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Childhood obesity has been constantly increasing in the United Stated. Research 

studies suggest that one of reasons responsible for childhood obesity is the loss of 

physical activity. One solution to increase the amount of physical activity children engage 

in is the provision of environment where children can walk and bicycle to school safely. 

This study tests the correlation between urban form factors and children’s 

walkability to school. The study is conducted based upon the data from 40 public schools 

in Orange, Seminole, Pasco and Hillsborough Counties in Central Florida. The study 

areas are created using School Attendance Zone (SAZ) at the distance of half-mile and 

one-mile around school. The indicators are developed, representing urban form 

variables ---school attendance zone geometry, street connectivity and residential density. 

The dependent variable is represented by children potential walkabiltiy, assuming that all 

children within study zone could walk or bike to school. The Ordinary Least Squares 
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regression model tool in ArcGIS is used to test the relationship between dependent 

variable and explanatory variables. 

The findings from this study suggest that school attendance zone geometry is not 

significant associated with children’s potential walkability; street connectivity and 

residential density show  the different levels of correlation to children’s potential 

walkability. The results from half-mile and one-mile study zones present the different 

correlations among variables. 

Due to the limitation of this study, the actual children’s walkability to school cannot 

be predicated based on the results. The future study could take into account other social, 

economic and family factors to further explore the correlation between the actual 

children’s walkability and urban form factors. 
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CHAPTER 1 

INTRODUCTION 

Background 

Over last forty years, planning in United States has put too much attention on 

automobile usage, which created the automobile-oriented community where walking has 

become increasingly undesirable and unsafe. With the more concern on environmental 

and health issues, people start realizing that their over-dependence on automobile has 

been responsible for many health issues. The awareness towards the negative 

consequence of automobile usage has drawn attention to the benefits of walking and the 

importance of walkable community.  

Walking is the most basic form of transportation. Pedestrian access between home, 

work, and facilities improves people’s quality of life by providing residents with options of 

daily exercise and healthy lifestyle. The good connectivity of pedestrian network provides 

residents without access to automobile access to employment, recreation, and education 

opportunities in a safe and efficient way. Thus, provision of pedestrian infrastructure that 

facilitates safe travel is a key issue for urban planners and public policy makers.  

Problem Statement 

Elementary and middle school students are unique in their reliance to walking and 

biking modes of transportation. In the past, walking to/from school used to be one of 

main options for physical activity available to elementary and middle school students. 
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However, recent research finds that the number of youth driven to/from school has a 

constantly increase compared to students in the past. In 1962, through k-12 42% school 

children walked or bicycled to school while this number declined to 16% in 2001(CDC, 

2005). It is generally accepted that the loss of physical activity acquired by walking is one 

factor responsible for a nationwide rise in childhood obesity rates. One solution to 

consider in addressing this issue is the encouragement of physical activity by providing 

safe and accessible opportunities for children to walk and bicycle to school. Urban 

planners and policy makers have the opportunity to address this issue by designing and 

providing safe and well-connected pedestrian routes to promote the community 

environment where the children can improve health by increasing daily physical activity. 

Study Objectives 

The time children spend on physical activity could be increased by providing 

children with safe routes to/from schools. One of many aspects involved in safe routes 

to/from school is urban form, which consists of many factors such as school location, 

street connectivity, residential density etc. The study on these factors could help to 

create the urban form where children can walk and bicycle to school safely. 

The purpose of study is to understand the correlation between children’s walkability 

to school and urban form factors. Children’s walkability is measured by children’s 

potential walkability, assuming that all students living within study zone could walk to 
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school. Urban form factors in this study include street connectivity and residential density 

within school attendance zones.  

The study is conducted with data from forty public schools in the State of 

Florida—thirty three elementary schools and seven middle schools. Forty schools are 

respectively from Orange County, Seminole County, Hillsborough County and Pasco 

County in the State of Florida. GIS data is obtained from Geoplan Center at University of 

Florida, including school location, school attendance zone, students’ home location and 

street network, based on which indicators used to measure children’s walkability and 

urban form are developed. A regression model in ArcGIS was chosen to test if there are 

correlations between children’s walkability and urban form factors.  

