institutional land use -0.08 -0.18 0.10 0.23 -0.32 0.06 1

8 Religious land use -0.24 -0.04 0.03 -0.14 -0.18 0.27 0.17 1

9 Recreational land use -0.13 0.09 -0.26 -0.06 0.17 -0.48 -0.26 0.14 1

10 Vacant land -0.18 0.05 -0.35 -0.31 0.01 -0.67 -0.88 -0.16 0.33 1

11 Under construction land -0.01 -0.11 -0.22 -0.20 0.20 0.10 -0.03 -0.19 -0.14 0.21 1

12 Setback 0.26 -0.27 0.51 0.25 -0.13 0.73 -0.17 0.01 -0.54 -0.71 0.17 1

13 Sidewalk availability -0.07 0.23 0.39 0.71 -0.08 -0.08 0.04 0.01 0.14 -0.36 -0.32 0.14 1

14 Sidewalk width 0.01 0.21 0.31 0.60 -0.05 -0.08 0.03 0.06 0.26 -0.32 -0.29 0.08 0.97 1

15 Sidewalk continuity -0.05 0.26 0.37 0.68 -0.09 -0.04 0.05 0.60 0.18 -0.39 -0.37 0.12 0.98 0.96 1

16

Walking environment 

condition 0.21 0.09 -0.12 -0.44 -0.04 0.03 0.16 0.09 0.01 0.16 -0.11 -0.26 -0.41 -0.41 -0.36 1

17

Walking environment 

obstruction 0.28 -0.08 0.13 -0.06 -0.19 0.60 0.06 0.11 -0.25 -0.34 0.51 0.57 0.06 0.81 0.04 0.06 1

18 Street width 0.00 0.21 -0.17 -0.11 0.31 -0.08 -0.30 -0.02 -0.15 0.26 0.03 0.09 -0.28 -0.34 -0.29 -0.21 -0.15 1

19 Street connectivity -0.16 0.18 0.12 0.17 -0.02 -0.09 0.26 -0.04 -0.12 0.02 0.13 0.05 0.11 0.73 0.04 -0.13 0.04 -0.08 1

20 Stopover activities 0.29 -0.32 0.27 -0.09 -0.28 0.89 0.09 0.35 -0.45 -0.68 0.17 0.71 -0.02 -0.18 0.01 -0.11 0.59 0.15 -0.16 1

21

Intersection with traffic 

control measure -0.04 0.37 0.24 0.10 0.08 -0.15 0.21 0.07 -0.01 0.06 -0.22 -0.29 0.18 0.23 0.23 0.07 -0.14 0.12 0.11 -0.05 1

22 Traffic composition 0.11 -0.19 -0.24 0.04 0.07 0.06 -0.52 -0.32 -0.27 0.10 0.04 0.31 -0.17 -0.31 -0.21 -0.29 0.02 0.52 -0.24 -0.02 -0.28 1

23 Pedestrian volume 0.22 -0.21 0.52 0.07 -0.65 0.71 0.31 0.34 -0.31 -0.57 -0.31 0.45 0.26 0.23 0.29 -0.04 0.33 -0.01 -0.04 0.68 0.06 -0.01 1

24 Number of tree shades -0.12 0.19 -0.16 -0.15 -0.16 -0.61 -0.02 0.04 0.56 0.64 -0.30 -0.76 0.07 0.13 0.09 0.27 -0.40 -0.38 0.04 -0.65 0.14 -0.20 -0.28 1

25 Building height -0.20 0.63 -0.46 0.31 0.60 -0.15 -0.01 0.02 -0.03 0.11 0.01 -0.14 0.01 0.44 -0.05 0.01 -0.03 0.15 -0.01 -0.08 0.39 -0.28 -0.31 -0.20 1

26 Physical access -0.02 0.27 -0.30 -0.12 -0.04 0.39 -0.07 0.09 -0.11 -0.20 0.05 0.11 -0.36 -0.31 -0.34 0.07 0.20 0.29 -0.01 0.21 -0.01 0.05 0.09 -0.28 0.45 1

27 Visual access -0.12 0.39 0.27 0.01 -0.13 0.23 -0.03 0.08 -0.08 0.02 -0.03 -0.02 -0.27 -0.34 -0.24 0.07 0.12 0.11 0.11 0.06 0.08 0.07 0.05 -0.04 0.38 0.89 1
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7.4 RESULTS: DESCRIPTIVE AND STATISTICAL 

 TR to Different Destinations 

A descriptive summary of trip information and TR are shown in Table 7-3. 

Among 466 total trips, 70% of trips were independent. A total of 130 independently 

mobile children made 327 trips to various local destinations, among which more than 

half of the trips (52.9%) were discretionary trips. Discretionary trip number per child 

is 1.77 (173 trips made by 98 independent children) whereas it is 1.43 (154 trips made 

by 107 independent children) for nondiscretionary trips. Despite the dominance of the 

number of reported discretionary trips, more children were independently mobile to 

nondiscretionary destinations. Among 130 independently mobile children, 98 reported 

discretionary CIM and 107 reported nondiscretionary CIM. The nondiscretionary TR 

is found to be almost double in length than the discretionary TR. While the mean 

nondiscretionary TR was 664.14(SD= 44.04), the mean range for discretionary was 

397.89m (SD= 32.79). Despite a higher mean value of TRs, the minimum TR for 

discretionary trips was only 38.01m compared to 110.33m for nondiscretionary trips. 

A closer look at the stratified TR revealed that about 75% of children had a TR of 

discretionary trips ranged below 500m whereas only 44% of children had TR of 

nondiscretionary trips ranged below 500m. The discretionary TR is very small 

(<200m) for almost 11% of children (11% of trips), whereas only 2.8% of children had 

nondiscretionary TR ranged less than or equal to 200m. Figure 2 presents the TR of 

various discretionary and nondiscretionary destinations. It is quite clear that school 

was the furthest (2103m) destination for nondiscretionary trips. After leisure 

walk/cycle, among the other discretionary destinations, park was the furthest 

(908.61m) and library (303.68m) was the closest discretionary destination for children. 
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Table 7-3: Descriptive summary of trip information and territorial range 

 
Trip Information Trip 

frequency 

% Mean SD 

Total trip  466 - - - 

Total independent trip 327 100.0 - - 

Discretionary independent trip 173 52.9 - - 

Nondiscretionary independent trip 154 47.1 - - 

Independent trips for territorial range 

(Furthest distance) calculation 

    

Overall trips 130 - - - 

Discretionary trips  98 - - - 

Nondiscretionary trips 107 - - - 

Overall independent territorial range/child 

(number of children= 130) 

- - 664.14 40.09 

Discretionary territorial range/child (number 

of children= 98) 

  397.89 32.79 

≤ 200m trip 11 11.34 - - 

≤ 500m trip 73 75.25 - - 

Nondiscretionary territorial range /child 

(number of children= 107) 

  664.14 44.04 

≤ 200m trip 3 2.80 - - 

≤ 500m trip 48 44.85 - - 

 

 

Figure 7-2: Territorial range to frequently visited discretionary and nondiscretionary 

destinations 

 Factors Affecting Overall, Discretionary and Nondiscretionary TR 

Table 7-4 presents the estimated parameters of the multiple linear regression 

models for overall, discretionary and nondiscretionary TR. The models indicate a 

reasonable level of fit with 55.7%, 69.2% and 44.1% explained variation in child’s 
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overall, discretionary and nondiscretionary TR. The F-tests, as reported in Table 7-4, 

suggest that each model has sufficient explanatory power compared to a null model. 

The findings from these models are discussed below: 

7.4.2.1 Effects of built-environment attributes on TR 

The TR of children is found to be highly associated with en-route BE attributes. 

The influence of BE predictors is different for overall, discretionary and 

nondiscretionary ranges due to the varying nature of these trips. 

Among the five significant BE attributes for overall TR, two belong to 

topological BE, and the rest of the BE factors belong to geographical BE. The 

significant topological BE factors are angular step-depth and angular integration. On 

the other hand, the significant geographical BE factors are the presence of residential 

land use, walking environment condition and number of tree shades along the routes. 

Angular step-depth, walking environment condition and number of trees along the 

route have positive associations, and the residential land use and angular integration 

have negative associations. While number of trees predicts the largest positive impact 

on overall TR, angular step-depth holds the smallest positive impact. On the other 

hand, residential land use has the largest negative impact on TR while angular 

integration has the smallest negative impact. In particular, overall TR increases by 

370.87m if number of trees along the routes increases by one level from ‘none/few’ to 

‘some’ or ‘some’ to ‘many/dense’. Similarly, one unit increase in quality of walking 

environment condition (from ‘poor’ to ‘moderate’ or ‘moderate’ to ‘good’) and 

angular step depth (1 turn/ 90º change) respectively increase overall TR regardless of 

destination type by167.71m and 65.74m. In contrast, the overall TR decreases by 

174.18m and 0.77m if residential land use increases by one level from ‘none’ to ‘few’ 

or ‘few’ to ‘a lot’ and angular integration increases by 1 unit.  

For discretionary TR, angular step-depth, presence of under-construction land 

and sidewalk availability are significant predictors. Unlike overall TR, all significant 

predictors show only positive influences on TR. The largest impact was reported by 

sidewalk availability factor while the smallest was by angular step-depth. Similar to 

overall range, angular step-depth presents positive influence. In other words, the 

discretionary TR extends by 316.39 if sidewalk is available on the way to destination 

and by 274m if under construction land was present along the route. Similarly, one 

level increase of angular step-depth results in 86.97m extension of discretionary TR. 
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Among four significant predictors for nondiscretionary TR, angular integration, 

walking environment obstruction, and building height are negatively associated, and 

angular step-depth is positively associated with nondiscretionary TR. Walking 

environment obstruction has been found to have the largest impact and the angular 

integration has been found to have the smallest impact. For instance, when a route has 

walking obstructions like garbage, poles the nondiscretionary range experiences a drop 

of568.78m. Similarly, if building height along the route raises by one level (within 

level ‘1- 3 storey’, ‘3-6 storey’, and ‘more than 6 stories’), the nondiscretionary range 

shrinks by 219.56m. Likewise, one unit increase in angular integration shrinks the 

range by 1.52m. On the other hand, while angular step-depth increase by 1 unit (1 turn/ 

90 º change), nondiscretionary range expands by 86.97m. 

 Effects of Socio-demography on TR 

Girls have a somewhat smaller size of TR than boys, regardless of the types of 

destinations they accessed. Girls in comparison to boys travel 141.22m and 152.16m 

less for discretionary and nondiscretionary trips respectively. The socio-demographic 

factors of parents show differential effects on children’s independent TR. Dad’s 

highest education (masters) increases discretionary TR of children by 129.27m. On the 

contrary, with the increase of dad’s age, TR decreases, as children reported to travel 

175.09m less to nondiscretionary destinations when dad is >45 years old. 
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Table 7-4: Linear regression models of overall, discretionary and nondiscretionary territorial range 
Explanatory Variables  Overall territorial range Discretionary territorial range Nondiscretionary territorial range 

Coef. Std. 

Err. 

t P>|t| 95% CI Coef. Std. 

Err. 

t P>|t| 95% CI Coef. Std. 

Err. 

t P>|t| 95% CI 

Angular step-depth 65.74 11.48 5.72 0.001 43.01    88.48  86.97 7.29 11.9

2 

0.001 72.48    101.45 43.89 16.32 2.69 0.008 11.51    76.26 

Angular integration -0.77 0.35 -

2.19 

0.003 -1.47     -0.08 - - - - - -1.52 0.39 -

3.90 

0.001 -2.30    -0.75 

Residential land use -174.18 75.23 -
2.32 

0.022 -323.11     -25.25 - - - - - - - - - - 

Under construction land 

use  

- - - -  

- 

274.84 107.7

8 

2.55 0.012 60.77    488.90 - - - - - 

Sidewalk availability - - - - -  316.39 107.2
4 

2.95 0.004 103.39    529.38 - - - - - 

Walking environment 

condition 

167.71 82.58 2.03 0.044 4.24     331.17 - - - - - - - - - - 

Walking environment 
obstruction 

- - - - - - - - - - -568.78 159.37 -
3.57 

0.001 -884.97    -252.59 

Building height - - - - -  - - - - - -219.56 90.34 -

2.43 

0.017 -398.79    -40.33 

Number of tree shades 370.87 68.11 5.45 0.001 236.06     505.68 - - - - - - - - - - 

Gender (Ref= girl) -223.12 57.32 -

3.89 

0.001 -336.58     -109.7 -141.22 38.93 -3.63 0.001 -218.55    -63.89 -152.16 70.03 -

2.17 

0.032 -291.10    -13.22 

Highest education of 
father (Masters) 

- - - - - 129.27 41.93 3.08 0.003 46.00    212.53 - - - - - 

Age of dad (>45) - - - - -  - - - - - -175.09 70.46 -
2.48 

0.015 -314.88    -35.30 

Cons 23.04 310.34 0.07 0.941 -591.27     637.36 102.79 37.00 2.78 0.007 29.31    176.28 1805.54 213.52 8.46 0.001 1381.92    2229.15 

Root MSE   
  

319     
  

184.87 
    

350.83   

Prob > F   
  

0.001     
  

0.001 
    

0.001   

R-squared    
  

0.557     
  

0.692 
    

0.441   

Adjusted R-squared   
  

0.534     
  

0.676 
    

0.407   

df       6         5   

 
    6   

  

N    130     98     107  
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7.5 CHAPTER SUMMARY  

This study is prompted by the global concern of Territorial Range (TR) 

shrinkage. TR is a measure of children’s independent mobility (CIM) behaviour. It is 

derived by the geographical distance from their home to places where they are allowed 

to wander for leisure and utilitarian purposes. Little is known about the potential 

factors responsible for TR shrinkage/expansion. This study examines TR for both 

discretionary and nondiscretionary activities and the extent to which they are 

associated with the various built environment (BE) and socio-demographic factors. 

Researchers broadly represented BE using topological and geographic indicators. 

Despite studies have shown that geographic BE affects TR, little is known about the 

effects of topological BE on TR. This study employed a questionnaire survey with 

travel diary and mapping activities, BE audit and spatial analyses for BE measurement. 

The survey was conducted among 151 children aged 10-14 years in Dhaka, 

Bangladesh. A total of 130 independently mobile children made 327 trips to various 

local destinations, among which more than half of the trips (52.9%) were discretionary. 

After sorting out TR of each child for overall, discretionary and nondiscretionary trips, 

they were compared in between. Results show that children had a longer TR for 

nondiscretionary activities (664.14m) that of for discretionary activities (397.9m). 

Surprisingly, 11% of children never ventured more than 200m from their home to 

discretionary places. TR for discretionary and nondiscretionary activities have 

complex and varied relationships with BE factors. For example, discretionary TR is 

largely explained by angular step-depth, the presence of sidewalk and under 

construction land use. In contrast, nondiscretionary TR is controlled by angular step-

depth, angular integration, walking environment obstruction and higher buildings en-

route. Children’s gender, parent’s age and education level also influence their TR. The 

findings inform measures to be taken to expand TR in an urban environment for both 

discretionary and nondiscretionary activities through effective policymaking, city 

planning, and maintenance of neighbourhood environments. 

This chapter measured CIM by the furthest distance travelled referred to as 

Territorial Range (TR) and explained how the BE factors impact TR. However, this 

chapter does not indicate the extent/proportion of CIM trips taken by children and its 

association with BE factors. As a consequence, the next chapter (Chapter 8) focuses 
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on this gap and elaborates the need for analysing the proportion of CIM and its 

association with BE.  
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 Proportion of Trip-a Measure 

to Understand Children 

Independent Mobility in 

Relation to the Topological and 

Geographic Properties of Built 

Environment 

8.1 1 INTRODUCTION  

This chapter partially answers the second research question by achieving its third 

objective: “to identify if topological and geographic BE impacts the proportion of CIM 

trips and to test the validity of the impacts between discretionary and nondiscretionary 

trips”. Three datasets were used in this part of research: the proportion of CIM data; 

BE data; and socio-demographic data. Three fractional regression models; the 

proportion of overall CIM, the proportion of discretionary CIM and the proportion of 

nondiscretionary CIM were estimated and compared to identify the significant BE 

factors for the proportion of CIM. A Poisson regression model to estimate the count of 

CIM was also estimated and compared with the proportion of overall CIM model to 

examine the differences.  

This chapter is organised into five sections. The first section (Section 8.1) 

provides a brief introduction to this part of the study. Section 8.2 presents the objective 

of the study and justifies how this study would provide new insight into BE-CIM 

association to inform policy formulation and design decision. Section 8.3 presents data 

description including measurement of the proportion of CIM trips for all, discretionary 

trips and nondiscretionary trips, and the statistical analysis of data. Section 8.4 reports 

descriptive and analytical results of the association between BE-the proportion of CIM. 

Finally, Section 8.5 summarises the findings and concludes the chapter.  

8.2 RATIONALE OF EXPLORING THE PROPORTION OF CIM 

FOR BE-CIM ASSOCIATION 

Research on the link between BE-CIM is on the rise as a response to the global 

concern of CIM declination. These studies have conceptualised and measured CIM 
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using various indicators, such as parent’s granted mobility licence (Prezza, et al., 2001; 

Woolley, et al., 1999), territorial range -geographical distance travelled independently 

(Van Vliet, 1983), independent time spent outside (Broberg, Salminen, et al., 2013; 

Islam, et al., 2014; Loebach & Gilliland, 2014) and independent visits to specific 

destinations (Broberg & Sarjala, 2015; Loebach & Gilliland, 2014). A major problem 

with these indicators is that they do not indicate the frequency of CIM or the extent of 

CIM in comparison to the overall mobility of a child. For example, a child is labelled 

as independent irrespective of whether the child is independent for all trips or a single 

trip. An analysis of these indicators may inform misleading policy interventions. A 

proportion is a type of ratio that relates a part to a whole (LaMorte, 2016). It is able to 

quantify how much independent a child was to different destinations compared to 

overall trips taken. Despite the wide application of proportion measure in active travel 

research of both children and adults (Falb, et al., 2007; Oliver, et al., 2015; Xing, et 

al., 2010), it has little been applied in CIM research. Such a measure can be useful in 

yielding a greater understanding of the extent of CIM beyond the traditional measures. 

Moreover, it can provide helpful insight into BE-CIM association. 

The main objective of this study is to examine the impact of topological and 

geographic BE factors on the proportion of CIM trips and to test the validity of the 

impacts between discretionary and nondiscretionary trips. The objective is again 

subdivided into three objectives: a) to identify the discretionary and nondiscretionary 

destinations with high proportionate CIM trips; b) to assess the effectiveness of 

proportionate measure in capturing CIM behaviour; c) to investigate if BE affects CIM 

differently for discretionary and nondiscretionary trips. 

8.3 DATA DESCRIPTION AND STATISTICAL ANALYSIS 

To address the stated objectives, this study collected: a) child reported travel 

data; b) child and parent-reported personal and socio-demographic data; and c) 

topological and geographic BE data. The method of data collection and derivation of 

BE indicators are discussed in Chapter 5 and not repeated here again.  

 Measurement of the Proportion of CIM  

CIM was measured by the proportion of independent trips taken by each 

participant. At first, the proportion of overall CIM was measured considering all 

reported trips, which were later categorised into discretionary and nondiscretionary 
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trips to understand the impact of the purpose of trips. The proportion of CIM to 

discretionary and nondiscretionary destinations refer to the proportion of discretionary 

CIM and nondiscretionary CIM respectively in this study.  

Participants were provided with a travel diary to report the travel information, 

including destinations visited, the accompaniment of each trip and the mode of 

transport. To calculate the proportion of overall CIM, a total number of trips and 

independent trips made by each participant by all travel modes (i.e., active and 

inactive) were calculated. Based on this information, CIM proportion (CIM trips/total 

trips) was measured for each participant. Reported trips were then categorised into 

discretionary and nondiscretionary destinations, and the respective proportion of CIM 

was calculated for each participant following the same process applied in the 

calculation of the proportion overall CIM. The proportion indices were scaled from 0 

to 1, where 0 indicated no measurable CIM; in other words, 100% trips were dependent 

and 1 indicated 100% trips were independent. 

 Statistical Analysis 

This research adopted a four-step analytical strategy, including: a) conducting a 

correlation analysis to test correlation among the 28 BE variables and excluding the 

highly correlated variables (value > 0.7). The excluded six variables are setback, 

sidewalk width, sidewalk continuity, stopover activities, pedestrian volume and 

physical access (Table 8-1); b) estimating a series of binary simple (unadjusted) 

fractional logit regression models separately for each of the remaining 22 BE variables 

to identify factors having a cross-sectional association with the proportion of CIM 

(Table 8-2). The categorical variable ‘study-area’ was also included in this step to 

check whether the contextual variations among the areas (e.g., street pattern) have any 

impact on the peroration of CIM or not. Although sufficient literature/data is not 

available at neighbourhood scale, it is generally known that Study-area 4 is a planned 

and comparatively newer area that has predominantly grid-iron pattern street, Study-

area 2 and 3 have predominantly organic street pattern and Study-area 1 has a mixture 

of both; c) running the adjusted fractional logit model with significant BE variables at 

p <0.1 level identified in unadjusted models; and d) excluding variables with statistical 

insignificance step-wise to keep only the statistically significant factors in the final 

model. Steps 2-4 were repeated twice to identify the factors associated with the 

proportion of discretionary and nondiscretionary CIM.  
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Fractional regression models were applied to assess the relationship between 

route-based BE features and the proportion of CIM, controlling for child’s individual-

level and socioeconomic factors as fixed factors. The fractional regression model is 

advised by Papke and Wooldridge (1996) for outcomes such as proportions, rate and 

fractional data. In addition, the fractional model fits for a dependent variable that is 

greater than 0 or equal to 0 and less than or equal to 1. The logit approach was applied 

for the conditional mean over probit or heteroskedastic approach as logit is the widely 

applied method in the fractional analysis. Statistical significance was set at p<0.1. All 

analyses were conducted using STATA SE 15.1 by using fracreg command. Since the 

parameters of a fractional model provide only the sign of the marginal effect of the 

covariate of an outcome, it is difficult to interpret the magnitudes. To understand the 

effects of explanatory variables on the proportion of CIM, the conditional effects of 

the parameters were estimated by using margins dy/ex (variable name) command in 

Stata. Marginal effects were computed at means to report elasticity. The elasticity is 

the 1% change in dependent variable resulting from a 1% change in independent 

variable (Washington, Karlaftis, Mannering, & Anastasopoulos, 2020). The elasticity 

is useful because it is dimensionless, unlike an estimated regression parameter. The 

estimated regression parameter is dependent on the units of measurement. 

To further understand the relative influences of significant BE variables on the 

proportion of CIM to discretionary and nondiscretionary destinations, a complex 

model was used. Taking corresponding parameter estimates generated from fractional 

regression models predicted probabilities for interactive significant BE variables were 

computed using equation 8-1. For continuous explanatory variables, several values 

between the value-range were used while holding all other variables at their mean.  

Pr(y l x’) = 
exp(𝑋′𝑖𝑗𝛽)

1+exp(𝑋′𝑖𝑗𝛽)
           (8-1) 

Where, β= vector of estimable regression parameters, Y=dependent variable, Xi 

= vector of measurable characteristics that determine outcome i (e.g., topological and 

geographic BE) 

This study also estimated a count model for the association between BE- CIM 

controlling for other factors. The overall CIM was compared between the proportion 

and the count of CIM. The aim was to examine whether the proportionate model 

unlocks any new insights. The same analytical strategy, as discussed above, was 

followed for the count of overall CIM.
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Table 8-1: Correlations coefficient among BE variables 

 
*Column numbers represents the corresponding variable serial as shown in the Sl column 

*Italic indicates a stronger correlation (value ≥ 0.7) 
 

Sl Variable Name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

1 Angular connectivity 1 
                           

2 Angular choice -0.291 1 
                          

3 Angular integration 0.476 0.280 1 
                         

4 Angular step-depth -0.209 -0.035 -0.204 1 
                        

5 Distance  -0.203 -0.025 -0.344 0.682 1 
                       

6 Residential land use 0.361 -0.467 0.178 0.006 -0.002 1 
                      

7 Commercial and 

retail land use 

-0.413 0.465 -0.158 0.216 -0.007 -0.554 1 
                     

8 Religious land use -0.118 0.065 0.177 -0.307 -0.204 -0.285 0.284 1 
                    

9 Recreational land use 0.046 -0.229 -0.069 -0.198 -0.022 0.072 -0.517 0.092 1 
                   

10 Institutional land use -0.106 0.074 0.053 -0.107 0.088 -0.282 0.198 0.235 -0.228 1 
                  

11 Vacant land 0.188 -0.408 -0.276 -0.107 0.270 0.178 -0.669 -0.178 0.358 -0.185 1 
                 

12 Under construction 

land use 

-0.039 -0.178 -0.129 0.156 0.323 0.246 0.039 -0.075 -0.103 -0.044 0.279 1 
                

13 Setback of building -0.344 0.537 0.181 0.220 -0.027 -0.182 0.785 0.094 -0.484 -0.010 -0.710 0.177 1 
               

14 Sidewalk availability 0.223 0.244 0.693 -0.063 -0.165 -0.042 -0.091 0.018 -0.046 0.148 -0.301 -0.215 0.038 1 
              

15 Sidewalk width 0.232 0.200 0.693 -0.059 0.162 -0.022 -0.115 0.015 0.023 0.120 -0.286 -0.235 0.150 0.955 1 
             

16 Sidewalk continuity 0.241 0.247 0.668 0.111 -0.227 -0.077 -0.050 0.076 -0.038 0.174 -0.358 -0.296 0.031 0.966 0.963 1 
            

17 Sidewalk condition 0.024 -0.127 -0.490 0.184 0.286 -0.014 -0.027 -0.068 0.021 0.019 0.208 -0.018 -0.225 -0.447 -0.415 -0.304 1 
           

18 Sidewalk obstruction -0.101 0.141 0.085 0.302 0.166 -0.264 0.547 0.010 -0.352 0.093 -0.255 0.503 0.510 0.096 0.097 0.099 -0.040 1 
          

19 Street width 0.015 -0.200 -0.169 -0.073 -0.370 0.188 -0.027 -0.112 0.038 -0.326 -0.146 -0.190 0.210 -0.323 -0.334 -0.379 -0.191 -0.371 1 
         

20 Street connectivity 0.261 -0.142 0.251 0.012 0.121 -0.063 -0.091 0.067 -0.073 0.149 -0.015 0.103 -0.250 0.215 0.156 0.105 -0.188 0.021 -0.115 1 
        

21 Stopover activities -0.380 0.322 -0.123 0.146 -0.090 -0.328 0.887 0.327 -0.444 0.247 -0.659 0.148 0.753 -0.060 -0.074 0.023 -0.104 0.499 0.037 -0.154 1 
       

22 Intersection with 

traffic control  

0.372 0.290 0.082 -0.081 -0.213 -0.011 -0.159 0.079 -0.025 0.260 -0.116 -0.248 -0.297 0.244 0.280 0.291 0.002 -0.188 0.034 0.128 -0.003 1 
      

23 Pedestrian volume -0.297 0.566 0.121 0.146 -0.160 -0.669 0.750 0.286 -0.298 0.383 -0.644 -0.253 0.523 0.258 0.204 0.270 -0.181 0.321 -0.146 -0.047 0.670 0.077 1 
     

24 Traffic composition -0.177 -0.247 -0.016 -0.119 -0.163 0.021 0.009 -0.306 -0.116 -0.519 -0.044 -0.120 0.163 -0.229 -0.276 -0.253 -0.261 -0.124 0.612 -0.174 -0.036 -0.353 -0.061 1 
    

25 Number of tree 0.257 -0.313 -0.196 -0.145 0.109 -0.158 -0.619 0.025 0.471 -0.130 0.648 -0.240 -0.828 0.001 0.067 0.049 0.259 -0.389 -0.197 0.028 -0.663 0.081 -0.423 -0.075 1 
   

26 Building height 0.677 -0.443 0.316 -0.113 -0.230 0.581 -0.226 -0.048 -0.087 -0.014 -0.027 -0.025 -0.144 -0.050 0.094 0.019 0.060 -0.075 0.097 -0.042 -0.069 0.432 -0.338 -0.348 -0.130 1 
  

27 Physical access  0.237 -0.057 0.007 0.130 -0.066 -0.179 0.407 0.082 -0.151 -0.092 -0.200 -0.073 0.229 -0.252 -0.252 -0.299 0.111 0.262 0.162 -0.075 0.229 -0.049 0.224 0.035 -0.211 0.314 1 
 

28 Visual access 0.351 0.050 0.102 -0.051 -0.107 -0.276 0.275 0.075 -0.140 -0.065 -0.068 -0.119 0.720 -0.139 -0.156 -0.149 0.077 0.238 0.052 -0.001 0.107 -0.013 0.182 0.004 -0.008 0.278 0.915 1 
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Table 8-2: Model estimates of the bivariate unadjusted model for the proportion of 

overall CIM, Discretionary CIM and Nondiscretionary CIM 

 
 Variables The 

proportion of 

overall CIM 

The proportion of 

discretionary 

CIM 

The proportion of 

nondiscretionary 

CIM 

Distance -0.001** -0.002** -0.001** 

Residential land use -0.089 0.349 -0.549 

Commercial land use -0.074 -0.596* 0.104 

Institutional land use -3.307* -4.995** -2.832 

Religious -1.185 -1.327 -2.795 

Recreational land use 2.135* 3.392** 1.109 

Vacant land 0.388 1.535* 0.383 

Under construction land -0.703 -1.215 0.083 

Sidewalk availability -1.141 -1.520 -1.597** 

Walking environment condition 0.724** -0.086 0.780 

Walking environment 

obstruction 

-0.836 -2.362*** -0.032 

Street width 0.427 0.834** 0.170 

Street connectivity -2.254*** -1.675** -5.842*** 

Intersection with traffic control -1.264 -7.531 -7.330 

Traffic composition 0.292 0.763** 0.547* 

Number of trees 0.176 0.684* -0.170 

Building height -0.603* -0.891* -0.856** 

Visual access -0.499 -0.118 -0.600 

Angular step-depth -0.154 -0.141 -0.105 

Angular integration -0.004*** -0.008** -0.004*** 

Angular choice 0.000 0.000 0.000 

Angular connectivity -0.477 0.379 -0.990** 

Study-area 

Moghubag 0.527 0.626 0.753* 

Manikdi 0.827*** 0.929 0.989** 

Uttara -0.457 -1.408** -0.135 

*  Significant at the 0.05 level 

**  Significant at the 0.01 level  

***  Significant at the 0.001 level 

8.4 RESULTS 

 Descriptive Statistics  

Table 8-3 presents the extent of CIM to discretionary and nondiscretionary. In 

total, 151 children reported 466 trips, among which 70.3% trips (n=327) were taken 

independently. On average, every child made three trips (M=3.09, SD= 1.02) in which, 

two trips (M=2.17, SD= 1.41) (70% of total trips) were independent. Unlike the 

nondiscretionary trips that were mandatory in nature (e.g., school), discretionary trips 

were made by only 117 children out of the 151 samples. When the trips were 

categorised into discretionary (n= 218) and nondiscretionary trips (n=248), it is found 

that children made more nondiscretionary trips (M=1.64, SD= 0.54) than discretionary 

trips (M=1.44, SD= 1.06). Despite the higher number of reported nondiscretionary 
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trips per child, children were more independent to discretionary destinations (79.35%) 

(1.15 CIM trips/child) than nondiscretionary destinations (62.09%) (1.02 CIM trips/ 

child). 

As reported in Table 8-3, top-ranked frequently visited discretionary and 

nondiscretionary destinations do not reflect the highest proportion of CIM. School, for 

example, was reported as the most popular nondiscretionary CIM destination, but the 

proportion value of CIM is highest for coaching (73% CIM trips) not for school (56. 

29% CIM trips). Similarly, although park and shops were reported as the most 

frequently visited discretionary CIM destinations, library (100% reported trips were 

independent) and friend’s home (91.67% trips were independent) reported higher CIM 

proportion values.  

Table 8-3: Summary statistics of the total trip, CIM trip and destination-based 

proportion of CIM 

 
Trip Information Frequency % Mean SD 

Total trip 466 100.0 -  -  

Discretionary  218 46.8 -  -  

Nondiscretionary  248 53.2 -  -  

Independent 327 70.3 -  -  

Dependent 139 29.7 -    

Total trip number/child  -  - 3.09 1.02 

 Discretionary trip   -  - 1.44 1.06 

Nondiscretionary trip   -  - 1.64 0.54 

CIM trip number/child -  -  2.17 1.41 

 Discretionary trip  -  -  1.15 1.04 

Nondiscretionary trip  -  -  1.02 0.80 

The frequency and proportion of CIM to different destinations  

Destination Type Destination 

name 

Overall 

trip 

number 

CIM trip 

number 

The 

proportion of 

CIM (%) 

Nondiscretionary 

  

  

School 151 85 56.29 

Coaching 93 68 73.12 

Extra-curricular 

class 

4 1 25.00 

Discretionary 

  

  

  

  

  

  

  

  

Park 66 60 90.91 

Shop 55 46 83.64 

Mosque/ church/ 

temple 

42 25 59.52 

Friend's Home 24 22 91.67 

Relative's home 12 4 33.33 

Library 7 7 100.00 

Café 3 2 66.67 

Club 1 0 0.00 

Walk/cycle 8 7 87.50 
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The findings from a further comparison among the four most frequently visited 

discretionary and nondiscretionary destinations (two from each group: school, 

coaching, park and shop) indicates that; a) the proportion of discretionary CIM (park 

and shop) is higher than nondiscretionary CIM (school and coaching), and b) park is 

the destination that shows the highest proportion of CIM compared to overall trips 

(90.91% trips were independent) (See Figure 8-1). This means that although children 

had the largest share of independent trips to school, they had the largest share of 

dependent trips for school too. On the other hand, parks had a larger share of CIM trips 

with a smaller share of dependent trips.  

 

 

Figure 8-1: Discretionary and nondiscretionary destinations with a higher proportion 

of CIM trips 

 Statistical Model Results  

Table 8-4 presents the fractional regression model estimation results of the 

overall, discretionary and nondiscretionary CIM proportion. The Wald Chi2 statistic 

for the proportion of overall, discretionary and nondiscretionary CIM model is 

respectively 27.74, 17.11and 29.04, which are well above the critical value for the 

statistical significance at the 5% level. The respective pseudo-R² value of 0.081, 0.090 

and 0.152 for overall, discretionary and nondiscretionary CIM models also indicate a 

reasonable level of fit with an explanation of 8%, 9% and 15% variance of the response 

data. The significant variables identified by the fractional regression model were 

interpreted by the elasticities from marginal effects. Elasticities from marginal effect 

as reported in Table 8-4 reflects the corresponding change in the proportion of overall, 

discretionary and nondiscretionary CIM for 1% change in independent variable 

keeping all other variables in their mean. 

0.00

20.00

40.00

60.00

80.00

100.00

Park Shop Coaching School

Discretionary Non-Discretionary

Proportion of CIM



  

Chapter 8: Proportion of Trip-a Measure to Understand Children Independent Mobility in Relation to the 

Topological and Geographic Properties of Built Environment 179 

8.4.2.1 Overall CIM model 

As reported in Table 8-4, the topological dimension of BE has no significant 

impact on the proportion of overall CIM; only geographic variables are found to have 

significant associations. In terms of the direction of the significant associations, two 

geographic variables (i.e., presence of recreational land use along the route and better 

condition of walking environment) show a positive impact, while the other two (i.e., 

distance to destination and building height) indicate negative impacts. The elasticities 

of these variables indicate that a better walking environment has the largest impact on 

overall CIM while presence of recreational land use along the street has the smallest. 

For instance, a 1% improvement in walking environment increases the proportion of 

overall CIM by 54.7% and a 1% increase in recreational land use en-route increases 

CIM by 4.8%. In contrast, with a 1% increase in en-route building height and distance 

to destination, the proportion of overall CIM respectively decreases by 30.8% and 

15.1%. Among socio-demographic factors, family-owned motorised vehicle decreases 

the proportion of overall CIM. As per Table 8-4, a 1% rise in number of family-owned 

motorised vehicles decreases the proportion of CIM by 3.5%.  

This study estimated a count model intending to examine whether the 

proportionate model unlocks any new insights. The Wald Chi2 statistic for the CIM 

count model is 71.61 which is well above the critical value for the statistical 

significance at the 5% level. The respective pseudo-R² value of 0.077 indicates a 

reasonable level of fit with an explanation of 7% variance of the response data. A 

comparison between Table 8-4 and Table 8-5 suggests that the proportion model can 

capture the effects of presence of recreational land use and walking environment 

condition along the route which otherwise is omitted by just using a count model 

(Table 8-5). Similarly, the proportion model does not identify that a child’s age and 

gender are significant factors whereas the count model suggests that boys and older 

children might have taken more independent trips because they make more trips in 

general. 

8.4.2.2 Discretionary CIM model 

As outlined in Table 8-4, the proportion of discretionary CIM has significant 

association only with two geographic factors named distance to destination and 

presence of recreational land use along the route. The directions of these associations 

are opposite. To interpret the result, while a 1% increase in distance to destination 
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decreases the proportion of discretionary CIM by 8%, the same amount of (1%) 

increase in route –along recreational land use increases the CIM proportion by 7%. 

Likewise, a socio-demographic factor also reacts positively to the discretionary CIM, 

showing a 3.9% decline in the proportion of CIM with a 1% increase in number of 

family-owned motorised vehicles.  

Using the fitted fractional regression model for discretionary CIM, the 

probabilities of discretionary CIM in relation to distance and recreational land use is 

plotted in Figure 8-2 to understand their relative impacts. The proportion of CIM was 

plotted across the range of distance (minimum 141m to maximum 1,878m) for varying 

en-route recreational land use (16% to 75%) (See Table 5-7). As shown in Figure 8-2, 

the probability of discretionary CIM generally decreases with the increase of distance 

to destination with varying level of en-route recreational land-use. For example, the 

probability of CIM at 141m distance with 16% en-route recreational land use is 82% 

while at 1,878m, the corresponding probability is 32%. The probability of CIM 

increases from 82% to 97% when the amount of en-route recreational land use 

increases from 16% to 75% at 141m distance. On the other hand, at 1,878m distance, 

the probability increases from 32% to 78% with the same level of recreational land use 

increase. To summarise, the probability difference across recreational land use is low 

(15%) at 141m distance but high (46%) at 1,878m distance, indicating that the effect 

of en-route recreational land-use on CIM probability is higher for longer destinations 

than the shorter one. 

8.4.2.3 Nondiscretionary CIM model 

The estimation results of the proportion of CIM to nondiscretionary destinations 

are reported in Table 8-3. The results reveal that the proportion of nondiscretionary 

CIM is significantly associated with both topological and geographic BE variables, 

unlike overall and discretionary CIM. These are angular connectivity, distance to 

destination and walking environment. In terms of the direction of associations, 

distance to destination and angular connectivity display negative associations, whereas 

a better walking environment shows a positive association. The elasticities of these 

variables indicate that walking environment has the largest impact followed by angular 

connectivity. A 1% increase of angular connectivity and distance to destination and 

decline the propitiation of CIM to nondiscretionary destinations respectively by 97.6% 

and 18%. In contrast, a 1% improvement of walking environment of the route increases 
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the CIM probability to nondiscretionary destinations by 75.7%. Among the socio-

demographic factors, for a 1% rise in the number of siblings ≤18 years old, the 

proportion of nondiscretionary CIM rises by 22%. Similarly, the nondiscretionary 

CIM proportion increases by 13% if the number of children’s known people in their 

current neighbourhood raises by 1%. 

Figure 8-3 and Figure 8-4 present the probability graphs of nondiscretionary 

CIM in relation to the relative effects of distance, walking environment condition and 

angular connectivity within their corresponding value range (See Table 5-7). As shown 

in Figure 8-3, the probabilities of nondiscretionary CIM generally decreases with the 

increase of distance to destination at varying level of walking environment (i.e., poor, 

moderate, good). For example, the probability at 141m distance with poor, moderate 

and good condition of the walking environment are respectively 11%, 43% and 81% 

while the corresponding probabilities are 1%, 9% and 37% at distance level 1,878m. 

The probability difference across the walking environment conditions is maximum 

(70%) at the shortest distance but minimum (36%) at the longest distance reported. It 

also quite evident from Figure 8-3 that the probability of nondiscretionary CIM 

increases substantially when walking environment transforms from moderate to good 

regardless of the distance to destination.  
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Table 8-4: Fractional logit regression model estimates of the proportion of overall CIM, discretionary CIM and nondiscretionary CIM 

Variable Name  

  

The proportion of overall CIM  The proportion of discretionary CIM The proportion of nondiscretionary CIM 

Coef. 

 

Margi

nalize

d 

effect   

Std. 

Err. 

t P>|t| 95% 

CI 

Coef.  Margi

nalize

d 

effect   

Std. 

Err. 

t P>|t| 95% 

CI 

Robust 

Coef.  

Margi

nalize

d 

effect   

Std. 