Chapter 2 examines existing research about measures of walkability and urban 

form factors affecting children’s walkability to school. Chapter 3 presents the 

methodology to establish the study zone and develop indicators to measure urban form 

factors. Chapter 4 shows the results from running regression models. Chapter 5 explains 

the results and discusses the limitation of research. 
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CHAPTER 2 

LITERATURE REVIEW 

This chapter illustrates the connections between urban form factors and children’s 

walkability. This section will start with a review of research on relationship between 

childhood obesity and physical inactivity. Then a summary on measures of walkability 

are made based on existing research. Then the issue of public school siting associated 

with children’s walkability will be discussed. Last, some characteristic of urban form will 

be described by examining the relationship with children’s walkability to school.  

 Childhood Obesity and Physical Inactivity 

It is generally accepted that increased physical activity promotes good health and 

increases life expectancy. A major national study found that 42% of men and 28% of 

women were overweight, and 21% of men and 27% of women were obese and that U.S. 

adult obesity rates increased from 12.1% to 17.9% between 1991 and 1998. In a 1993 

study, 14% of all deaths in the United States were attributed to a severe lack of physical 

activity and poor dietary habits (McGinnis 1993). In a later study, sedentary lifestyles 

were linked to 23% of deaths resulting from major chronic diseases (Hahn 1998). That is 

to say, people who exercise reduce their risk of developing or dying from heart disease, 

diabetes, colon cancer, and high blood pressure. In fact, long-term changes in obesity 

and being overweight are more closely correlated to physical activity than dietary 

changes (Prentice 1995). Thus, people who exercise tend to have longer lives than less 
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active individuals (Kushi1997; Lee 1999; Wei 1999). These results suggest policies and 

programs aimed at increasing physical activity will prove to be effective in addressing the 

current obesity epidemic in the U.S. 

Although physical activity is a critical component of overall health, youth are 

exercising less today than their counterparts 35 years ago (U.S. Department of Health 

and Human Services 2002). Over the last 40 years, the rate of childhood overweight has 

tripled (Figure 2-1).  Scientific evidence has shown that physical activity plays a critical 

role in supporting weight loss. Unfortunately, many children do not participate in the 

recommended amount of physical activity needed to maintain a healthy weight that 

supports healthy lifestyles (Dellinger & Staunton, 2002). In many cases, children are not 

provided with opportunities of engaging in physical activity due to the inadequate of 

facilities, poor commute system between residential dwellings and service, and the lack 

of necessary infrastructure such as pedestrian sidewalks and bike lanes. 

Walking or bicycling to school is one of the easiest ways for school aged children to 

gain physical activity on a daily basis. However, in the United States, the number of 

children walking or bicycling to school has declined to 15% in 2001 compared to the 

percentage of 48% in 1969 (Steiner, et al 2008). Decrease in the number of children 

walking and bicycling to school and the reduction in the amount of time children spend in 

physical education classes both contribute to the reduction in children’s physical activity. 
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It could be challenging to assess correctly one certain factors without taking into 

account other built, social, and economic environment factors because they may occur 

and influence children's physical activity jointly. However, recent research suggests that 

children’s weight is influenced by a number of built environment factors. For instance, a 

higher level of physical activity in children is associated with better sidewalks (Jago et al., 

2006), higher quality recreational facilities (Romero, 2005), easier access to recreational 

facilities(Gomez et al,2004), greater housing density (Roemmich et al., 2006), and higher 

neighborhood walkability(Kerr et al., 2006). 

There are many methods that encourage children to engage in physical activity, 

one of which is provision of safe access and route to school. Davison et al(2006),through 

thirty three quantitative studies, concluded that children's participation in physical activity 

is positively associated with publicly provided recreational infrastructure (access to 

recreational facilities and schools) and transport infrastructure (presence of sidewalks 

and controlled intersections, access to destinations and public transportation). Therefore, 

children’s physical activity could be increased by improving the walkability to school. 