Err. 

t P>|t| 95% 

CI 

Angular 

connectivity 

- - - - - - - - - - - - -1.939 

 

-0.976 

 

0.585 

 

-3.310 

 

0.001 

 

-3.087 

-0.791 

Distance to 

destination 

-0.001 -0.151 

 

0.000 

 

-3.470 

 

0.002 

 

-0.002 

0.000 

-0.001 

 

-0.081 

 

0.001 

 

-1.740 

 

0.082 

 

-0.003 

0.000 

-0.001 

 

-0.180 

 

0.000 

 

-2.720 

 

0.007 

 

-3.087 

0.791 

Recreational land 

use 

1.818 0.048 
 

1.039 
 

1.750 
 

0.083 
 

-0.219 
3.856 

3.433 
 

0.070 
 

1.385 
 

2.480 
 

0.013 
 

0.719 
6.146 

- - - - - - 

Walking 

environment 

condition 

1.217 0.547 

 

0.366 

 

3.321 

 

0.001 

 

0.498 

1.936 

- - - - - - 1.675 

 

0.757 

 

0.601 

 

2.780 

 

0.005 

 

0.496 

2.854 

Building height -0.924 -0.308 

 

0.361 

 

-2.550 

 

0.011 

 

-1.026 

-0.059 

- - - - - - - - - - - - 

Number of known 

people in 

neighbourhood 

- - - - - - - - - - - - 0.927 
 

0.130 
 

0.357 
 

2.59 
 

0.009 
 

0.226 
1.628 

Number of siblings 

≤ 18 years old 

- - - - - - - - - - - - 0.731 
 

0.251 
 

0.245 
 

2.98 
 

0.003 
 

0.250 
1.213 

Number of 

Motorised vehicles  

-0.543 -0.035 

 

0.246 

 

-2.270 

 

0.028 

 

-1.026 

-0.059 

 

-0.706 

 

-0.039 

 

0.427 

 

-1.650 

 

0.099 

 

-1.544 

0.132 

 

- - - - - - 

Cons 0.197  1.041 

 

0.200 

 

 -1.096 

1.346 

1.422 

 

 0.419 

 

3.390 

 

0.001 

 

0.600 

2.243 

0.470 

 

 1.94 

 

0.24 

 

0.809 

 

-3.349 

4.291 

Log pseudo-

likelihood 

    -86.876      -56.741      -85.359  

Wald chi2     27.740      17.110      29.040  

Prob > chi2     0.001      0.001      0.001  

Pseudo R2     0.081      0.090      0.152  

N     151      117      151  
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Table 8-5: Poisson regression model estimates of the proportion of overall CIM 

 

 To understand the relative impacts of angular connective, Figure 8-4 plots the 

probability graphs of nondiscretionary CIM accounting for the interactive effect of 

angular connectivity and distance to destination. This figure clearly shows the 

probability of nondiscretionary CIM decreases with the increase of angular 

connectivity and distance. For example, when the angular connectivity values of a 

route are 1.68, 2.5 and 3.25, the corresponding probabilities of nondiscretionary CIM 

are respectively 81%, 58% and 33% at 141 m distance and respectively 37%, 16% and 

6% at 1,878 m distance. The probability difference across angular connectivity is 

higher (44%) at a shorter distance (141 m) and lower (27%) at a longer distance (1,878 

m).  

Figure 8-2: Probability of discretionary CIM for distance to destination and en-

route recreational land use 

Explanatory Variables  The count of overall CIM 

Coef. Std. 

Err. 

z P>|z| 95% CI 

Distance to destination -0.001 0.000 -3.640 0.000 -0.001 0.000 

Institutional land use -1.458 0.703 -2.070 0.038 -2.836 -0.081 

Building height -0.358 0.107 -3.340 0.001 -0.568 -0.148 

Age 0.076 0.028 2.680 0.007 0.020 0.132 

Gender (Girls) -0.435 0.093 -4.660 0.000 -0.618 -0.252 

Cons 2.554 0.893 2.860 0.004 0.804 4.303 

Log pseudolikelihood 
   

-243.35 
  

Wald chi2 
   

71.61 
  

Prob > chi2  
   

0.001 
  

Pseudo R2  
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Figure 8-3: Probability of nondiscretionary CIM for distance to destination and 

walking environment 

 

 

Figure 8-4: Probability of nondiscretionary CIM for distance to destination and 

angular connectivity 

8.5 CHAPTER SUMMARY  

The research on the link between Built Environment (BE) and Children 

Independent Mobility (CIM) is on the rise. These studies have conceptualised and 

measured CIM using various indicators, such as mobility licence, independent time 

spent outdoors, and territorial range. A major problem with these indicators is that they 

do not indicate the extent of CIM behaviour. For example, a child is considered as 

independent, irrespective of whether the child takes all trips or a single trip 

independently. This weakness of previous studies suggests applying proportionate 
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measures to understand the relationship between CIM and BE factors. This study used 

the proportion of trips made independently as an indicator of CIM and investigates the 

BE-CIM link, also stratified by discretionary and nondiscretionary CIM. A two-day 

activity-travel diary data were collected from 151 children aged between 9 and 14 

years from Dhaka, Bangladesh. BE data were collected through a virtual BE audit, 

ArcGIS and space syntax analysis. Three Fractional regression models were estimated 

to identify the impacts of BE factors on the proportion of overall CIM, discretionary 

CIM and nondiscretionary CIM for proportionate and count outcomes. One Poisson 

regression model was also estimated for the count of overall CIM to identify if the 

proportionate measure unlocked something new. Results show that: a) the proportion 

of CIM is higher for discretionary trips, however, top-ranked high frequently 

destinations are not always high proportionate CIM destinations; b) proportionate 

measure better explains CIM behaviour; and c) BE affects discretionary and 

nondiscretionary CIM differently. The results reveal that distance to destination and 

the presence of recreational land use correlates to and discretionary CIM, while 

distance to destination, walking environment and angular connectivity correlates to 

nondiscretionary. Children’s accompaniment with a friend/sibling, and the family-

owned motorised vehicle also hold a strong influence on the proportion of CIM. The 

findings suggest that the proportionate measure should be applied to represent CIM, 

and BE needs to be designed in tandem with the type of CIM to be promoted. 

This chapter and the previous chapters explain the impact of the topological and 

geographic BE on TR, CIM measured by the accompaniment status and the proportion 

of CIM. However, these CIM indicators do not indicate why children choose a 

particular route over other alternatives, and how the BE attributes of the routes impact 

their decision making. As a result, the next chapter (Chapter 9), focuses on this gap 

and presents the results of BE impact on route choice for CIM.   
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 Built Environment Effects on 

Children’s Independent Route 

Choice Behaviour 

9.1 INTRODUCTION  

This chapter answers the third research question by addressing research 

objective 3.1: “to determine the relative influence of geographic distance and 

directional change on CIM route choice” and research objective 3.2: “to identify the 

independent effects of topological and geographic BE on route choice for CIM after 

controlling for route distance and route direction. For this part of the study, a route 

choice set was generated by labelling approach, which comprised of three types of 

routes: reported, shortest distance and least directional. Three datasets were used in 

this study: BE data of reported routes; BE data of shortest distance routes; BE data of 

least directional routes. The analysis was done following three steps: a) comparison of 

BE properties of actual routes with other two alternatives through t-tests and estimated 

mean differences; b) estimation of conditional logit regression to check the 

significance of BE variables on route choice for CIM; c) calculation of the perceived 

utility of the BE based on children’s route choice decision for a better understanding 

of the condition model estimation.  

This chapter is organised into five sections. Section 9.1 provides a brief 

introduction to the current part of the study. Section 9.2 justifies how this part would 

provide new insight into BE-CIM association and presents the objective of the study. 

Section 9.3 outlines a brief review of space syntax concept and method to understand 

travel behaviour and BE factors affecting route choice behaviour. The data and the 

method used to achieve the research objectives are presented in Section 9.4. Section 

9.5 reports descriptive and analytical results of the association between BE-the 

proportion of CIM. Finally, Section 9.6 concludes the chapter with a summary of the 

findings.  
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9.2 RATIONALE AND OBJECTIVE OF THE STUDY ON BE-ROUTE 

CHOICE BEHAVIOUR OF CIM ASSOCIATION 

Children’s freedom of travel without parent’s accompaniment described as 

children independent mobility (CIM), which is critical for children’s overall physical 

and mental health (Christensen & O'Brien, 2003; Groves, 1997; Prezza & Pacilli, 

2007; Rushovich, et al., 2006; Whitzman, et al., 2010). It has potential to reduce car 

dependency, congestion, lower parents’ chauffeuring time and mental stress, and 

increase environmental and social sustainability (Gershuny, 1993; Prezza, et al., 2009; 

Tranter & Pawson, 2001; U.S. Environmental Protection, 2003). Despite the benefits, 

evidence shows that the level of CIM is dropping across the world. Studies have 

identified that the built environment (BE) is a significant predictor of CIM. Based on 

an investigation of four different indicators of CIM (mobility licence, likelihood of 

CIM trip, territorial range and independent time out), these studies have shown that 

supportive BE (e.g., distance, land uses) promotes CIM (Broberg, Salminen, et al., 

2013; Carver, et al., 2012; Lin & Chang, 2009; Prezza, et al., 2001; Sharmin & 

Kamruzzaman, 2017). However, the effects of BE on children’s independent route 

choice behaviour has never been investigated. Such an analysis is likely to generate 

new knowledge on CIM behaviour because route choice analysis identifies BE 

attributes that influence children to make a trade-off between alternative routes for 

their active travel (Dessing, et al., 2016; Ozbil, et al., 2016). The children in the current 

study have already made an independent trip (rather than likely to make an 

independent trip), and the analysis provides information about the BE that are 

associated with their choice. To the knowledge of the author, this study, for the first 

time, aims to study the effects of BE on children’s independent route choice behaviour. 

Studies have identified that the built environment (BE) is a significant predictor 

of CIM. Based on an investigation of four different indicators of CIM (i.e., mobility 

license, territorial range, accompaniment status and independent time out), these 

studies have shown that supportive BE factors promote CIM (Sharmin & 

Kamruzzaman, 2017; Sharmin, Kamruzzaman, & Haque, 2020). However, these 

indicators are unable to explain a very important factor in travel behaviour – route 

choice or wayfinding decision. Route choice is the choice of a route for a particular 

trip from a set of given route alternatives in both familiar and unfamiliar environments 

(Bovy & Stern, 2012). In particular, route choice analysis examines how the pedestrian 
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environment influence travel decision by comparing characteristics of the actually 

travelled route with characteristics of the alternative routes (Dessing, et al., 2016; 

Duncan & Mummery, 2007; Koh & Wong, 2013).  

Despite ample studies showing the importance of route-along BE factors of 

competitive route alternatives on adult’s route choice behaviour (Borst, et al., 2009; 

Guo & Loo, 2013; Hahm, et al., 2017; Koh & Wong, 2013; Raford, Chiaradia, & Gil, 

2007; Shatu, et al., 2019; Tribby, et al., 2017), fewer studies investigated children’s 

route choice behaviour. The studies on children’s route choice behaviour were mainly 

focussed on active travel behaviour of children like school trips (Argin & Torun, 2015; 

Dessing, et al., 2016; Ito et al., 2017; Rodriguez, et al., 2015). These studies, through 

a route choice analysis, provide information about the BE that was associated with 

children’s making an active trip (rather than likely to make a trip). The influence of 

BE on children’s independent route choice behaviour, on the other hand, has never 

been investigated. BE factors generally influence the independent and active travel 

differently due to the substantial difference of their nature as mentioned in Sharmin 

and Kamruzzaman (2017), and as such, the findings of active travel might not be 

applicable for CIM. As a result, CIM specific route choice studies are highly required 

for effective policy guidance to promote children to be more independently mobile. 

Route choice analysis is likely to generate new knowledge on CIM behaviour by 

identifying BE factors that influence children to decide a route among alternative 

routes. To the knowledge of the authors, this study, for the first time, aims to examine 

the effects of BE on children’s independent route choice behaviour. 

Route choice studies predominantly used the ‘shortest route’ as an alternative 

and compared their BE factors against the factors generated from reported route to 

identify route choice behaviour. These studies claimed that geographic shortest route 

alone can explain 50-75% of route choice decision (Guo & Loo, 2013; Guy, 1987; 

Seneviratne & Morrall, 1985). Consequently, the geographic shortest route is receiving 

importance in transportation research and policy informing (Borst, et al., 2009; Ewing 

& Cervero, 2010). However, existing route choice literature has mostly overlooked the 

topological ‘shortest route’ so far. Topological approach, as conceptualised in the 

space syntax literature, measured ‘shortest route’ by the visual distance/directional 

change (named as depth) between an origin and a destination (Hillier & Hanson, 1984). 

The current study refers to the geographic shortest route, visual shortest route and 
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actually taken route respectively as the shortest distance route, least directional route 

and reported route. Although both the shortest distance and least directional routes 

have been found to be important determinants of pedestrian route choice behaviour 

(Lee & Seo, 2013; Lerman, et al., 2014; Loebach & Gilliland, 2014; Sharmin, et al., 

2020), in route choice studies, directional distance has received less attention. A recent 

route choice study indicated the importance of least directional routes for adult’s route 

choice behaviour (Shatu, et al., 2019). The omission of directional distance can lead 

to unreliable empirical findings to inform BE policy to promote independent travel of 

children.  

Furthermore, most of the existing studies emphasized the importance of BE 

factors that belong to geographic properties of BE such as land uses and density 

(Dessing, et al., 2016; Guo, 2009; Hahm, et al., 2017) (more details are provided in 

Section 2.1). However, the application of topological properties of BE measured by 

space syntax theory and method is not very much evident in route choice studies. The 

space syntax concept differs from the traditional planning approach not only in 

measuring the shortest distance but also in identifying BE determinants for travel 

behaviour. While the former focuses on the street configuration properties as primary 

determinants of travel behaviour (Hillier & Hanson, 1984), the latter emphasizes on 

5D properties of BE (e.g., diversity in land use, design, distance) (Ewing & Cervero, 

2010). Literature shows that space syntax derived determinants have equal potentials 

to promote active travel and independent travel of children like 5D properties (Argin 

& Torun, 2015; Helbich, et al., 2016), indicating that space syntax 

measures/topological factors might influence children’s independent route choice 

behaviour as well. Conversely, the exclusion of topological properties might produce 

an incomplete insight for children’s independent route choice behaviour.  

Based on the above discussion, the study aims to develop a comprehensive 

understanding of BE characteristics associated with children’s route choice behaviour 

during independent travel to various local destinations. More specifically, this study 

has two objectives: (a) to identify the relative influence of shortest and directional 

distance on children’s independent route choice behaviour, and (b) to determine the 

effects of both geographic and topological BE factors on children’s independent route 

choice behaviour. This study also calculates the perceived utility of significant BE 
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attributes by controlling the effects of both route distance and direction to ease the 

interpretation of results.  

9.3 DATA COLLECTION AND METHODS 

This research collected three types of data to address the research aim: (a) child-

reported actual routes to destinations travelled independently; (b) origin and 

destination of each route to generate shortest geographic and least directional routes; 

and (c) geographic and space syntax BE data to check if BE attributes have an 

influence on route choice for CIM. The data collection process is described in Chapter 

3 and is not repeated here. The process of BE data collection was repeated twice to 

generate BE attributes: for shortest distance and least directional CIM routes. 

 Route Choice Set Generation 

To generate route alternatives ‘choice set’, the labelling approach was used. The 

labelling approach is based on a deterministic technique (Dalton et al., 2011; Dessing, 

et al., 2016; Guo & Loo, 2013), which generates the same set of paths for a given 

origin-destination pair (Bovy, 2009). It has some advantages over other choice-set 

generation methods such as the kth shortest path, the branch and bound method, and 

the stimulation method. For example, in the kth shortest path method, many minor 

variations regarding shortest paths are generated. In the branch and bound method, 

unrealistically large choice sets are generated which becomes difficult for people to 

compare. On the other hand, the stimulation method for larger networks is difficult to 

model. Studies comparing these methods found that the labelling method can yield the 

best results (Brekkoor et al, 2006, broach et al 2010). However, the literature has 

reported two drawbacks of the labelling method, including the generation of a 

relatively small number of alternatives and unrealistic routes in some cases (e.g., long 

detouring routes) due to the maximization of one single route attribute (Broach, et al., 

2010). These two issues may not be present in this study due to a relatively small street 

network and two alternative labels (shortest distance and least directional route). The 

existing literature suggests that the labelling approach was used for route alternatives 

ranging from 2 to 15 (Dalton, et al., 2011; Guo & Loo, 2013). 

Using the labelling approach, this study generated geographic shortest distance, 

and least directional routes, for each of 327 independent trips. Each choice-set 
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comprised of three alternative routes: reported/actual; shortest distance; and least 

directional route.  

9.3.1.1 Extraction and generation of reported, shortest distance and least 

directional routes 

The reported routes provided by each child during the survey were extracted 

from a GIS-based representation of existing street networks. A street network shapefile 

containing all roads of Dhaka city was collected from the Capital Development 

Authority of Bangladesh. The street networks of four study-areas were extracted from 

the city road network. Since the GIS map has not been updated since 2008, the street 

networks were updated manually using Google map. The updated street networks were 

used to extract the reported routes in ArcGIS, version 10.6.  

The shortest distance routes were generated from network analysis in ArcGIS. 

To do that, first, the updated GIS street network shapefiles were converted into 

network datasets using distance as impedance. The network analyst tool was then used 

to generate the shortest distance routes between the origin and destination of each 

reported routes by each child. A total of 327 shortest CIM routes were generated.  

The least directional routes were generated using DepthmapX 0.50 software. The 

updated GIS street network shapefiles of case study-areas were exported as AutoCad 

files to be used in Depthmap to generate segment maps. Segment maps for each of the 

study-areas were used to calculate angular step-depth between the origin and 

destination of each route. This was done by creating 327 CIM trips, one for each trip 

origin (e.g., home, coaching), and deriving the shortest route between the origin and 

its associated destination. The angular step-depth maps were then converted into 

shapefiles and used in ArcGIS to extract least directional routes between origin-

destination pairs. Figure 9-1 shows the step-depth map from a child’s home as an 

origin for taken independent trips to various local destinations. Figure 9-2 shows the 

reported, shortest distance and least directional route of a particular child from home 

to school travelled independently. 



 

192 Chapter 9: Built Environment Effects on Children’s Independent Route Choice Behaviour 

Figure 9-1: Step-depth map from a child’s home as an origin for taken independent 

trips to different destinations 

9.3.1.2 Generation of en-along BE attributes 

As indicated earlier, geographic BE data were collected by employing a virtual 

BE audit and space syntax BE measures were derived by using Depthmap for each 

segment of reported route and the alternatives: shortest distance and least directional 

routes. Segment based data of all BE variables (except distance and step-depth) were 

then aggregated for reported and alternative routes and averaged based on the number 

of segments forming a route in ArcGIS.  

Legend

Az_LUonly

101_Friend

Angular_St

-1.00 - 1.07

1.08 - 5.35

5.36 - 8.01

8.02 - 10.14

10.15 - 12.01

12.02 - 14.09

14.10 - 16.66

16.67 - 19.61

19.62 - 23.18

23.19 - 28.02

Legend

Az_LUonly

101_Friend

Angular_St

-1.00 - 1.07

1.08 - 5.35

5.36 - 8.01

8.02 - 10.14

10.15 - 12.01

12.02 - 14.09

14.10 - 16.66

16.67 - 19.61

19.62 - 23.18

23.19 - 28.02

Angular step-depth 

0

6

9

8
.3

7

1

2

3
.5

2

7.6

3
.0

8

3.95

2.07

8
.3

6

4

3.35

3
.5

3

5

4.1

1
.0

3

6.7

2.8
6

2.08

1
.0

4

2.05

1
.0

2

2.14

4.11

3
.11

4
.1

8

6.35

2
.9

9

2.01

3.96

4.07

5
.1

5

3
.4

3

3
.1

4

0.8
6

7
.9

3

1.98

3
.0

6

5
.4

3
.3

3

7
.1

3

3.3
4

7.03

2.04

5.7
8

6.9

6.27

4.04

2.11

6.15

5.8

6.37

4.65

2.7

7
.3

5

4.1
4

4.03

6.34

4.83

1.89

1.99

3
.4

9

4.08

7
.5

3

3.75

9.
0
2

6.17

3
.8

2

1.97

4.75

5
.1

6

5.01

5
.9

9

4.33

4
.2

5

5.55

6.54

7.57

8.2

3
.7

3

1
.0

7

2.166.67

6.92
6
.5

2

1
.1

6

5.51

3
.0

9

4.87

3
.5

5

3.98

5
.9

5

5.1
3

7
.6

6

2.52

8
.5

9

3

3
.5

7
6.82

1
8
.3

6

7.43

2.13

4
.1

5

5.59

8
.8

6

3
.0

7

7.8

4.13

12

7.12

8.1

7
.1

8

2.54

7.89

4.58

5.0
9

2.06

5
.3

4
.3

5

3
.8

3

8.
4
7

2.03

1
.0

1

2
.9

8

4.54

7
.7

5
.6

8

3
.5

6

11
.1

9.68

11.35

5.35

0
.8

4

7.07

7.92

5.38

5
.11

4
.3

9

4
.1

6

5.5

6
.6

6

4.78

11.34

3.1

3
.8

5

8.57

5
.9

3

9.9

3
.9

3.8
4

2.5
7

10

3.3
9

3
.5

9

4
.9

7
7
.4

4

5
.9

1

10.19

5
.2

9.7

4.6
6

8
.7

4
.1

9

8.0
2

11
.5

7

8.79

9
.7

3

10.14

8.
3

3
.1

7
9
.2

8

3
.8

1

3.7
9

7
.5

4

5
.6

6

4.24

4.69

4
.1

7

11
.3

2

8.5

17

6.38

3
.2

0
.8

1

1
0
.2

1

4
.4

6
.1

8

4.59

8.
3
17.61

9
.5

5

2.55

7.64

4.93

8.63

6.95

2.02

10.32

9.1

9.18

7.96

7
.1

4

8.16

6
.0

2

4
.7

9

9.59

5
.2

9

3.76
5
.5

8

8.87

2.43

5.64

11.03

6.76

6.7
8

8.98

5
.8

8

9.
66

5.3
6

4
.4

8

4.32

8.34

1
2
.2

4.64

3
.6

7

10.07

8.03

3.74

3
.2

7

6.77

1
3
.6

4

7.2

7.04

6.25

1
0
.5

9

5.56

7.16

6.51

9
.4

3

9.11

6.58

10.61

5
.1

4

9.88

11.45

6
.4

6

11
.8

3

3
.0

5

4.01

5
.0

8

7.1

10
.3

9

6.63

12.44

1
0

.4
3

11
.6

3

7.21

5
.9

6
5
.9

4

9.09

5
.2

1

9.5

11.52

9
.8 10.93

1
0
.5

4

9
.9

9

2.95

1
4
.2

5

5
.5

2

4.37

8.
41

7.02

4
.5

6.41

3
.1

5

1
0
.9

6

8
.8

1

2.21

4
.5

3

14.97

5.49

7.4

5
.2

6

1
2
.8

2

12.76

7
.0

9

7
.6

8

11
.5

9.2

7.85

9.95

1
0
.1

2

3.0
2

17.28

13.76

11

7
.0

8

11
.7

10.68

5
.3

3

1
0

.4
5

8
.0

1

1.99

2.08

5
.0

9

2

5.
9
3

2

3

4.1

7.35

1

5
.1

6

3.3
5

5
.5

5

2.04

4
.0

4

9.
6
6

9

3.8
3

4
.0

3

5
.6

8

3
.0

2

3
.0

8

7
.9

3

2

2

4.11

6.54

7
.7

4.07

4.18

1

6
.7

4.07

8
.2

4.1

8
.1

6

1.99

3.06

2.04

3
.0

8

6.15

8.1

6
.6

3

6.58

3
.9

5

4.33

2.14

2.01

4.54

9

2

7
.75

.9
5

4.11

4.33

1
.0

1

2.02
3.11

4.11

4
.0

8

5
.9

1

3.98

0 0.08 0.160.04 Miles ´
Trip origin- Participant’s home 

Trip destination 1- School 
Trip destination 2- Shop 



  

Chapter 9: Built Environment Effects on Children’s Independent Route Choice Behaviour 193 

Figure 9-2: The reported, shortest distance and least directional route of a particular 

child from home to school travelled independently 

 Analysis Strategy 

9.3.2.1 Comparison of en-route BE attributes among reported and alternative 

routes 

Using the ArcGIS intersect tool, the reported routes were spatially compared 

with the corresponding shortest distance and least directional routes to understand the 

proportion of overlap between reported routes and competitive alternative routes. The 

comparison was made segment by segment for reported routes as applied previously 

by Dalton 2015. A 100% overlapping with the shortest distance or least directional 

routes were identified and excluded from further comparative analysis.  

The remaining reported CIM routes (43 routes reported by 31 children) having 

less than 100% route overlap with shortest and least directional routes were further 

compared among all BE attributes to understand why a child chose a particular 

reported route over the other two alternatives. The comparison was made through 

estimated mean difference and t-tests between reported route and shortest distance 

route and between reported route and least directional route (Koh & Wong, 2013). The 

t-test provided information about the statistically significant BE attributes that made 

the reported routes preferable than shortest distance and least directional routes.  

Home 
School 

Reported route 
Shortest distance route 

Least directional route 
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9.3.2.2 Identifying significant en-route BE attributes for CIM route choice 

and generation of their perceived utility  

This research applied conditional (fixed effects) logit regression to identify the 

BE attributes that influence route choice behaviour for CIM. The logit model is 

commonly applied in the research of route choice behaviour (Dessing, et al., 2016; 

Tribby, et al., 2017). Conditional logit model was used because unlike, binary or 

multinominal logit model that explains the route as an outcome of individuals, 

conditional logit model treats a choice among alternative as a function of 

characteristics of the alternatives (Hoffman & Duncan, 1988). Moreover, it helped to 

avoid the possible dependency among the reported, shortest distance and least 

directional routes within children. Robust cluster option was applied as multiple 

independent trips were reported by a single child in some cases.  

Route overlapping is a major concern of route choice modelling. To deal with 

this problem, reported CIM routes with 100% overlap with either shortest distance or 

least directional routes were excluded from statistical analysis. This technique was also 

applied in previous literature (Shatu, et al., 2019). Furthermore, a path size factor as 

suggested by Bovy, Bekhor, and Prato (2008) was applied in this study for the 

remaining CIM routes with less than 100% overlapping.  

The analytical strategy of this research included four steps. First, a correlation 

analysis was conducted among 28 BE attributes to check correlation effect and based 

on the results, highly correlated 8 attributes with correlation value more than 0.7 were 

excluded from the study. The excluded variables are angular choice, setback, sidewalk 

width, sidewalk continuity, stopover activities, pedestrian volume, traffic composition 

and physical access. The basis of exclusion from a correlated pair was the lower 

explanatory power. Path size factor was also included in the analysis as an independent 

factor. Table 9-1 shows the result of correlation analysis and the excluded variables. 

Second, remaining 20 BE attributes were tested separately using bivariate/simple 

(unadjusted) conditional logistic regression to check their significance with CIM route 

choice (Table 9-2). This process helped to avoid the over-specification problem of the 

model, which occurs with a large number of independent variable with relatively small 

sample size (Carver, Panter, et al., 2014). Third, the attributes with significance value 

p <0.1 were included in an adjusted model. Finally, a stepwise exclusion of attributes 

was adopted to identify the determinants of route choice for CIM. All analyses were 
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 Table 9-1: Correlation coefficients among BE variables 

 

* Number of columns represents the corresponding variable serial 

** Bold and Italic indicates higher correlation values  

Sl BE attributes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

1 Length 1

2 Depth 0.455 1

3 Angular connectivity -0.467 -0.254 1

4 Angular choice -0.16 -0.112 -0.45 1

5 Angular integration -0.08 -0.184 -0.272 0.158 1

6 Residential use 0.041 0.146 0.173 -0.491 0.483 1

7 Commercial and retail 0.16 0.18 -0.383 0.471 0.06 -0.228 1

8 Institutional land use 0.3 0.082 -0.148 0.08 0.05 -0.265 0.441 1

9 Religious land use -0.054 -0.016 -0.241 0.331 -0.296 -0.409 0.572 0.056 1

10 Recreational land use -0.213 -0.178 -0.14 -0.01 -0.526 -0.339 -0.41 -0.316 0.041 1

11 Vacant land 0.257 -0.117 0.022 -0.13 -0.269 -0.198 -0.556 -0.068 -0.307 0.267 1

12

Underconstruction 

land use 0.68 0.439 -0.374 -0.03 0.334 0.4 0.22 0.264 -0.24 -0.376 0.054 1

13 Setback 0.252 0.382 -0.434 0.268 0.435 0.295 0.669 0.254 0.071 -0.46 -0.595 0.495 1

14 Footpath availability 0.354 0.322 0.05 -0.11 0.64 0.278 0.094 0.122 -0.201 -0.315 -0.059 0.59 0.342 1

15 Footpath width 0.225 0.176 0.02 -0.06 0.573 0.289 -0.03 0.021 -0.177 -0.149 -0.077 0.409 0.235 0.868 1

16 Footpath continuity 0.266 0.207 0.04 -0.09 0.634 0.227 0.043 -0.01 -0.115 -0.223 -0.141 0.397 0.298 0.907 0.921 1

17

Walking environment 

condition -0.265 -0.44 0.12 0.112 -0.383 -0.143 -0.437 -0.126 -0.249 0.345 0.315 -0.408 -0.492 -0.537 -0.553 -0.574 1

18 Footpath obstruction 0.353 0.229 -0.176 0.09 0.679 0.333 0.431 0.356 -0.159 -0.514 -0.264 0.592 0.622 0.6 0.498 0.488 -0.334 1

19 Street width -0.524 -0.184 0.358 0.149 -0.461 -0.39 0.035 -0.114 0.406 0.024 -0.131 -0.62 -0.404 -0.577 -0.529 -0.514 0.156 -0.63 1

20 Street connectivity 0.536 0.245 0.02 -0.201 0.446 0.195 0.11 0.351 -0.167 -0.482 0.068 0.529 0.247 0.359 0.076 0.247 -0.119 0.321 -0.319 1

21 Stopover facilities 0.098 0.191 -0.326 0.418 0.04 -0.278 0.916 0.494 0.483 -0.347 -0.597 0.196 0.663 0.109 0.016 0.084 -0.437 0.341 0.075 0.07 1

22

Intersection with 

traffic measure -0.4 -0.263 0.364 -0.08 -0.09 -0.419 -0.155 0.246 0.002 0.051 -0.042 -0.488 -0.366 -0.165 -0.143 -0.062 0.256 -0.283 0.47 -0.03 0.026 1

23 Pedestrian volume 0.12 0.143 -0.197 0.504 -0.01 -0.57 0.774 0.55 0.594 -0.324 -0.345 -0.047 0.326 0.028 -0.124 0.008 -0.294 0.147 0.315 0.231 0.761 0.303 1

24 Motorisation level -0.539 -0.158 0.313 0.03 -0.246 -0.051 -0.168 -0.41 0.025 -0.11 -0.12 -0.508 -0.201 -0.444 -0.413 -0.366 0.159 -0.532 0.71 -0.26 -0.113 0.262 -0.033 1

25 Number of tree -0.13 -0.324 0.23 -0.05 -0.481 -0.431 -0.521 -0.265 0.005 0.546 0.517 -0.446 -0.854 -0.245 -0.129 -0.149 0.363 -0.59 0.267 -0.24 -0.5 0.267 -0.225 0.128 1

26 Building height -0.388 -0.075 0.615 -0.644 0.545 0.535 -0.323 -0.108 -0.243 -0.093 -0.193 -0.139 -0.043 0.102 0.175 0.129 -0.028 0.075 -0.05 0.067 -0.256 0.156 -0.335 0.024 -0.209 1

27 Physical access -0.443 -0.145 0.452 -0.12 -0.03 -0.073 0.019 -0.076 0.237 0.031 -0.166 -0.432 -0.281 -0.367 -0.307 -0.394 0.119 -0.205 0.55 -0.18 -0.034 0.063 0.055 0.258 0.089 0.375 1

28 Visual access -0.422 -0.205 0.599 0.163 0.001 -0.224 -0.137 -0.111 0.17 0.019 -0.025 -0.547 -0.472 -0.335 -0.325 -0.304 0.242 -0.279 0.587 -0.06 -0.162 0.346 0.115 0.358 0.297 0.331 0.87 1

29 PSF -0.059 -0.103 -0.217 -0.04 -0.149 0.046 0.044 -0.041 0.005 0.225 -0.004 0.148 0.078 0.173 0.25 0.153 -0.099 0.019 -0.206 -0.24 0.033 -0.341 -0.201 -0.102 0.045 -0.153 -0.123 0.27 1Path Size Factor 
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performed in STATA SE 15.1 by using clogit command.  

For a better understanding of the model estimation, this research calculates the 

perceived utility of the BE based on children’s route choice decision by applying the 

method proposed by Guo and Loo (2013). By using the coefficient values derived from 

adjusted conditional (fixed-effect) model, the equivalence of one unit of each 

explanatory variable to route length (m) was calculated. The ratio of coefficients of 

one route length and other variable represented the equivalence value. 

Table 9-2: Unadjusted effects of individual BE attributes on route choice 

 
Variables  Unadjusted model  

OR 95% CI 

Distance 1.015*** 1.007    1.021 

Depth 1.159** 1.011    1.326 

Residential land use 1.740 .171      14.035 

Commercial and retail land use 4.175 .441       29.473 

Religious land use 168.192* .252       6343.799 

Recreational land use 1.021 .029       61.195 

Institutional land use 35.206 .028       29837.390 

Vacant land 0.149 .001       13.495 

Under construction land use 155.922 .006       2063403 

Sidewalk availability 3812.046*** 12.216    874338 

Walking environment condition 0.123* .016        1.224 

Walking environment obstruction 3.435 .103        149 

Street width 1.669 .146        19.319 

Street connectivity 0.016 .000        20.410 

Intersection with traffic light 0.000 .000        70.301 

Number of trees 0.042* .002        .851 

Building height 1.071 .026        20.783 

Visual access 0.532 .041        6.878 

Angular integration 1.026 .994        .999 

Angular connectivity 2.098** .559         7.861 

PSF 0.911 .573         1.447 

 
*  Significant at the 0.05 level 

**  Significant at the 0.01 level  

***  Significant at the 0.001 level 

9.4 RESULTS 

Results from the overall sample show that 130 out of 151 children were 

independently mobile and made 327 independent trips (70% of total trips). Table 9-3 

presents the comparative statistical summary (mean, standard deviation) of distance 

and depth of reported independent routes by each child and their competitive shortest 

and least directional routes. On average, each independently mobile child travelled 

467.96m to different destinations within their local neighbourhood. However, a child 
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would have walked 401.55m or 450.42m if the shortest distance or the least directional 

route was chosen, respectively. This means if a child’s preference were the shortest 

distance or the least directional route, he/she would have walked 14.1 % or 3.5% less 

respectively. Similarly, on average, each child made 3.27 turn (294.3º directional 

change) to reach destinations by the chosen route for his/her independent travel. A 

child would have made 3.52 turns (316.8º directional change) or 2.69 turns (242.8º 

directional change) if they chose the shortest distance or least directional routes 

respectively instead of the reported route. It would have been 7.64% additional turns 

or 17.7% less turns if shortest distance or a least directional route were chosen for 

CIM.  

Table 9-3: Comparative distance and depth of reported, shortest distance and least 

directional independent trips 

  

 Overlapping of the Reported Route and its Association with BE Factors 

The analysis of route overlapping shows that 58% of reported routes of CIM 

perfectly overlap with the shortest distance and least directional routes. This kind of 

overlapping is mentioned as 100% overlap of reported routes. This indicates that 

children chose these routes because they wanted to minimise both distance and 

directional change to destinations. In other words, distance and depth expressed the 

same for these routes. In particular, 74% of reported CIM routes have 100% 

overlapping with their corresponding shortest distance routes, whereas 70% reported 

routes have 100% overlapping with corresponding least directional routes. This result 

also indicates that 16% (74%-58%=16%) CIM trips were made based on children’s 

attempt to minimise distance, whereas for 12% (70%-58%=12%) CIM trips, children’s 

Trip Information Trip 

frequency 

% Mean SD 

Total trip  466 - - - 

Total independent trip 327 100.0 - - 

Discretionary independent trip 173 52.9 - - 

Nondiscretionary independent trip 154 47.1 - - 

Average independent trip length/child (number of children= 130)     

Reported trip length   469.97 269.98 

Shortest trip length    401.55 159.27 

Least directional trip length   450.42 162.61 

Average independent trip depth (number of turn)/child (number of children= 

130) 

    

Reported trip depth   3.27 2.41 

Shortest trip depth    3.52 2.11 

Least directional trip depth   2.69 1.92 
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intensions were to choose routes with least directional change. Thus, it can be 

concluded that there is not a large difference between the preference of the shortest 

distance and least directional route. In other words, the shortest distance and least 

directional routes are highly correlated. However, shortest distance routes were 

slightly more preferable than least directional routes by children for their CIM around 

neighbourhoods. In total, 86% of the routes were found to be chosen based on either 

distance or directional change. In addition, a substantial amount of (13%) of reported 

CIM routes was found that has no overlapping with corresponding shortest distance or 

least directional routes. This finding points to the importance of BE factors along the 

route that influenced children not to be obsessed with distance or depth, but other 

factors of BE for their CIM route choice behaviour.  

The summary of BE attributes for 43 (13% of total CIM trips) reported CIM 

routes that had no overlapping with either shortest distance or least directional routes 

are reported in Table 9-4. These trips were made by 21% independently mobile 

children where in some cases multiple trips were taken by a single child. Table 9-4 

also shows the summary statistics (mean, standard deviation) of all these BE attributes 

for corresponding shortest distance and least directional routes, and the mean 

differences in these attributes between reported and shortest distance, and between 

reported and least directional routes. As reported in Table 9-4, the t-test of mean 

differences pinpointed on the BE attributes that have significant differences between 

route types for which children were more likely to choose the reported routes. Out of 

22 BE attributes, three attributes made the reported routes preferable than respective 

shortest distance, and four attributes made the reported routes preferable than least 

directional routes. For example, children perhaps chose reported routes over the 

shortest distance route because reported routes had a greater number of en-route 

institutional land uses, lower number of directional changes and angular connectivity. 

Similarly, children did not take least directional routes because they wanted to take 

routes that are less-connected having a lower level of en-route vacant land and traffic 

measures. To avail these BE options, children made a trade-off with a higher number 

of directional changes of reported routes.  
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 Route-along BE Attributes for CIM Route Choice and their Perceived 

Utility 

As reported in Table 9-4, each child, on average, travelled 854.04m 

independently to different destinations. This is respectively 179.48m and 59.11m 

longer than the corresponding shortest distance and least directional routes. The 

number of turns made for each independent trip was 5.335, which is equivalent to 

480.15º. This would have been higher (6.179 turns/556.11º) if the shortest distance 

route was chosen and lower (3.390 turns/305.1º) if the least directional route was 

chosen by children. This result reveals that children had the option to minimise their 

travel distance or directional change; however, they chose not to, probably because of 

the other factors present along the reported route.  

The independent effects of the significant BE attributes as found from the t-tests 

were analysed in a conditional (fixed-effect) logit model, and the results of the adjusted 

model are summarised in Table 9-5. The adjusted model explains 73% variations in 

route choice outcome. 

The results of the conditional logit model indicate that angular connectivity of 

the route along with distance and step-depth of reported routes are important factors 

that impacted route choice for CIM. As shown in Table 9-5, the odds of choosing a 

route for independent travel is lower if it is more connected with other streets of the 

network. In other words, the likelihood of selecting a route of independent travel 

increases if that route is less connected with other streets. The variables ‘Distance’ and 

‘Angular step depth’ indicate that the odds of selecting a route for independent travel 

increase marginally if the route is longer and increase substantially (3.4 times) if the 

route has higher number turns (step-depth). Note that the conditional logit model only 

analysed the chosen routes that do not overlap with the shortest or least directional 

routes. Other BE attributes that were found significant in the unadjusted model (Table 

9-2) showed no significance in the adjusted model.  