Urban Form Factors Influencing Children’s Walkability 

There have been numerous studies on walkability in the past. In this section of the 

report, an effort is made to emphasize some of these studies that form the base for 
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identifying the measures of walkability to be used in formulating the model developed in 

this study.  

Measures of Walkability 

An effective way to provide younger populations the opportunity to engage in 

physical activity is to provide safe and accessible means for children to travel between 

home and school by walking or bicycling. Provision of safe and accessible ways could be 

fulfilled by improving the safety and connectivity of physical environment in the 

streetscape. To better understand the link between walkability and physical environment, 

a review on measures of walkability would be helpful. 

In his report, Coffee (2005) concluded that studies on walkability show a consistent 

emphasis on connectivity, proximity, land use mix, density and safety.  Due to the 

characteristic of this research, the author will focus on urban form factors. Although there 

are differences between adult and children in travel patterns, some research found that 

there is a similarity in the factors influencing both walkability. Frank et al(2007) concluded 

that the same indicators of walkability that are related to active transportation and 

physical activity in adults (i.e., street connectivity, residential density, and mixed land use) 

are related in similar ways to walking for transportation in children and especially 

adolescents. Apart from these indicators, school location and siting are also proved to be 

related to school children’s travel. Ewing et al(2004) examined the relationship between 
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mode of travel to school and the full range of factors related to school location. In this 

study, students with shorter walk and bike times to school proved significantly more likely 

to walk and bike. In another study, Steiner and Bejleri(2008) investigated the relation of 

the school siting with children’s potential walkabiltiy throughout Growth Management 

periods from the 40 public school in Central Florida. This research emphasized the role 

of public school siting in determining the children’s walkability to school. 

Given that the unique nature of children’s travel between school and home and the 

limitation on data availability, this study will focus on the issue of public school siting, 

street connectivity and residential density. The following sections discuss these factors in 

detail. 

Issue of Public School Siting 

There are many issues associated with school siting. This study briefly discussed 

enrollment capacity, school site location and site size. 

School enrollment capacity. Since the 1980s, average school size (measured by 

enrollment capacity) has grown with the increasingly larger school facilities size and 

longer distance from the neighborhoods they serve. Florida public school enrollment in 

1980, for Pre-kindergarden through Grade 12 school-aged students, was approximately 

1,510,000 (American Fact Finder, 2008). This number increased by 76.62% based on 

the approximated 2,667,000 students enrolled in 2007 (American Fact Finder, 2008). 
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During about 30 years, that’s approximately an additional 1,157,000 students across the 

entire State. Furthermore, the National Center for Education Statistics reported that from 

1930 to 2001, public school enrollment in the U.S. nearly doubled, from 26 to 48 million 

students (across all grade levels), yet the number of public school buildings decreased 

60 percent in the same period, from 247,000 to 93,000 (ICMA, 2008). This statistic 

indicates a shift from an average of 105 students to nearly 516 students per school 

building. As the average size of a school has grown, so to have the distances between 

schools and the neighborhoods they serve. This trend not only relates to growth in 

average enrollment size, but is also causative of the policies and practices that 

encourage large site locations and discourage expansion and renovation of existing 

school sites.  

School enrollment capacity is partially decided by the district school board’s 

establishment of School Attendance Zones (SAZ). School attendance zones are the 

geographical boundaries that institute which communities (area) a school will serve. 

SAZs are established based on a series of factors, of which enrollment capacity plays a 

critical role. 

SAZs are also developed with the purpose of integrating a diversity of students into 

school facilities. However, balancing the structure of a student body is quite difficult, due 

to residential development patterns which often produce neighborhoods that are 
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demographically and socio-economically unbalanced. The result is a set of attendance 

boundaries that vary considerably in shape and size (Steiner, et al., 2008). The location 

of a school site relative to the neighborhood it is intended to serve may be quite distant, 

which in turn gives rise to n transportation issue concerning the mode choice of children 

travel from home to school. While recognizing this problem and understanding its 

implications, this study is focused on the location of school and students in relation to the 

center of SAZ. 