The perceived utility of the significant factors as found in the conditional logit 

model was analysed in relation to the distance factor for a better understanding. Table 

9-6 summarises the results from the equivalence of distance measure where one unit 

of respective BE attributes was linked with one unit of route length (m). It shows that 

angular step-depth has a value of 30.67, implying that one (90º) directional change is 

equivalent to 30.67 meters for children independent travel. On the contrary, a child is 
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likely to travel additional 270.67 meters independently to avoid one additional 

connected route.
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 Table 9-4: Summary statistics of geographic and space syntax BE attributes of actual, shortest distance and least directional routes 

 

Variables Name Reported Route (RR) 

  

Shortest Distance 

Route (SDR) 

  

Least Directional Route 

(LDR) 

  

Mean differences (RR- SDR) 

  

  

Mean differences (RR- LDR) 

  

  

Mean SD Mean SD Mean SD Difference t-stat P-

value 

Difference t-stat P-value  

Distance 854.036 83.756 674.552 70.027 794.927 75.412 179.484 1.466 0.143 59.108 0.517 0.692 

Depth 5.335 0.315 6.179 0.391 3.390 0.186 -0.844 -1.658 0.051 1.945 5.272 0.000 

Residential land use 2.154 0.033 2.211 0.031 2.076 0.048 -0.057 -1.216 0.262 0.078 1.301 0.876 

Commercial and retail land 

use 

1.385 0.032 1.334 0.033 1.374 0.042 0.051 1.012 0.416 0.011 0.089 0.542 

Religious land use 0.069 0.008 0.067 0.011 0.056 0.008 0.002 0.195 0.919 0.013 1.129 0.900 

Recreational land use 0.162 0.021 0.182 0.021 0.135 0.015 -0.020 -0.823 0.506 0.027 0.950 0.825 

Institutional land use 1.110 0.007 1.083 0.009 1.125 0.011 0.027 2.268 0.026 -0.015 -1.324 0.118 

Vacant land 0.378 0.023 0.374 0.023 0.428 0.021 0.004 0.326 0.732 -0.050 -1.452 0.083 

Under construction land use 0.108 0.021 0.091 0.018 0.105 0.018 0.016 0.581 0.563 0.003 0.124 0.561 

Sidewalk availability 0.207 0.027 0.177 0.023 0.184 0.018 0.030 0.835 0.424 0.024 0.707 0.754 

Walking environment 

condition 

2.376 0.047 2.397 0.047 2.470 0.040 -0.021 -0.389 0.698 -0.094 -1.538 0.082 

Sidewalk obstruction 0.452 0.029 0.416 0.029 0.463 0.032 0.035 0.824 0.413 -0.011 -0.428 0.335 

Street width 2.971 0.101 2.983 0.101 2.925 0.012 -0.012 -0.079 0.972 0.047 0.332 0.613 

Street connectivity 2.048 0.020 2.038 0.016 2.081 0.030 0.010 0.388 0.699 -0.033 -1.446 0.075 

Intersection with traffic 

measure 

0.023 0.005 0.019 0.006 0.036 0.006 0.004 0.419 0.676 -0.013 -1.717 0.051 

Motorisation level 3.139 0.066 3.207 0.061 3.190 0.057 -0.068 -0.848 0.399 -0.052 -0.696 0.232 

Number of trees 2.003 0.058 2.076 0.059 2.077 0.055 -0.073 -0.853 0.415 -0.074 -0.911 0.210 

Building height 1.980 0.033 2.030 0.039 1.927 0.039 -0.051 -0.963 0.298 0.052 0.975 0.818 

Visual access 2.113 0.040 2.132 0.040 2.108 0.039 -0.019 -0.353 0.788 0.005 -0.162 0.439 

Angular integration 386.737 8.943 382.130 10.309 387.307 8.798 4.608 0.353 0.637 -0.570 -0.043 0.483 

Angular choice 99156.16 11666.44 90722.49 11111.52 103583.00 13236.18 8433.67 0.473 0.681 -4426.840 -0.228 0.410 

Angular connectivity 2.820 0.045 2.883 0.045 2.868 0.040 -0.063 -0.999 0.060 -0.047 0.828 0.293 
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Table 9-5: Conditional (fixed-effects) logistic regression analysis results of route 

choice for CIM 

 
Explanatory factors 

  

Outcome variable: reported routes compared to the shortest 

distance and least directional routes 

Odds ratio z p > z 

Angular connectivity 0.001 -2.17 0.030 

Distance 1.041 3.73 0.001 

Angular step depth 3.446 3.05 0.002 

Sidewalk availability 0.022 -2.75 0.006 

Log pseudo-likelihood   -12.54 

Wald chi² 
  

14.37 

Pseudo R² 
  

0..737 

N (Route) 
  

129 

 

Table 9-6: Equivalence of distance for route attributes 

 
Route attributes Measures   

  Conditional logit model coefficients  Equivalence of distance 

(m) 

Distance 0.0403 1.00 

Angular step depth 1.237 30.67 

Angular connectivity -10.916 270.67 

All sig at 0.05 level 

9.5  CHAPTER SUMMARY  

This chapter explains how children choose routes for their independent travel 

around the neighbourhoods. In doing so, this research addresses another gap in the 

CIM literature: how two parallel schools of thought in planning research (geographic 

vs topological) respond to route choice for CIM. The difference between the two 

schools of thought is that they conceptualise ‘shortest distance’ in a different way. 

While geographic approach used metric distance as ‘shortest distance’ and 

conceptualised as the main determinant of pedestrian behaviour, the former thinks it is 

visual distance (i.e., less directional changes). The study addresses the objectives using 

self-reported two-day mobility data of 151 children aged 10-14 years from Dhaka, 

Bangladesh. Their reported route attributes were compared with the competitive 

shortest distance and least directional routes using percentage overlap method. 

Conditional logit model was estimated to determine the effects of 28 topological and 
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geographic BE data on route choice for CIM. The results reveal that the route choice 

measure can capture new insight into BE-CIM associations. 74% shortest distance 

route and 70% least directional routes perfectly overlapped with taken routes 

indicating that: a) children were slightly more likely to prefer the shortest distance 

route than least directional routes for CIM around neighbourhoods; b) the deviation 

from these two types of routes indicates the influence of BE factors (e.g., angular 

connectivity of a route to others routes in a network) of taken routes on route choice 

for CIM.  

The next chapter discusses the results presented in each chapter to address the 

research objectives with a conclusive remark of this research.  
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 Discussion and Conclusion 

10.1 INTRODUCTION 

Children independent mobility (CIM), described as the freedom of children to 

explore their neighbourhood environment without adult’s supervision, is critical for 

children’s various health-related benefits including physical, cognitive, 

communicational, navigational, analytical and social development. Along with overall 

health benefits for children, CIM has some broader influences on city and society, such 

as environmental sustainability, community liveability, informal social control, and 

reduced chauffeuring time and mental stress of parents. Despite the widely 

acknowledged benefits, CIM has declined all over the world over the last few decades. 

As a result, research on BE-CIM associations is increasing to identify the BE factors 

that can promote CIM. However, the impacts of these associations are inconsistent in 

terms of magnitude and direction of associations. This inconsistency raises the 

question about the true effects of studied BE factors. Moreover, the existing BE-CIM 

literature is mostly based on geographic properties of BE. The application of 

topological BE (as conceptualised by space syntax theory and concept) is very limited 

in CIM studies. Topological BE conceptualise and measure BE in a different way than 

geographic BE, such as measuring ‘shortest distance’ by directional change (named as 

depth) instead of metric distance. Street configuration is the core of topological 

concept. Since topological indicators have been found as important determinants of 

pedestrian movement including children’s active travel, these are likely to influence 

CIM as well. However, the results of topological BE-PM are inconsistent and not 

entirely applicable to CIM due to its differential nature of CIM than adult’s/ children’s 

active travel behaviour indicating the need for topological BE-CIM specific studies.  

The existing BE-CIM studies focused mostly on school trips assuming that 

school is the prime destination for children. However, studies have shown that children 

make more discretionary trips than mandatory trips (e.g., school). Consequently, it is 

less known how the BE affects discretionary trips, less so, how the effects vary 

between discretionary and nondiscretionary CIM trips.  

To promote CIM, measuring CIM by understating the multiple dimensions of it 

is crucial. Although, CIM has been measured in various ways in existing BE-CIM 
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literature, (e.g., territorial range (TR) or maximum distance travelled independently, 

mobility licence from parents, and likelihood of CIM trip), a significant problem is 

that these CIM indicators do not indicate the route choice behaviour for CIM or the 

extent of CIM trips. Route choice is an essential behavioural phenomenon that enables 

identify BE preferences for taking a particular route over competitive route 

alternatives. Despite being an important behavioural element, studies on route choice 

for CIM are absent. The examination of BE preference of children's route choice for 

independent travel can provide new insight into designing a children-friendly physical 

environment. Similarly, the applied CIM indicators do not indicate whether a child is 

labelled as independent for being independent for all trips or a single trip. This 

weakness of previous studies suggests applying proportionate measures to understand 

the relationship between CIM and BE factors. Despite the wide application of 

proportion measure in active travel research of both children and adults, it has little 

been applied in CIM research.  

Based on the above problems, this research intended to broaden the knowledge 

of CIM by investigating known and potential CIM indicators in relation to a wide range 

of topological and geographic BE attributes, and by comparing these effects between 

discretionary and nondiscretionary activities.  

This chapter summarises the major findings of different studies of this research. 

First, the findings from all studies comprised of meta-analysis of literature and 

empirical analysis are reviewed with reference to the research question and research 

objectives. Second, it presents the contribution to this research to scientific knowledge 

and its implications in the policy. The chapter ends with the limitations of the study, 

followed by recommendations for future research in order to extend knowledge in this 

research area.  

10.2 DISCUSSION OF FINDINGS  

This section presents the key findings of the research. A summary of the key empirical 

findings is outlined in Table 10-1. The findings are further discussed in the respective 

sub-sections (Section 10.2.3, 10.2.4, 10.2.5, 10.2.6). 
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 Table 10-1: Summary of results on BE-CIM associations 

CIM 

indicator 

All destinations Discretionary destinations Nondiscretionary destinations 

Significant BE factors 

Geographic BE  Topological BE Geographic BE  Topological BE Geographic BE  Topological BE 

Likelihood of 

CIM trip  

1. Recreational land use 

2. Traffic composition 

along the route 

1. Angular step-depth 

2. Angular integration 

1. Recreational land use 

2. Traffic composition along 

the route 

1. Angular 

integration 

1. Institutional land 

use 

 

1. Angular step-depth   

2. Angular 

connectivity 

Territorial 

range (TR) of 

CIM 

1. Residential land use 

2. Walking environment 

condition 

3. Number of tree shades 

1. Angular step-depth  

2. Angular integration 

1. Under construction land 

use 

2. Sidewalk availability 

 

1. Angular step-

depth  

1. Walking 

environment 

obstruction 

3. Building height 

1. Angular step-depth  

2. Angular 

integration 

The 

proportion of 

CIM trip 

1. Distance 

2. Recreational land use 

3. Walking environment 

condition 

4. Building height 

- 1. Distance 

2. Recreational land use 

 

- 1. Distance 

2. Walking 

environment 

condition 

 

1. Angular 

connectivity 

Route choice 

for CIM 

1. Distance 

 

1. Angular step-depth 

2. Angular connectivity  

- - - - 

CIM indicator Significant Socio-demographic factors 

Likelihood of 

CIM trip 

Gender 

Age 

Number of siblings ≤ 18 years old 

Number of motorised vehicles 

Number of siblings ≤ 18 years old 

 

Gender 

Age 

Number of siblings ≤ 18 years old 

Number of motorised vehicles 

Territorial 

range (TR) of 

CIM 

Age 

Gender 

Number of vehicles 

Gender 

Highest education of dad (Masters) 

Gender 

Age of dad (>45) 

The 

proportion of 

CIM trip 

Number of motorised vehicles Number of motorised vehicles Number of known people in neighbourhood 

Number of siblings ≤ 18 years old 
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 Which of the Geographic Factors Consistently Correlate to CIM? 

This is the first meta-analysis that generalised the findings across the studies 

regarding the significance and direction of the associations of frequently reported BE 

variables with CIM. This study examined 13 BE factors from 5Ds which can broadly 

be categorized as; a) the distribution of land uses (proportion of residential land use, 

proportion of commercial land use, residential location type (urban-suburban), 

distance to destination, residential density, availability of recreational facilities and 

land use mix); and b) street design patterns (dead-end street, traffic volume, proportion 

of major road, intersection density, road density and street width). The findings 

presented in Chapter 3 reveal that both of these aspects of the BE have a significant 

association with CIM. For example, dead-end street and proportion of residential land 

use have the most positive effects on CIM. In contrast, the vehicular street width 

variable has the most negative effect on CIM. The findings suggest that both aspects 

of the environment are essential to design a child-friendly BE in order to enable them 

to move independently. Consistent with the width of vehicular street factor, most other 

street design factors were also found to have a negative association with CIM 

supporting concerns of researchers that the street might be a reason for children to 

spend less time outdoors, depending upon the street characteristics (Hillman & Adams, 

1992; Karsten & van Vliet, 2006; Moore, 1987). A highly consistent result of the width 

of vehicular street variable reaffirms the significance of the traffic safety factor to 

enhance CIM because parents are less likely to give mobility licence to their children 

when they face heavy traffic (Björklid & Gummesson, 2013; Hillman, et al., 1990; 

Timperio, et al., 2004; Villanueva, Giles-Corti, Bulsara, Timperio, et al., 2012).  

Most studies focusing on adult walking behaviour have reported that intersection 

density has a positive influence and that dead-ends have a negative influence on 

walking (Frank, Schmid, Sallis, Chapman, & Saelens, 2005; Saelens, Sallis, & Frank, 

2003; Van Cauwenberg et al., 2011). These effects were found to be reversed in the 

case of CIM. This is conceptually plausible for children because dead-end streets or 

cul-de-sacs generally serve less traffic with protected opportunities for children’s 

outdoor activities (Brown & Werner, 1985; Carver, Timperio, & Crawford, 2008; 

Hochschild, 2012). Furthermore, low-density traffic in front of a child’s home reduce 

safety concerns and ease parental restrictions (Islam, et al., 2014; Moore, 1986). 

However, the conflicting findings between these two age groups (children vs. adults) 



 

208 Chapter 10: Discussion and Conclusion 

raise an important policy concern: how to design streets that facilitate walking for all 

age groups, or in other words, how should city planner and urban designer negotiate 

between dead-ends and connected streets in the provisioning of road networks within 

a neighbourhood?  

Unlike street design factors, the impacts of the distribution of land uses were 

found to be mostly positive (proportion of residential land use, proportion of 

commercial land use and residential location type). In contrast, the ES of land use mix 

variable was found to have the largest negative value among all the land-use variables. 

A few of the relationships thus require a careful interpretation from a policy 

perspective. First, a significant positive ES of the proportion of residential land and a 

non-significant negative ES of residential density factor suggests that having a large 

residential area is important to enhance CIM irrespective of the design density. Second, 

this large residential zone must accommodate patches of commercial facilities (but not 

other land-use types). Again, the commercial patches must be located close to 

residential land uses. Third, priority should be given to the distribution of land uses of 

children’s interests. All of the local destinations of children’s interests from daily to 

occasional basis (e.g., school, friends’ house, leisure destinations) should be located in 

close proximity to the child’s house. Because the longer travel distance not only 

increases the restrictions on independent travel (Cervero, 1996; Zwerts, et al., 2010), 

it also encourages the use of motorised vehicles and chauffeuring children to 

destinations (Bradshaw, 1995; Fyhri, et al., 2011; Mackett, 2002).  

Therefore, the findings of this research are mostly consistent with prior studies 

on children mobility behaviour except for the land use mix factor. The findings 

confirm that land use mix shrinks the territorial range of children (O'Brien, et al., 2000; 

Villanueva, Giles-Corti, Bulsara, Timperio, et al., 2012). Though for active travel, 

greater land-use mix was found to be an important predictor among adolescents 

(Larsen, et al., 2009) and adults (Frank, et al., 2003; Owen, et al., 2004; Powell, et al., 

2003). However, when it comes to children’s independent travel, an increased number 

of people on the street, due to a diversified landscape, might enhance the mobility 

restriction and safety concerns among children and parents. This finding aligns with 

the negative impact of ‘stranger fear’ on CIM reported in previous studies (Hillman, 

et al., 1990; Joshi & MacLean, 1995; Valentine, 1997). However, the results of this 

meta-analytic review strengthen the concept that the environmental variables interact 
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with each other (Ghekiere, et al., 2014). The presence or absence of one or more BE 

variables might strengthen or weaken the influence of others on CIM. 

The generic findings and observations, as reported previously, might not be fully 

applicable in all contexts. As found in this research, the effects of the BE factors vary 

substantially between developed and developing country contexts. For example, 

distance to destinations, mixed land use, and intersection density factors were found 

to be a stronger barrier of CIM in developing countries whereas they have little to no 

effect in the context of developed countries. In contrast, the width of vehicular street 

has the largest negative effect in the context of developed countries, but little effect in 

developing countries. This is largely due to the differences in safety perception 

between these contexts. An increase of vehicular street width is likely to increase 

traffic volume, traffic speed and accident, and therefore, this factor is a greater concern 

for parents and children from developed countries. The variation in the level of CIM 

was also observed between settlement patterns (urban vs. suburb) within a context. 

These findings add to the understanding of the spatial dynamics of BE-CIM 

relationship (Priemus, Nijkamp, & Banister, 2001). It clearly shows how CIM changes 

with respect to the changes in the built environment, be it: contextual differences, or 

differences in urban structure (urban-suburban), or differences in urban form (density, 

dead-end streets). 

One general observation from the findings is the presence of strong 

heterogeneity among the primary studies. These statistical inconsistencies are the 

results of substantial differences among study designs and characteristics of subjects 

in primary studies. Moreover, no standard measurement strategies have been followed 

by the primary studies. These inconsistencies in methods and measurement strategies 

hampered the homogeneity of some generalised findings. Revision of methodology 

design with a more consistent and recitative approach for CIM is required keeping in 

mind the children’s special need and demand which differs from adults.  

 Which of the Topological Factors Consistently Correlate to PM? 

This is the first meta-analysis that has drawn a generalised conclusion on the 

strength (effect size) and direction of four space syntax indicators (integration, choice, 

connectivity and control) that have frequently been used in the space syntax literature 

to explain PM behaviour within an urban area. This study also investigates whether 

the effect sizes of two widely applied indicators (integration and choice) vary based 
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on their derivation methods (topological, angular and metric). Then this research 

investigates whether the impacts of these measures are intra-variant elements 

independent of specific urban tissue associated with a different geographic location 

(developed and developing) or not. A generalised PM of adult and children was 

selected due to a scarcity of children-specific studies. The findings help to understand 

the potential of these space syntax indicators on CIM. 

A significant output of this analysis is the ranking of the indicators in terms of 

their importance to explain PM behaviour. The findings from this research show that 

the reported results in previous studies varied considerably for some indicators (e.g., 

topological integration) and when combined, the overall effect size became very small 

and statistically insignificant. This finding suggests that city planners and 

policymakers should take a cautious approach to apply this type of intervention (e.g., 

topologically integrated streets) to enhance pedestrian movement. The research also 

observes likely causes of such inconsistencies in existing knowledge bases.  

This research indicates that most topological factors have a positive influence on 

PM. For example, integrity, the option of choice and connectivity of streets can 

promote PM. The findings highlight the importance of space syntax measures to 

inform pedestrian-friendly design in order to promote walking. The maximum strength 

and significance of choice indicator reaffirm that when moving to different type of 

destinations, pedestrians are more likely to choose the shortest route among 

competitive routes in a network (Berhie & Haq, 2015; Lerman, et al., 2014). The 

choice indicator has recently been applied in the space syntax literature. However, it 

possesses stronger and a more consistent correlation with PM than other conventional 

topological indicators such as integration (Al_Sayed, Turner, & Hanna, 2012; Hillier, 

Yang, & Turner, 2012). Also, the effect of choice indicator remains consistent when 

tested with the two derivation methods. The overall effect of integration was found to 

rank second. It highlights that more integrated streets are more accessible and more 

attractive to pedestrians for natural movement. In addition, to enhance PM, this finding 

has significant policy bearings for sectors. For example, once a street attracts more 

pedestrians, commercial land uses tend to grow up along that street as they are suitable 

for pedestrians for a frequent visit (Hillier, et al., 1993), which in turn attracts further 

pedestrians and consequently lively, vibrant, economically beneficial and pedestrian-

friendly areas result in a city (Hillier, 1996, 2007). 
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The findings of this research indicate that the way we measure topological 

indicators has an important influence on the outcome. This research found that overall 

integration has a positive effect on PM. However, when these are separately 

investigated based on their derivation method, the findings changed dramatically. 

While angular integration ranked first in terms of strength, topological integration 

appeared to have no significant effect on PM. The dominance of angular method also 

appeared for choice indicators. These findings better explain PM (Hillier & Iida, 2005; 

Turner, 2007). These findings also support the assumption that while navigating 

through an urban environment, people tend to estimate the angular distance to reach a 

destination (Hillier, 2009). The contrasting findings between topological integration 

and angular integration, however, seek for further research that can step forward and 

investigate the outcomes of individual subgroups separately. Another key finding of 

this research is that the effect sizes as reported in the primary studies are highly 

heterogeneous. These statistical inconsistencies are the results of substantial 

differences in study designs and sample characteristics among the primary studies.  

The generic findings and observations of all measures, as reported previously, 

might not be fully applicable to all contexts. As found in this research, the effects of 

these space syntax measures vary slightly between developed and developing country 

contexts. For example, integration was found to be a stronger promoter of PM in 

developing countries whereas it has little effect in the context of a developed country. 

In contrast, the choice measure largely influences PM in the context of a developed 

country but has lower effect in developing countries. Despite the slight difference in 

the strength of association of integration and choice in different contexts, both 

measures echoed previously reported general ranking and confirmed their intra-variant 

nature. Almost two and three times stronger ES of choice in developing and developed 

country context respectively reveal that the route options matter most than the distance 

and directional changes of destinations to pedestrians everywhere (Pont & Marcus, 

2015). However, the opposing performances of choice and integration in terms of 

strength of ES in different contexts are largely due to the cultural and social differences 

in perception of safety and ease of movement between these contexts. The higher rate 

of accident and crime in cities of developing countries (Nantulya & Reich, 2002; 

Natarajan, 2016) might be a major concern to pedestrians which ends up looking for a 

more integrated, vibrant and safe streets. The variation in the level of PM was also 
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observed between settlement patterns (modern vs. pre-modern, traditional vs historic, 

urban vs suburban, city centre vs neighbourhood) within a context. These findings add 

to the understanding of the spatial dynamics of space syntax measure-PM relationship. 

It clearly shows how PM changes with respect to the changes in the built environment, 

be it: contextual differences, or differences in street pattern design (integration, 

connectivity, gridiron vs dead-end streets). 

 How do BE Factors Affect the Likelihood of CIM Trip between 

Discretionary and Nondiscretionary Destinations? 

This section discusses and justifies the effect of a wide range of topological and 

geographic features of BE on the likelihood of CIM trips to different local destinations. 

This section also discusses how the BE impacts vary between discretionary and 

nondiscretionary destinations. The influence of socio-demographic factors in shaping 

up BE- the likelihood of CIM trip was also discussed in this section.  

10.2.3.1 Topological BE is an important factor for CIM trips 

Several observations can be made from the empirical results of the relationship 

between BE and the likelihood of CIM. First, the topological dimension was found to 

be as important as the geographic dimension. For example, the significant negative 

association of angular step-depth confirms that children are more likely to avoid the 

visually longest routes in the street network. This finding indicates that an increased 

degree of directional changes in a route, regardless of its metric distance, acts as a 

barrier to CIM. The negative association between angular step-depth and CIM could 

be attributed to the decreased sense of safety and comfort along with increased 

perceived risk among children and parents when the visual connection is interrupted. 

Perceived risk of children and parents has already been identified by Carver, Timperio, 

Hesketh, and Crawford (2010) as a barrier to children’s active travel. The high 

correlation between depth and distance indicates that they are both important in 

explaining CIM. The importance of step-depth as found in this research and distance 

to destinations as found in previous research, for example in Loebach and Gilliland 

(2014), has significant policy bearings and should both be considered while in 

designing the street networks of an area. 

The negative association between integration and CIM reaffirms that children’s 

travel choices are different from adults. While integrated streets are more attractive 

and accessible to adult pedestrians, the same streets are less appealing to children to 



  

Chapter 10: Discussion and Conclusion 213 

walk independently. This is an interesting finding that contradicts the general 

assumption that pedestrian movement potentials and exploratory natural movement 

are likely to increase on highly integrated streets (Hillier, et al., 1993; Turner & Penn, 

2002), characterised by lower crime rates and antisocial behaviours as reported in 

Hillier and Shu (2000). One explanation of this could be that more integrated streets 

mean more connected streets, which are in turn linked with increased traffic volume. 

Heavy traffic and traffic safety have always been a major concern for children and 

parents for CIM (Carver, Panter, et al., 2014; Tranter & Doyle, 1996; Villanueva, 

Giles-Corti, Bulsara, Timperio, et al., 2012; Villanueva, et al., 2013). Aligned with the 

above literature, this study confirmed children’s preference of routes which cater 

predominantly to low-speed non-motorized traffic and are less connected to other 

streets. This finding reconfirms previous findings that more connected roads reduce 

CIM whereas dead ends (opposite to connected street) increase CIM in Dhaka (Islam, 

et al., 2014; Monsur, et al., 2017). The negative association with angular connectivity 

is in contrast with adults’ active travel behaviour as found by Wineman, et al. (2014), 

highlighting the importance of configurational properties of streets on CIM. 

Integrated streets, furthermore, increase the opportunities for commercial growth 

along the street, which consequently attracts further pedestrians and transform the 

street to more crowded (Can & Heath, 2016; Peponis, et al., 1996). The increased 

crowd could be associated with an increased level of stranger danger among children. 

If children perceive stranger danger, their CIM drops in the context of both developed 

and developing countries (Bwire, 2011; Foster, et al., 2014). This explains why 

children of current study avoided the routes with more integration and institutional 

facilities. Moreover, perception of crime associated with highly integrated street might 

be another reason for a negative association with integration as Nubani and Wineman 

(2005) found that more locally integrated street encourages more criminal activities. 

However, unlike institutional land-uses, the presence of recreational land-uses 

such as a water body, park and playgrounds along the route were found to promote 

CIM. This aligns with previous findings that children living near a park tend to make 

more CIM trips (Mackett, et al., 2007; Prezza, et al., 2001). 

These findings further raise two major policy concerns: a) how should the city 

planners and urban designers balance between highly integrated/connected street and 
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less traffic volume? and b) how should the BE professionals negotiate between child-

friendly land-use and adult-friendly land-uses in a neighbourhood? 

10.2.3.2 BE effects discretionary and nondiscretionary CIM differently 

This study found that the geographic and topological BE variables correlating 

with discretionary and nondiscretionary CIM are different. For instance, as a 

topological factor, step-depth, and angular connectivity was found to have statistically 

significant associations with nondiscretionary CIM. In contrast, it was integration for 

discretionary CIM. Similarly, some geographic BE factors such as presence of 

recreational land-use along the route, and traffic composition are only associated with 

discretionary CIM whereas presence of institutional land-use is only associated with 

nondiscretionary CIM. A plausible justification could be that children prefer direct and 

safe routes to nondiscretionary destinations (e.g., school) which are mandatory and 

regular in nature while accessing independently. On the other hand, for discretionary 

CIM (e.g., park, shop, friend’s home), children tend to go through less crowded and 

more relaxing areas (where parks or waterbodies exist along the routes). These 

findings indicate the policy bearing that BE interventions should be customised 

according to the destination type to promote CIM. 

10.2.3.2 Influence of socio-demographic factors on the likelihood of CIM 

Other than BE variables, socio-demographic and personal factors were found 

consistently important for children’s overall, discretionary and nondiscretionary trips. 

Consistent with previous studies, older children and children having siblings were 

found more likely to make independent trips whereas, girls compared to boys and 

children having motorised vehicle at home are less independent (Lopes, et al., 2014; 

Prezza & Pacilli, 2007; Rissotto & Giuliani, 2006). However, depending on the 

purpose of trips, the significance of these factors varies. For example, for discretionary 

trips, only having siblings can make a positive difference, whereas, for 

nondiscretionary trips with school having a major share, boys and older children enjoy 

more independence.  

 How is Territorial Range (TR) between Discretionary and 

Nondiscretionary Trip Affected by Various BE Features? 

This section discusses the variation between nondiscretionary and discretionary 

TRs and how they are influenced by various topological and geographic attributes of 
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BE. This section also discusses the role of socio-demographic factors on BE-TR 

association. 

10.2.4.1 Nondiscretionary TR is greater than discretionary TR 

This research reveals that children have a substantial difference in their TR to 

discretionary and nondiscretionary destinations. Nondiscretionary TR (664.14m) is 

almost 40% greater than the discretionary TR, despite the larger number of 

discretionary trips reported. Surprisingly, 11% of children never ventured more than 

200m from their home to discretionary places. A greater number of discretionary trips 

within a much smaller range (200m) indicates that: 1) a higher number/proportion of 

independent trips do not necessarily mean a larger TR; and 2) when a greater diversity 

exists in discretionary destinations within a short distance, children might feel 

discouraged to move further. This might be the reason for the large difference between 

discretionary and nondiscretionary TR found in a dense urban area. The overall, 

discretionary and nondiscretionary TRs differ from the findings of Van Vliet (1983), 

who found that TR for the majority of participants is beyond 800m. However, The TRs 

partially align with Shaw, et al. (2013), who showed that 35% of children 

independently travel up to 500m from home.  

10.2.4.1 BE impacts nondiscretionary and discretionary TR in a different 

way 

This study found different sets of promoters and barriers to discretionary and 

nondiscretionary TR. The key variations are discussed on three levels. First, the 

topological BE attribute (i.e., angular integration and angular step-depth) has a 

significant association with both discretionary and nondiscretionary TR. However, 

angular integration significantly impacts only nondiscretionary TR while angular step-

depth is influential for both types of TRs. The negative impact of angular integration, 

which measures how close each segment is to all others in terms of the sum of angular 

changes that are made on each route (Hillier & Iida, 2005), confirms that when moving 

to different nondiscretionary destinations independently, children’s preferred routes 

not correspond to the higher integration value of segments. This behaviour of children 

denies the general assumption of space syntax theory and concept that integrated 

streets can be more appealing to pedestrians. Integrated streets are characterised by 

having a higher potential of natural/exploratory kind of movement with a lower chance 

of crime and antisocial behaviour and therefore, assumed to attract more pedestrians 
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(Hillier, et al., 1993; Hillier & Shu, 2000; Turner & Penn, 2002). The negative impact 

of integration on TR confirms that children’s travel behaviour differs from adults, 

which is why numerous studies on adult’s travel behaviour reported positive 

associations with integration (Baran, et al., 2008). This result aligns with children’s 

active but dependent travel behaviour found by Argin and Torun (2015) that child’s 

walking to school is negatively associated with integration. A possible explanation 

might be that highly integrated streets encourage criminal activities as reported in 

Nubani and Wineman (2005), thus increase the perception of lack of safety and 

security among children. Furthermore, integrated streets are often associated with a 

higher level of street connectivity and therefore attract high volume and speedy traffic. 

This, in turn, can create a safety concern, and therefore discourages children from 

travelling the extra mileage along the integrated street. Traffic safety is the biggest 

concern for both children and parents for CIM regardless of the age and gender of 

children (Carver, Panter, et al., 2014; Collins & Kearns, 2001; Tranter & Doyle, 1996; 

Villanueva, Giles-Corti, Bulsara, Timperio, et al., 2012; Villanueva, et al., 2013). 

Another explanation might be the growth of commercial activities and crowds along 

the integrated streets as a by-product of street characteristics as reported in previous 

studies (Can & Heath, 2016; Peponis, et al., 1997; Peponis, et al., 1996). Commercial 

growth en-route can increase the fear of stranger danger among children and 

consequently discourage children to choose integrated streets to travel extra mileage 

while moving independently.  

The positive associations of angular step-depth with both discretionary and 

nondiscretionary TRs confirm that visually longer route can encourage children to 

travel extra mileage independently regardless of the type of destinations. This is in 

contrast with Zdrahalova and Boumova (2016) who found that visually non-straight 

routes can create a safety concern, and therefore, discourages children from travelling 

to school independently. This could be attributed to the urban quality of streets that 

makes some streets preferable, more exciting and subject to new surprises for what 

children are ready to choose route with more directional changes thus extend their 

independent TR. In doing that, children also trade-off the perception of increased 

distance to destination that is correlated with increased directional change as reported 

in Jansen-Osmann and Wiedenbauer (2004). The result also shows that to some extent 

visual distance (depth) and metric distance as conceptualised by geographic and 
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topological school of thoughts to measure distance between origin-destination have 

the similar impact on TR, having the same directional association. The practical 

implication of these results would be the provision of destinations with routes that are 

less integrated with street network and non-directional but safe for TR extension. 

Second, among three broad categories of geographic BE attributes, as reported 

in Chapter 7, land use (i.e., under construction land) largely correlates only with 

discretionary TR, and aesthetics and comfort (i.e., walking environment obstruction, 

building height) largely correlate with nondiscretionary TR. The walking environment 

has a positive effect on both types of TRs. Since the nondiscretionary destinations are 

not located in close proximity to home and the nature of the trips are mandatory, factors 

that provide a sense of comfort, safety, and ease of movement convince children to 

develop TR. On the other hand, for discretionary trips that are in general short-ranged 

from home, aesthetics and comfort are not important to children; instead, the en-route 

land use is important to decide whether the TR to be extended or not. 

The positive impact of the presence of under-construction land along the route 

on discretionary TR found in this study suggests that in the context of Dhaka, where 

children have lack of access to outdoor play and streets are considered as the last resort 

of children’s outdoor play as reported by Monsur, et al. (2017), under construction 

land give children a temporary room for play and spend time. Residential land use is a 

unique en-route BE feature that is only found to correlate to overall TR. The negative 

impact of the en-route residential land on overall TR found in this study contrasts with 

the general assumption that higher density and compact structure in a neighbourhood 

reduces the distance by increasing proximity, thereby increasing the extent of CIM 

measured by mobility licence (Prezza, et al., 2001). The findings of this study, 

however, are in line with a recent study which found that higher residential footprint 

in a neighbourhood hinders CIM when measured by independent time spent outside 

(Loebach & Gilliland, 2014). This negative correlation might be because of the 

dominance of en-route residential land that restricts and effectively reduces the 

establishment of other destinations of children’s interests, which consequently limits 

children from moving further. These findings indicate that policymakers and BE 

professionals need to make a cautious balance between distribution of various land 

uses along the routes, and when aiming for an extension, understanding the type of TR 

of children is important. 
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As a component of aesthetics and comfort category of BE, the vertical dimension 

of building negatively correlates to nondiscretionary TR. This finding is in contrast 

with Monsur and Islam (2011), which reported no significant associations between 

building height and TR. In the current study context, the sense of enclosure created by 

the ratio of average building height: street width (3- 6 stories/9-18m: 3-6 m) is too 

tight. Knaap, et al. (2005) state that the ratio should be 1:2 to 1:3.3; beyond this ratio, 

the enclosure becomes too weak or too tight. Jacobs (1993) also claimed that three-

storied buildings are the maximum dimension for the human-scaled street, which is 

also lower than the average building height found in the current study.  

Third, the ‘walking environment’ has been found to have a mixed effect on both 

discretionary and nondiscretionary TR. While the presence of a sidewalk promotes 

discretionary range, en-route obstruction hinders nondiscretionary range. The walking 

environment condition, in general, has been found to have a positive impact on overall 

TR. In general, these findings imply that if children have the ease of access on the 

routes that have sidewalks, and are free from cracks, holes, dirty objects and 

obstructions, including poles, garbage vans, vendors, illegally parked vehicles and 

construction materials, they tend to stretch their TR more. Intuitively, the findings 

agree with Saelens and Handy (2008)’s finding that a better walking environment 

correlates with more walking. Poor maintenance or poor physical appearance of a local 

environment is negatively perceived by children and parents, which in turn, restricts 

independent travel (Bwire, 2011; Mitra, et al., 2014). Thus, a higher proportion of tree 

shade along routes, which enhances comfort, and visual appeal to children as shown 

in Boldemann et al. (2006), was found to expand overall TR. The findings imply that 

policymakers need to think beyond the conventional land uses and street design BE 

attributes. They need to think about aesthetic quality, maintenance, and the comfort 

level of the urban environment as important criteria in BE design to encourage CIM.  

10.2.4.2 Influence of socio-demographic factors on TR 

The finding on gender is in line with other TR studies; boys have a greater range 

to both discretionary and nondiscretionary destinations than girls (Villanueva, Giles-

Corti, Bulsara, McCormack, et al., 2012). The range difference between boys and girls 

is larger for nondiscretionary trips than discretionary trips. This may have resulted 

from the general range difference between discretionary and nondiscretionary trips. 

Parent’s age and education level also influence TR. TR shrinkages with the increase 



  

Chapter 10: Discussion and Conclusion 219 

of father’s age, suggesting that older fathers become more protective and less confident 

about a child’s ability to roam around independently. Although fathers seem less 

restrictive than mothers for children’s independent mobility in general (Schoeppe, et 

al., 2016), more studies are needed to understand the change of their perception and 

parenting style with progressing age. Interestingly, higher education of fathers 

encouraged TR extension. The higher levels of education probably increase awareness 

among fathers about the need for TR extension as well as CIM. This finding aligns 

with Schoeppe, et al. (2016) in which parents with lower education are more likely to 

restrict children’s independent mobility.  

 Can Proportion of CIM Provide New Insight into BE-CIM Association?  

This is the first CIM study that investigated the potential and explanatory power 

of the proportion of CIM trips beyond the count of CIM trips. This section discusses 

how do topological and geographic BE factors influence the proportion of CIM trips 

and how does the result differ between discretionary and nondiscretionary trips. It also 

discusses the significance of various socio-demographic factors for the BE-the 

proportion CIM associations. 

10.2.5.1 The explanatory power of the proportion of CIM is better 

This research reveals that the proportion of CIM to discretionary destinations 

(park and shop) is higher than that of nondiscretionary destinations. This research has 

also identified that the highest frequency of CIM trips to particular destination (e.g., 

school) does not always reflect the highest proportion of CIM. The highest frequency 

of CIM trips to school justifies why school-based CIM has gained larger attention in 

the earlier studies (Broberg & Sarjala, 2015; Carver, Panter, et al., 2014). Nevertheless, 

the destinations with the highest proportion of CIM should be taken into account to 

gain a proper understanding. These findings indicate the explanatory power of the 

proportion measure that provides information beyond the count of CIM trips. In 

addition, the proportion measure provides information that was not covered by other 

traditional CIM indicators such as CIM territorial range and CIM licence. Therefore, 

the proportion indicator as applied in active travel transport research (Falb, et al., 2007; 

Oliver, et al., 2015; Xing, et al., 2010) should be applied in CIM studies along with 

the traditional CIM indicators for a robust understanding of CIM behaviour of 

children.  
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The findings of this study suggest that policymaking should ensure the diversity 

of urban environment so that children can independently access to a wide range of 

local destinations beyond school. This will, in turn, grow their habit of independent 

travel. The diversity of environment conceptualised as ‘actualized affordance’ by 

Kyttä (2004) has already shown a positive association with the degree of CIM in the 

urbanised context of Finland and Belarus. 

10.2.5.2 BE factors influencing the proportion of CIM 

Four observations can be extracted from the statistical results. First, the 

proportion of CIM responds to BE differently based on the purpose of trips. This is 

why while the presence of en-route recreational land use influences only discretionary 

CIM, a different set of BE factors, walking environment and angular connectivity 

influence only nondiscretionary CIM. Understanding the purpose of the visit, careful 

interpretation of these results into BE interventions to promote higher proportion of 

CIM is essential.  

Second, although both topological and geographic BE are important for the 

proportion of CIM, the geographic BE holds a stronger influence. Geographic BE is 

influential for the proportion of overall, discretionary and nondiscretionary CIM, 

whereas the topological is only significant for nondiscretionary CIM. The significance 

of angular connectivity for CIM differs from the commonly found significant 

topological BE variables (e.g., integration, choice) in children’s active transport 

research (Argin & Torun, 2015; Helbich, et al., 2016). This result is in contrast with 

adults’ active travel behaviour as found by Wineman, et al. (2014) and confirms once 

again that children’s travel behaviour is different from adults’. The negative 

association with angular connectivity could result from its close connection with traffic 

volume. More connected streets often cater heavy and high-speed traffic and 

consequently are associated with children’s and parents’ concern about traffic safety 

which, in turn, reduces CIM (Tranter & Doyle, 1996; Villanueva, et al., 2013). In 

addition, for the Asian parents, the most common concern for letting their children to 

go out alone is ‘traffic danger’ as revealed from a comparative analysis by Lin et al. 

(2017) which is in line with this study result.  

Third, other than topological BE, a wide–range of geographic BE variables, such 

as distance to destination, presence of en-route recreational land, walking environment 

condition and building height are strongly associated with the proportion of CIM. The 



  

Chapter 10: Discussion and Conclusion 221 

results show that the metric distance is the only BE variable that is consistently 

significant for the proportion of all three kinds of CIM: overall, discretionary and 

nondiscretionary. Consistent with prior studies, distance to destination is a substantial 

barrier to the proportion of CIM regardless of the purpose of the visit (Broberg & 

Sarjala, 2015; Loebach & Gilliland, 2014; Sharmin & Kamruzzaman, 2017). Aligned 

with previous studies that have stated that park closer to home or en-route waterbody 

increases children’s independent and active travel (Christian, et al., 2015; Dessing, et 

al., 2016), this study also reflects that presence of recreational land use (e.g., park and 

waterbody) en-route encourages children to have a higher proportion of overall and 

discretionary CIM. Similarly, a better walking environment condition of routes that 

are free from bumps, holes, cracks and dirty objects also promotes a higher proportion 

of overall and nondiscretionary CIM. For CIM, better condition of sidewalks for 

comfortable and safe walking is consistently found to be a promoter (Davison & 

Lawson, 2006; Van Oel, 2009). On the other hand, taller building along the route is 

identified to hinder the proportion of overall CIM. This contradicts Dalton, et al. 

(2011), who has shown that en-route taller buildings encourage frequent active travel 

of adolescents. One reason for this is the inherent difference between CIM and 

children’s active travel. Another possible explanation of the negative impact of 

building height could be that in Dhaka, Bangladesh, the sense of enclosure created by 

the ratio of building height (10- 20m): street width (3-6 m) is too tight compared to the 

ratio suggested by Knaap, et al. (2005).  

Fourth, the difference between discretionary and nondiscretionary CIM in 

relation to BE is also evident in a further probability analysis. This study reveals that 

with the increase of distance for other significant BE, the probability of CIM decreases 

regardless of the type of trips. The variation of probability is higher for 

nondiscretionary trips at varying level of distance to destination. For discretionary 

trips, the probability is higher at a shorter distance with a varied level of en-route 

recreational land uses. The probability drops more sharply for the routes having a 

lesser amount of recreational land use with the increase of distance. On the other hand, 

for nondiscretionary trips, good walking environment and less angular connectivity 

result in a significantly larger probability of the proportion of CIM at a shorter 

distance, however, the probability drops are biggest for them with the increase of 

distance. The results imply that neighbourhood design should carefully balance 
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between distribution of destinations of children’s interests, improvement of travel 

environment ensuring the comfort and pleasure of users, and street configuration to 

maximize CIM trip proportion.  

10.2.5.3 Influence of socio-demographic factors on the proportion of CIM 

Independent of other factors, having siblings ≤18 years old is positively 

associated with the proportion of CIM. This result supports Prezza, et al. (2001) and 

Mackett, et al. (2007) who have reported that the company of sibling is beneficial for 

CIM, especially for girls. Similarly, the positive impact of a higher number of known 

neighbours of children on CIM aligns with past works examining the relationship of 

CIM with neighbourhood social cohesion and interaction (Lin, et al., 2017; Waygood, 

Friman, Olsson, & Taniguchi, 2017). In these studies, the social cohesion of 

neighbourhood is reported as a complex process which is interlinked with children’s 

perception about social danger and people who can be trusted. These studies suggest 

that if children and parents perceive their neighbourhood as more cohesive and more 

connected, children get engaged in a higher level of CIM trips. On the other hand, 

increased number of family-owned motorised vehicle restricts the proportion of CIM 

which is in line with the previous findings of Fyhri, et al. (2011) who stated that 

increased access to cars contributes to less CIM to school. 

 How do BE Factors Affect Children’s Independent Route Choice 

Behaviour? 

This is the first CIM study that investigated how children choose routes for their 

independent travel around the neighbourhoods. The research addresses another gap in 

CIM literature: how the two parallel schools of thoughts in planning research 

(topological vs geographic) respond to route choice for CIM. The difference between 

the two schools of thought is that they conceptualise ‘shortest distance’ in a different 

way. While the geographic approach used metric distance as ‘shortest distance’ and 

conceptualised as the main determinant of pedestrian behaviour, the former thinks it is 

visual distance (i.e., less directional changes). The empirical evidence will guide 

policymakers to choose the correct shortest distance while distributing the land uses 

of children’s interests. The findings also indicate important policy and design 

implications for improving the BE for CIM.  
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10.2.6.1 The shortest distance route is slightly preferable than the least 

directional route for CIM 

The findings show that 86% of selected routes choice for CIM can be explained 

by either the shortest distance or the least directional change. In particular, 74% of 

route variation in route choice for CIM is explained by shortest distance whereas 70% 

of the variation is likely to be explained by the least directional distance. The small 

amount of variation indicates that there is no large difference between shortest distance 

and least directional routes. However, between these two alternatives, the shortest 

distance route is slightly preferable by children for their independent travel. In 

comparison, a study by Shatu, et al. (2019), which mainly studied adult’s route choice 

behaviour, reported that adults prefer least directional route than the shortest distance 

route for their active travel. Two points can be drawn from this finding: (a) children’s 

route choice behaviour is different than that of adults; (b) travel time could be an 

important factor for independently mobile children for choosing shortest distance route 

as the least directional route might take longer to reach a destination. As a result, 

children are ready to trade-off more visible routes. Travel time has already been found 

to determine the route choice in many previous studies (Borgers & Timmermans, 

2005). The implication of this finding is that the design a walkable neighbour should 

consider child’s point of interest such as school, park and shops to be located in close 

geographic proximity to their homes. Land use policy should also be updated with this 

finding to promote CIM.  

10.2.6.1 Topological BE as an important factor of route choice for CIM 

The findings of this research also suggest that children intended to minimise both 

distance and depth for their independent travel as 58% of reported routes perfectly 

matched with both alternatives. This is an indication of their analytical and cognitive 

skills. Probably when children could not match both of these criteria, they preferred to 

choose the shortest distance route for independent travel. For the remaining children 

whose reported routes did not match with either shortest distance or least directional 

routes, various en-route BE attributes played vital roles in their route choice decision. 

The conditional logit regression estimates show that angular integration of reported 

routes along with distance and depth, influence children’s route choice decision. Since 

the reported route is neither shortest nor least directional routes, the estimated odds for 

distance and depth possess greater value. However, the equivalence of distance for 
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depth shows that there’s no significant difference between distance and depth for CIM 

route choice. To a greater extent, they explained the same impact.  

The findings of this study imply that the configuration of the street network and 

street-level urban design attributes are important for shaping children’s route choice 

decision for CIM. The conditional model results show that high level of angular 

connectivity measured by the cumulative turn angle to a route segment reduces the 

likelihood of choosing the shortest distance and least directional routes for CIM. To 

avoid the highly connected street, children are ready to walk extra 270.67m. This result 

is in contrast with adults’ active travel behaviour as reported by Wineman, et al. (2014) 

that well-connected street networks (local and global) as analysed by space syntax 

theory and concept have a higher level of adult walking. This contrasting finding 

confirms once again that the travel behaviour of children and adults are substantially 

different. A street with more connectivity is like to be a busy street with high traffic 

volume and speed, and thus represent a safety hazard. Children might perceive a street 

well connected with other roads even more hazardous, and as such, they opt to avoid 

this kind of streets for their independent travel. As reported in previous CIM studies, 

traffic safety is the biggest concern for both children and parents for CIM regardless 

of the age and gender of children (Carver, Panter, et al., 2014; Collins & Kearns, 2001; 

Tranter & Doyle, 1996; Villanueva, Giles-Corti, Bulsara, Timperio, et al., 2012; 

Villanueva, et al., 2013). Furthermore, connected streets can make a street more 

integrated with other streets in the network. Integrated streets have the potentials to 

increase en-route commercial developments due to the increased level of pedestrian 

movement, which consequently attracts more pedestrians (Can & Heath, 2016; 

Peponis, et al., 1997; Peponis, et al., 1996). This consequence can increase the fear of 

stranger danger among children, which could be another reason for the avoidance of 

connected/integrated street by children while moving independently. It is already 

known that when children perceive stranger danger, their CIM drops regardless of the 

context (Bwire, 2011; Foster, et al., 2014; Mitra, et al., 2014). Moreover, Argin and 

Torun (2015) already showed that children prefer not to walk to school when routes 

are more integrated with other streets. This result has an important policy bearing about 

how to design a neighbourhood, which will ensure well- connectivity and the 

economic growth of it, and at the same time will provide both children and adult-

friendly environment.  
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The positive influence of angular step-depth on choosing routes confirms that 

visually longer route encourages children to travel extra mileage independently. A 

possible explanation might be that streets characterised by more turns are subject to 

new surprises and more excitements and for what, children prefer to choose route 

with more directional changes. In doing that, children also trade-off the perception of 

increased distance to destination that is correlated with increased directional change 

as reported in Jansen-Osmann and Wiedenbauer (2004). This finding contrasts with 

Zdrahalova and Boumova (2016) who found that visually non-straight routes can 

create a safety concern, which in turn, discourages children from travelling to school 

independently.  

In general, the route choice of children is a complex behaviour due to its 

involvement with multiple issues. It includes more complexity when the independent 

mobility of children is considered. However, keeping in mind that children’s needs 

and demands are different from adults as mentioned by Bartlett, Hart, Satterthwaite, 

de la Barra, and Missair (2016) and there is a substantial difference between their 

dependent and independent travel behaviour, BE professionals must act carefully 

while fostering the BE environment. 

10.3 RESEARCH CONTRIBUTION 

 Contribution to CIM Research and Knowledge 

This research makes theoretical contributions in two ways: through meta-

analyses of the existing literature and empirical research. Despite the growing research 

on BE-CIM associations, the true effect of significant BE factors on CIM has been 

understudied to date. This research, for the first time, measured the true effects, 

including magnitude and direction of significant BE-CIM associations through a meta-

analysis. This research also identified the magnitude and direction of significant 

topological measures on PM and the better method of spatial analysis to explain PM. 

The unveiled reasons for inconsistent findings on these topics, thus, are helpful to be 

aware of the contextual factors in future CIM research. 

On the other hand, despite the considerable concern over the decline in CIM, 

previous studies on BE-CIM have investigated mostly the impacts of objective 

geographic attributes of the BE on CIM. The expanding literature on CIM shed limited 

light on the role of the topological dimension of the BE, which has already been found 
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to have a significant association with children’s and adults’ active travel behaviour. 

To understand the potential impact of topological BE on CIM, this research also 

identified the true effects of significant topological measures on PM of children and 

adults. The empirical part of this research included a wide range of BE factors, 

including four topological factors. A total of 28 BE factors ranging from distance to 

land use, walking environment to aesthetics and comfort and street network pattern 

were examined in this study.  

The empirical part of the research compared the effects of topological and 

geographic BE on CIM between discretionary and nondiscretionary trips. The 

summary of the findings presented in Chapter 6, 7 and 8 for different CIM indicators 

correlating to various BE, and socio-demographic factors are outlined in Table 10-1. 

The findings prove that both topological and geographic dimensions of the BE affect 

CIM. Among four topological BE factors, three impact CIM significantly. All 

topological BE attributes expect step-depth possess same directional associations with 

various indicators of CIM (i.e., likelihood of CIM trip, territorial range, the proportion 

of CIM and route choice) suggesting that irrespective of CIM indicators, children 

respond indifferently to the spatial configuration of street network for independent 

travel. However, the effects of topological and geographic BE attributes vary among 

different measures of CIM and between discretionary and nondiscretionary CIM. This 

research measured CIM by two established indicators (e.g., likelihood of CIM trip and 

TR) and two new indicators (e.g., proportionate and route choice) to check their 

potential in explaining CIM. Two new CIM indicators were counted in because the 

existing CIM indicators are unable to indicate the extent of CIM trips or the route 

choice behaviour for CIM: two important aspects of travel behaviour study.  

Table10-1 clearly indicates that depending on how the CIM is being 

conceptualised or measured has an immense impact on the association of BE-CIM. 

This is why a closer examination of the relationship reveals that among various 

topological BE, angular connectivity impacts the proportion of CIM and the likelihood 

of CIM trip whereas, angular step-depth impacts TR, route choice for CIM and 

likelihood of CIM trip, and angular integration impacts TR and likelihood of CIM trip. 

The impact of geographic BE, to a great extent, shows similar kind of variation among 

CIM indicators. For example, distance only correlates to the proportion of CIM, 
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whereas residential land use correlates to TR only and traffic composition along the 

route impacts the likelihood of CIM only.  

The findings also demonstrate that the effects of topological and geographic BE 

vary largely between discretionary and nondiscretionary trips. As shown in Table 10-

1, topological BE has larger controlling on nondiscretionary CIM, whereas 

discretionary CIM is largely explained by geographic BE. However, the direction of 

these associations with topological BE attributes reaffirms that children see and 

interact with the BE for their travelling around differently than adult do (Matthews, 

Limb, & Taylor, 1998). The empirical results of the relationship between topological 

BE-CIM are in contrast with the result of meta-analysis of the relationship between 

space syntax measures and PM reported in Chapter 4. The contradiction might result 

from the inherent difference between the measurement of PM (active travel behaviour 

of adult and children) and CIM (independent travel of children). The contradiction also 

reaffirms that independent travel behaviour of children is different from their 

dependent active travel behaviour (Larsen, et al., 2009). On the other hand, aligned 

with the results of the meta-analysis of geographic BE-CIM associations, this research 

also found distance, distribution of land use and the design of street under 3D category 

(i.e., distance, design and diversity) as influential categories for CIM. The empirical 

results reflect that the direction of the associations of geographic BE attributes mostly 

aligns with the meta-analysis results reported in Chapter 3. The route-level BE 

components that provide ease of movement, aesthetic and comfort to children, play an 

equally important role for all types of CIM, having more influence on nondiscretionary 

CIM.  

Another contribution is that this research proves that the route choice and the 

proportion of CIM indicators have the ability to capture new insight into BE-CIM 

associations. The proportionate measure is found to unlock new observations in BE-

CIM that was not possible with count measure. 

This study is the first within CIM literature that compared distance and direction 

as a measure of ‘shortest distance’ as proposed by two schools of thought (geography 

and topology) to understand their impact on children’s route choice behaviour. By 

comparing 26 BE attributes along the reported and the competitive alternative routes, 

this research revealed that children were more likely to prefer the shortest distance 

route than least directional routes for CIM around neighbourhoods. The deviation from 



 

228 Chapter 10: Discussion and Conclusion 

these two types of routes indicates the influence of topological BE factors of taken 

routes on route choice for CIM. The analysis of perceived utility eased the 

interpretation of results. 

 Policy and Implementation Contribution 

The evidence from the meta-analyses documents the most influential and 

consistent geographic BE factors on CIM and topological BE (space syntax) factors 

on PM in the literature. The meta-analyses provide a summary of literature on BE-

CIM and space syntax-PM associations. These findings serve as a policy guide to 

design urban areas that promote travelling autonomy for children; ensuring them with 

greater freedom to explore their surroundings, which is one of the fundamental 

premises for a child-friendly city. 

The empirical part of this research identifies the topological and geographic BE 

factors that significantly affect the CIM measured by different indicators (e.g., 

likelihood of CIM trip territorial range, proportion of trips) for discretionary and 

nondiscretionary activities. This implies that geographical features need to be designed 

in tandem with topological features of the BE, stratified by destination types, to 

maximise CIM. The varying results that different CIM indicators showed with BE 

infer the need for correct interpretation of results by understanding the targeted type 

of CIM to be promoted.  

The contradictory impact of topological BE factors between CIM and adults’ 

travel behaviour indicates a significant policy bearing regarding how to design street 

networks that would be safe and beneficial for active movement for both children and 

adults. A similar dilemma is evident with the impact of different land uses on CIM 

raising the need for careful negotiation between child-friendly land-use and adult-

friendly land use in a neighbourhood. For example, the distribution and proportion of 

recreational, residential, commercial, institutional land use along the routes should be 

balanced for the benefit of overall community livability and sustainability. The 

empirical finding also inferred to the policy bearing about ensuring the diversity of 

destinations to promote children’s access to a wide range of destinations beyond 

school, which will, in turn, grow their habit of moving independently. All of the local 

destinations of children’s interests from daily to occasional basis (e.g., school, friends’ 

house, leisure destinations) should be located in close proximity to the child’s house. 

Because the longer travel distance not only increases the restrictions on independent 
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travel, it also encourages the use of motorised vehicles and chauffeuring children to 

destinations. 

This study has explored the route choice for CIM for and attempted to compare 

the two schools of thought by comparing distance vs depth. Route choice is a 

fundamental environmental behaviour, has been overlooked in CIM studies so far. The 

significance of both metric distance and visual distance in choosing routes for CIM 

suggests that the policymakers and designers need to think about shortest distance 

while distributing land uses/locating destinations of children’s interests around the 

neighbourhood. This finding can support BE and health professionals to create 

preferable routes for children to encourage them to be more independently mobile.  

Children’s choice of low-connected street for CIM over shortest distance and 

least directional routes raise another policy concern: how to design streets that 

facilitate walking and cycling for all age groups, or in other words, how should city 

planner and urban designer negotiate between dead-ends and connected streets in the 

provisioning of road networks within a neighbourhood? 

This study highlights that factors affecting CIM are complex, but provides 

evidence that routes that are less integrated and connected, have lower visual distance, 

building elevation line, less walking obstruction and traffic on road, but have better 

condition of walking/cycling infrastructure, more recreational land use en-route 

positively impact CIM. These findings indicate the potential for changing the BE to 

improve traffic safety, comfort and ease of mobility. The key findings suggest that the 

role of government, planners, urban designers, landscapers and policymakers is vital 

for designing children-friendly spaces that will be safe, assessable and attractive.  

The identified BE enables to make an informed decision in terms of what to intervene 

in order to promote CIM to different destinations. It also suggests allocating resources 

effectively and efficiently in order to deliver children-friendly environment. Children-

friendly BE is an important prerequisite for their physical, mental, spiritual and social 

development (UNICEF, 1989) and CIM is considered as a determining criterion of 

child-friendly BE. Nevertheless, along with CIM, other criteria of the child-friendly 

city need to be fulfilled as specified in the child-friendly cities fact sheet (UNICEF, 

2009) and Sustainable Development Goals for 2030 (Desa, 2016). This study also 

unveils the reasons for inconsistent findings on this topic, and thus, would help 

researchers to be aware of the contextual factors that may impact their results. 
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As a whole, the empirical evidence serves as a guide for policymakers, BE 

professional and health professionals beyond the research context if the results are 

understood and interpreted carefully. A collaborative approach between researchers, 

government and non-government organisations, parents, children and the local 

community are essential to translate the results into practice.  

  Methodological Contribution 

This thesis has made a significant contribution to the field by developing an 

integrated model using both a topological and geographic dimension of the BE to 

explain CIM behaviour. The potential of a combined method using Geographic 

Information system (GIS) and space syntax have been discussed for adult movement 

behaviour to measure geographic BE attributes and to measure and analyse topological 

attributes respectively (Lee & Seo, 2013, Koohsari, et al., 2012). These findings 

provide an insight into whether or to what extent those methods are valid for CIM, 

shows a methodological omission for child-centred travel research. It was, therefore, 

important to develop proper methods and instruments to conduct children-oriented 

research as well as CIM research. 

Another contribution of this study was the development of a virtual BE audit tool 

to collect en-route BE information of reported and alternative routes. The tool was 

developed by listing BE variables based on a systematic review of BE-CIM link, 

reviewing existing walkability tools for children and adults, and reviewing local urban 

development regulation (BCA 2008; Lee, et al., 2013; Sallis, et al., 2015; Sharmin & 

Kamruzzaman, 2017; Shatu & Yigitcanlar, 2018). Real-data collection through this 

method was time-consuming and laborious but provided useful micro-level route data, 

which were not readily available always or possible to gather from buffer-approach 

(e.g., walking environment obstruction) using secondary dataset (e.g., GIS). The audit 

tool can serve as an instrument to conduct children-oriented research as well as CIM 

research in future. 

 Contribution to Developing Countries 

This research makes a contribution to data collection from a developing country 

context. The primary and secondary data collection from Dhaka was very challenging 

for five reasons. First, the geographic database for an objective measure of geographic 

BE was not up-to-date or in other words, not readily available for Dhaka to use during 
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the study period (2017-2018). As a result, necessary GIS maps for street network were 

prepared manually by the researcher which consumed a substantial amount of time. 

Second, the absence of context/developing nations-based walkability tool resulted in 

the preparation of a new context-specific walkability tool. The tool included some 

context-specific BE variables (e.g., traffic composition, walking environment 

condition instead of sidewalk condition since in most cases sidewalk was missing) 

while excluded some irrelevant variables (e.g., sidewalk width, number of road lane to 

cross). The context-specific variables are found to have explanatory power for CIM. 

Future studies should validate this tool before applying to another context. Third, due 

to the absence of up-to-date school information, recruitment of school and selection of 

children included some context-specific solutions such as a two-step random selection 

of school, inclusion of coaching as a substitute of school. Fourth, primary travel data 

collection from children was time-consuming and maintained strict protocol to ensure 

data reliability. The selection of children was made following several steps including 

taking approval from The Ministry of Education, permission from school principals, 

help from school officials for presentation in schools, consent from parents for survey 

and appointments to survey at the home environment. The response rate from school 

was 66%. Fifth, difficulties raised to get enough sample for the survey. The response 

rate of the parents was initially very low. As a result, multiple presentations with new 

classes were done in the selected schools. Altogether, 958 consent forms were 

distributed and only 16% of the distributed consent forms were returned from the 

interested parents. This lower response rate resulted in selection of some children 

through a snowball technique as mentioned in Chapter 5.  

The datasets can be used for future research on children’s travel behaviour. The 

method adopted to conduct the field survey, collect data and measure indicators can 

be applied to similar kind of research context. Moreover, the empirical findings will 

minimise BE professionals’ reliance on the findings from developed countries as a 

result of a lack of developing country-based evidence. The findings will assist BE 

professionals to cater to the purpose of considering the contextual variation, which has 

already been reported as an important contributor to CIM by Kyttä (2004). 
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10.4 RECOMMENDATION FOR FUTURE RESEARCH 

Although this study makes a significant contribution to gaining a robust 

understanding of CIM in relation to various factors, several gaps are identified that 

future studies should take into account.  

 More BE-CIM Studies using Comparable Exposure and Outcome 

Measurement  

The meta-analysis of the relationship on BE-CIM has two known limitations. 

First, due to ambiguity in the terminology and definition of CIM, it became difficult 

to separate them, and all four types of CIM reported in different studies have been 

included in this meta-analysis to measure the overall CIM. Second, the number of 

studies examining the BE-CIM relationship was found to be relatively small. Again, 

these studies were also found to be biased contextually. For example, residential 

location type, residential density, road density factors were extracted only from the 

developed country context whereas dead-end streets were investigated in the context 

of developing country context. More studies using comparable exposure and outcome 

measurement are needed to build a robust understanding of the role of different BE 

variables on CIM. Also, the inconsistent use of BE variables among the primary 

studies resulted in a loss of sample for the analysis. For example, it was not possible 

to include some primary studies because they used intersection number instead of 

intersection density though they essentially measured the same BE variable.  

 More Space Syntax-PM Studies using Constant Research Design  

During the operationalization of meta-analysis technique, this research identifies 

a range of issues and potential research gaps in the space syntax literature that future 

studies should consider. First, unlike researchers using the geographic concept who 

often followed a standard reporting format for quantitative results, such a format was 

missing among the space syntax-based researchers. As a result, although few studies 

reported quantitative findings, these are partial and lack sufficient statistical details 

and failed to meet the criteria to include in a meta-analysis. Second, most research 

tended to use a single or two space syntax indicators. As a result, the results presented 

in this research are robust for certain indicators (e.g., integration), but suffers from 

limited primary samples for other indicators (e.g., connectivity). Again, research 

studies were found to be over-reliant on topological method rather than angular method 

despite the fact that the latter better explains PM behaviour. Third, the findings of this 
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research were subject to high heterogeneity of reported results among the primary 

studies. A key contributor to this high heterogeneity arises from a large variation in 

sample sizes. Future studies should stratify the primary studies based on sample sizes 

and compare the findings between each stratum for a robust conclusion on each 

indicator. However, this is only possible when there are a sufficient number of studies 

published on this topic describing a quantitative relationship. Fourth, the term 

‘pedestrian movement’ is not well defined in the space syntax literature; as a result, 

researchers have operationalized the term in a variety of ways (e.g., volume, density, 

percentage, number), which juxtaposed findings presented in this research. A clear 

definition of the term is critical to have a shared understanding of the concept among 

the researchers using space syntax measures.  

 Measuring the Route-level BE by the Proportion of Segment Length 

This research collected BE data for each segment of reported route and 

competitive alternative routes through virtual BE audit and space syntax analysis. Each 

route-level BE attribute for reported, shortest distance and least directional routes were 

then measured by averaging the segment-based BE values of all segments forming a 

route. However, for more accurate measurement, route-level BE can be measured by 

the proportion of segment length instead of averaging the number of segments forming 

a road. It will consider the correct weight of each segment-based BE while generating 

the average value.  

 Testing the BE Audit Tool for Reliability 

This research developed a list for a virtual BE audit to check their correlation 

with CIM, due to an absence of developing country-specific BE and CIM-specific 

audit tools. The tool was developed based on a literature review of CIM, available 

audit tools to assess children’s and adult’s walkability and context-specific city 

planning guidelines. This tool can be applied to similar contexts or CIM research of 

same design. However, this tool should be validated and tested for reliability before 

applying to similar contexts in future.  

 Examining other Relevant BE and Perceptual Factors on CIM  

This research included a wide range of BE variables, including variables related 

to aesthetic and comfort along with socio-demographic variables. However, (Dovey & 

Pafka, 2019; Netto, 2016) advised that along with conventional BE measures, other 
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relevant factors such as topography, climate, safety, car dependency, noise, crime, and 

dart, aesthetic, social context and so on all are important factors too and inhibit 

walkability. Therefore, future research should consider all of the issues as mentioned 

above to understand CIM as an outcome of social, economic and material forces of an 

urban system. 

Parental and children perception of local environment (traffic safety and social 

safety) has also been identified to have significant effects on CIM (Bwire, 2011). 

Hillier and Shu (2000) and Hillier (2004) claimed that space syntax has the capability 

to explain crime and perception of safety of any area. Inclusion of children perception 

in BE-CIM studies would help to identify the effects of topological BE more robustly. 

Since parental perceptions of the BE of their locality shape their parenting practice, as 

well as their granting mobility licence (Prezza, et al., 2001), future studies of a similar 

kind, should include parents’ perception of BE as well to check whether parents’ 

perceptions are in line with their children or not.  

 Investigating the Difference of Cognitive Distance between Children and 

Adults 

In the regard to CIM range, it would be worth investigating whether children 

comprehend cognitive distance than adults. Montello (1997) claimed that distance 

knowledge affects the decision of where to go, which route to choose, and whether to 

stay or go. This knowledge according to him, is derived from multiple, partially 

redundant information sources such as route information, travel time and impact child 

and adult differently.  

 Analysing the Route Choice for CIM with Larger Sample Size and 

Varied Street Configuration  

This is the first attempt that has explored the route choice for CIM and compared 

between distance vs depth as ‘shortest distance’. Another contribution of this study is 

to explore the topological BE for route choice along with geographical BE. However, 

the sample sizes were not large enough, especially after excluding the children who 

travelled dependently and reported routes that overlapped with alternative routes. The 

smaller sample size did not allow further comparison of route choice for CIM between 

discretionary and nondiscretionary trips. Future studies should include a larger sample 

size of independently mobile children with similar kind of research design for a robust 

understanding of route choice behaviour. In this research, it is found that children 
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mostly travelled short-distanced destinations. When the route is very short, limited 

route choice options are available. In these cases, three types of routes: reported, 

shortest distance and least directional showed a greater level of overlapping among 

them. Conversely, long-distanced destinations provided more route choice options 

with less amount of route overlapping. Future studies should consider this issue while 

designing research. Moreover, the street pattern is an important element to consider. 

Among the four case study areas, the one with grid-iron patterned street showed more 

route choice options than other areas that have organic street-pattern. Due to the 

limited sample size, this study could not draw a comparative analysis among areas 

with significantly different street-patterns. Future studies should explore the street-

pattern as another BE factor and its impact on route choice for CIM. 

 Investigating Comparative CIM  

Very few studies have looked into nondiscretionary and discretionary activities 

and topological BE along with geographic BE. This study has provided a successful 

integration of these elements. Like discretionary vs nondiscretionary CIM and 

topological vs geographic BE–CIM associations, a comparison between weekday and 

weekend CIM will also provide a better understating about the scope of CIM on an 

extremely regulated day such as school day/weekday and a non-regulated or relaxed 

day such as weekend.  

This research combined all types of independent travel modes reported by the 

participants. However, a separation of active vs non-active CIM as well as independent 

walking vs independent cycling could provide detailed knowledge about transport 

mode specific CIM behaviour. Moreover, as it is already known that CIM for a 7-9 

years old is distinct than for a 10-12 or 12-14 years old, thus the future research should 

look differently at all these age groups and how CIM evolves in relation to BE. This 

will also help policymakers to take correct interventions in promoting CIM. 

 Including a Larger Number of Case Study-areas to Aid Morphological 

Comparison  

Contextual variation among four study-areas does not show any significant 

influence on CIM in the final adjusted models of CIM (measured by territorial range, 

accompaniment status and the proportion of CIM) although the unadjusted bivariate 

correlations show the significance of some case study areas. For example, in Table 7-

2, compared to Study-area 1 which consists of a mixture of organic and grid-iron 



 

236 Chapter 10: Discussion and Conclusion 

patterned streets, Study-area 4 consisting a predominantly grid-iron patterned streets 

shows a significant negative association with discretionary CIM. The small sample 

size may have nullified the significance of this result in the adjusted model. Further 

studies comparing the morphological characteristics of case studies, including larger 

sample size, is required to understand the morphological influence better. 

 Comparing Objective vs Subjective Measures of CIM 

This research applied travel diary and mapping activities of children aged 

between 10-14 years old. The mapping activity was chosen because it is referred to as 

a useful tool to record data on children’s travel behaviour in the literature (Rissotto & 

Tonucci, 2002; Veitch, et al., 2008). Literature shows that mapping activity is 

important for the studies, which deal with the CIM in connection with journey to 

different destinations. To reduce the chance of error, mapping activity of children in 

this study was exercised with the assistance of researcher. However, a comparative 

study on 5 to 12 years old children by Badland, et al. (2011) suggested that the most 

accurate way to measure children’s territorial range is by measuring route distances 

using traces based on GPS devices. The study also indicated that for a complex CIM 

journey which takes more than 20 minutes, the child-mapped data would be less valid 

if the data is not taken immediately after trip. Therefore, future studies should compare 

objective vs subjective assessment of CIM for similar kind of research design to see 

this impact older children’s CIM. 

10.5 CONCLUSIONS 

This study has broadened knowledge about the impact of BE on CIM through 

meta-analyses of the literature and empirical research. The empirical research has 

advanced the understanding of the BE-CIM associations with the inclusion of 

topological BE, innovative CIM indicators (route choice and proportion) along with 

known indicators (likelihood of CIM, territorial range), and stratified analysis by the 

discretionary and nondiscretionary trip. Importantly, this study has identified both 

topological and geographic BE factors are important to shape up CIM to different local 

destinations. It has highlighted that factors affecting CIM are complex but has 

provided evidence that routes that are less integrated and connected, have lower visual 

distance, better walking environment, more recreational land use, and low building 

elevation line positively impact CIM. However, the results vary between discretionary 
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and nondiscretionary CIM. This research revealed that the topological BE factors have 

larger controlling on nondiscretionary CIM, whereas discretionary CIM is largely 

explained by geographic BE factors. The innovative CIM indicators (route choice and 

proportion) have the ability to explain CIM from a different perspective than the 

traditional CIM indicators do. Between the geographic shortest distance and least 

directional routes, children are marginally likely to choose the geographic shortest 

distance route. However, to avoid highly connected routes, children are ready to avoid 

both the shortest distance and least directional routes and chose a different route that 

is geographically and visually longer. Socio-demographic factors of children and 

parents emerged as strong correlates. 

The way BE of neighbourhoods are designed has an impact on whether children 

are able/interested/allowed to roam around their neighbourhood. The empirical 

evidence serves as a guide for policymakers, BE professional, including urban 

designers, street designers and planners, and health professionals to improve and 

promote CIM by adopting a multi-sector approach to BE interventions. Strong 

partnerships between researchers, government body, schools, parents, children and 

local community will pave the way to translate the empirical results into practice.  
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Appendices  

Appendix A 

Questionnaire for children aged between 10-14 years old 

ID:_______________________      Age :________   Gender: M_____ F_____ 

• Please answer all the questions as honestly and accurately as you can 

• There is no right and wrong answer. This is not a test. 

• Please ask if you have any questions 

TRAVELLING TO AND FROM SCHOOL 

1. How did you get TO and FROM school YESTERDAY? 

  Tick the box to 

show how did 

you get TO 

School yesterday 

Tick the box to 

show how did you 

get home FROM 

school yesterday 

1 Walked alone   

 

  

2 Walked with other children 

 

  

3 Walked with an adult  

 

  

4 Cycled alone 

 

  

5 Cycled with other children   

6 Cycled with an adult 

 

  

7 By Rickshaw alone   

8 By Rickshaw with other 

children 

 

  

9 By Car   

10 By Bus with adult   

11 By School Vehicle   
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12 

    By Motorbike with adult 

  

13  By Bus alone or with 

other children 

  

14 By Rickshaw with adult   

15 Other-Please write it below 

---------------------------- 

  

 

TRAVELLING TO OTHER LOCAL DESTINATION 

2. Which of these activities did you do YESTERDAY in your neighbourhood? 

(Please tick ALL the boxes that apply)  

  Your travel 

companion 

Your travel mode 

On 

your 

own or 

with 

friends 

With 

parent or 

other 

adults 

Active 

(walk, 

cycle) 

Inactive 

(car, 

rickshaw, 

motor 

bike) 

1 Went to park, play ground or 

playing field 

    

2 Visited a friend’s home     

3 Visited a relative’s home     

4 Went to shops     

5 Went to library     

6 Went to cafe     

7 Went to club or youth group     

8 Went to mosque/church/Temple     

9 Went to coaching     

10 Went to dance/drama/music 

class 

    

11 Went for a walk or cycle around     

 Others- Please write it below 

--------------------------------- 

    

3. Which of these activities did you do last WEEKEND (Friday/Saturday) in your 

neighbourhood?  (Please tick ALL the boxes that apply)  

 Your travel 

companion 

Your travel mode 

On 

your 

own or 

with 

friends 

With 

parent or 

other 

adults 

Active 

(walk, 

cycle) 

Inactive 

(car, 

rickshaw, 

motor 

bike) 
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Went to park, play ground or 

playing field 

    

Visited a friend’s home     

Visited a relative’s home     

Went to shops     

Went to library     

Went to cafe     

Went to club or youth group     

Went to mosque/church/Temple     

Went to coaching     

Went to dance/drama/music class     

Went for a walk or cycle around     

Others- Please write it below 

--------------------------------------- 
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Mapping Exercise 

PART A: FINDING YOUR HOUSE 

1. Find your house on the map. Mark it with a red dot. 

 

PART B: FINDING YOUR SCHOOL 

2. Find your school on the map. Mark it with a green dot. 

 

PART C: TRAVELLING TO SCHOOL 

3. Did you walk or ride your bike TO school YESTERDAY?       Yes         No 

4. Draw a line along the path that you took YESTERDAY to get from your house to 

school. 

 

PART D: TRAVELLING FROM SCHOOL 

5. Did you walk or ride your bike FROM school YESTERDAY?   Yes         No 

6. Draw a line along the path that you took YESTERDAY to get from your school to 

house. 

 

PART E: Places you visit in your neighbourhood  

7. In your free time (i.e., after school, weekends) do you usually walk or ride your     

       bike around your neighbourhood?         Yes  No 

8. What are places you visited without presence of parent/ guardian yesterday after 

school and last weekend (Friday/Saturday)? 

 Yesterday 

(weekday) 

Friday/ 

Saturday(weekend) 

Park, playground   

Coaching/other lessons   

Friends/relatives house   

Shops   
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Other places   

9. In the table below write down the name of the places that you visited alone yesterday 

after school and last weekend (Friday/Saturday)? 

Park, playground 

(P) 

Coaching/other 

lessons (C)  

Friend’s/relative’s 

house (F) 

Shops (S) Other 

places (O) 

     

     

     

     

     

     

10. Now you are going to put these names on the map. Pick up a marker 

For each park, playground that you wrote down, find it on map and write P on it. 

For each coaching/other lesson that you wrote down, find it on map and write C on it. 

For each friend’s/relative’s house that you wrote down, find it on map and write F on 

it. 

For each shop that you wrote down, find it on map and write S on it. 

For each other place that you wrote down, find it on map and write S on it. 

11. Draw a line along the path that you usually take to get from your house to these 

places. 

Thank you very much for your help   
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Appendix B 

Questionnaire for the parents of children aged between 10-14 years 

old 

• Please only answer in relation to the child who gave you this form- do not 

answer about any other children in your household. 

• Please answer the questions honestly and as best as you can. 

• Your answers will be made anonymous and will be kept confidential. 

ABOUT YOU AND YOUR FAMILY  

CHILD DEMOGRAPHICS: Please respond to these questions for the child who is 

participating in this study. 

 

1. How many days per week does your child live at your address?_____________ 

 

2. Child’s gender? (Please tick ONE only)  
o Male       
o Female 

 

PARENT DEMOGRAPHICS  

3. How old are the child’s parents? 

 Mother Father 

Under 30   

30-44   

45 or older   

4. Are you? (Please tick ONE only) 

o Male       
o Female 

5. Who answered this question?  
o Mother 
o Father 
o Mother and Father together 
o Someone else, namely_____________ 

6. How many hours per week child’s parent work outside of the home? 

 Mother Father 

None or less than part time (0-15 hrs)   

Part Time (16-35 hrs)   

Full-time (36+ hours)   

HOUSEHOLD INFORMATION 

7. Home Address__________________________________________________,     

Post Code______________ 

8. Phone number_______________________ 



  

Appendices 273 

9. How long have you lives in current address? _______________years and 

_____________months 

10. How long have you lives in your neighbourhood? ____________years and 

_____________months 

11. How many people live in your home, including yourself?  

 Children aged less than 10 years 

 Children aged 10 to 14 years 

 Children aged 15 to 18 years 

 Everyone else aged more than 18 years 

 Total 

 

12. What was the highest education level of child’s parent? 

 Mother Father 

Completed School   

Completed College   

Completed University   

Completed higher education   

Not applicable   

 

13. How many motorised vehicles (car, motor cycle) at home?_________ 

14. Your monthly household income…………….(Combined income of both parents) 

o Less than 25,000 tk 

o 26,000-50,000 tk 

o 51,000-1,00,000 tk 

o 1,00,000-2,00,000 tk 

o More than 2,00,000 tk 

15. Today’s date___________ 

 

Thank you very much for your help    
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Appendix C 

Approach email to Principal of the selected schools 

 

Subject Title:  

Participate in a research study titled “built environment impact on children’s 

independent mobility 

 

 

Dear Principal 

 

My name is Samia Sharmin from the School of Civil Engineering and Built 

Environment, Queensland University of Technology (QUT). I’m undertaking a PhD 

study to examine how the design of the built environment (e.g., distance and 

straightness of road networks) enables/limits children to travel independently around 

their home. 

 

I’m looking for children aged 10-14 years old to complete a 30-minute questionnaire 

survey. Their parents will also be included in a 15 minutes duration questionnaire 

survey. 

 

Please view the attached Participant Information Sheet for further details on the study.  

 

If you are interested in participating or have any questions, please contact me via email.  

 

Please note that this study has been approved by the QUT Human Research Ethics 

Committee (approval number 1700000505). 

 

Many thanks for your consideration of this request. 

 

 

Samia Sharmin 

PhD Student 

Email: samia.sharmin@hdr.qut.edu.au 

 

Supervisor: Dr. Md. Kamruzzaman 

Phone: +61 (0)7 XXXXXXXX 
Email: md.kamruzzaman@qut.edu.au 
School/Faculty: Science and Engineering Faculty / Civil Engineering and the Built 

Environment 
Queensland University of Technology  

mailto:md.kamruzzaman@qut.edu.au
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Appendix D 

Ethics Approval 

From: Human Ethics Advisory Team <humanethics@qut.edu.au> 

Sent: Tuesday, 25 July 2017 9:28 AM 

To: Douglas Baker; MD Kamruzzaman; Samia Sharmin 

Cc: Human Ethics Advisory Team 

Subject: Ethics application - approved - 1700000505 

 

Dear Dr MD Kamruzzaman and Ms Samia Sharmin 

 

Ethics Category:                          Human - Negligible-Low Risk 

UHREC Reference number:        1700000505 

Dates of approval:                       25/07/2017 to 25/07/2019 

Project title:                                   Built environment impact 

on children's independent mobility 

 

Thank you for submitting the above research project for ethics review. This project was considered by Chair, 

Queensland University of Technology (QUT) Human Research Ethics Committee (UHREC) or a Faculty-based low risk 

review panel. 

 

We are pleased to advise you that the above research project meets the requirements of the National Statement on 

Ethical Conduct in Human Research (2007) and ethics approval for this research project has been granted on 

behalf of the UHREC, to be ratified at their next scheduled meeting. 

 

Approval of this project is valid as per the dates above, subject to the following conditions being met: 

 

The Chief Investigator (CI) / Project Supervisor (PS) will immediately report anything that might warrant review of 

ethical approval of the project. 

 

The CI/PS will notify the UHREC of any event that requires a modification to the protocol or other project documents 

and submit any required amendments in accordance with the instructions provided by the UHREC.  These 

instructions can be found at http://www.orei.qut.edu.au/human/. 

 

The CI/PS will submit any necessary reports related to the safety of research participants in accordance with UHREC 

policy and procedures. These instructions can be found at http://www.orei.qut.edu.au/human/. 

 

The CI/PS will report to the UHREC annually in the specified format and notify the UHREC when the project is 

completed at all sites. The CI/PS will notify the UHREC if the project is discontinued at a participating site before the 

expected completion date, with reasons provided. 

 

The CI/PS will notify the UHREC of any plan to extend the duration of the project past the approval period listed 

above and will submit any associated required documentation. Instructions for obtaining an extension 

of approval can be found at http://www.orei.qut.edu.au/human/. 

 

 The CI/PS will notify the UHREC of his or her inability to continue as CI/PS including the name of and contact 

information for a replacement. This email constitutes ethics approval only. If appropriate, please ensure the 

appropriate authorisations are obtained from the institutions, organisations or agencies involved in the project 

and/or where the research will be conducted. 

 

The UHREC Terms of Reference, Standard Operating Procedures, membership and standard forms are available 

from: http://www.orei.qut.edu.au/human/manage/conditions.jsp. 

 

Should you have any queries about the consideration of your project please contact the Research Ethics Advisory 

Team on 07 3138 5123 or email humanethics@qut.edu.au. 

 

We wish you every success in your research. 

 

Janette Lamb and Debbie Smith 

Research Ethics Advisory Team on behalf of the Chairperson, UHREC 

Office of Research Ethics & Integrity 

Level 4   |   88 Musk Avenue   |   Kelvin Grove 

+61 7 3138 5123   humanethics@qut.edu.au 

 

http://www.orei.qut.edu.au/human/
http://www.orei.qut.edu.au/human/
http://www.orei.qut.edu.au/human/
http://www.orei.qut.edu.au/human/manage/conditions.jsp