School site location and site size. The increase in school site size also plays a 

critical role in determining school walkability. Over the past thirty years, the acreage 

required for school sites has been increased so much that it is becoming more difficult to 

consider walkability as a critical factor in school location siting. In many cases, 

over-grown school site is resultant of concerning on costs and availability of land within 

existing urban areas. With scarce budgetary resources under a weakened economy, 

government dollars are being spent to cover the most crucial needs, particularly wages 

for teacher’s positions, and the cost of text books, among other needs. Citing school 

walkability as a priority is typically an afterthought (Schmucker, 2009).  Due to the 

increased distances between many schools and the neighborhoods they serve, walking 

and bicycling is simply not feasible and the school bus is typically acknowledged as the 

solution to the problem. In the State of Florida, district bussing is not provided within a 
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two mile radius around school sites, unless hazardous walking conditions exist 

preventing safe and accessible access for children to walk or bicycle to school (e.g., road 

construction). Under these circumstances, courtesy bussing is provided for those 

students until such problems hindering access from home to school are remedied. 

Besides, due to other factors such as safety, parents still drive their children to school 

even close enough to school (Campbell & Wang, 2008).  

Another study, examining the impact of neighborhood walkability (based on street 

connectivity and traffic exposure) within 2 km of public primary schools on children 

regularly walking to school, reveals that connected street networks provide direct routes 

to school(Georgina et al,2010). However, when connected street networks are designed 

for heavy traffic, the potential for children to walk to school is reduced. This highlights the 

importance of carefully considering school siting and, particularly, street design in school 

neighborhoods 

Street Connectivity 

A central point of contention among urban planners and transportation engineers is 

the issue of street network design and pedestrian travel options. In designing road 

networks with the primary goal of increasing automobile efficiency, critics argue 

transportation planners have built mode choice out of the built environment equation. 

The development of cul-de-sacs, for example, represent an approach to design 
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efficiency for automobile transportation, but they have the opposite effect on pedestrian 

access and efficiency; pedestrians often have to take out-of-the-way, circuitous routes 

because direct routes are truncated by cul-de-sacs, and transit vehicles cannot efficiently 

serve curvilinear neighborhoods or branch roads. Therefore, many modern suburbs limit 

pedestrian and transit access in exchange for increased auto-mobility (Cervero 1997). 

Reform-minded urban designers argue that walking will increase in neighborhoods 

designed with more pedestrian friendly features, such as connected sidewalk layouts, 

increased mixed-use development, and high density commercial and residential 

development (Duany 2001). Street design is one example of measures commonly used 

to assess neighborhood walkability – researchers also frequently employ provision of 

sidewalks, streetscape design, miles of street, and access to activities. 

There have been many studies of the relationship between active transportation 

and urban form in adults, but the associated factors for adults may differ from those for 

children. Few studies have investigated the relationship between street connectivity and 

children’s walkability and physical activity, and results are mixed with some indicating a 

relationship and others finding no associations.  

Norman et al(2006), investigating community design and access to recreational 

facilities variables derived using geographic information systems (GIS) for799 

adolescents, found limited evidence that street connectivity( intersection density as 
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indicator) was associated with adolescence activity. However, this study shows the 

results that intersection density inversely related to girls’ physical activity, which implies 

that the impact of street connectivity on children’s physical activity may differ by gender. 

Center for Design, Methods, and Analysis(2004) evaluates the relationship between 

neighborhood design and rates of students walking and biking to elementary school in 34 

California communities. The results from this study shows that children’s biking and 

walking rates were not associated with intersection density. It is worthy noted that in 

another study street connectivity was found to be inversely related to physical activity. 

Timperio A, Ball K, Salmon J, et al(2006) conducted a Cross-sectional study of 235 

children aged 5 to 6 years and 677 children aged 10 to 12 years from 19 elementary 

schools in Melbourne, Australia and found that Good connectivity en route to school was 

negatively associated with walking or cycling to school among older children. 

On the other hand, The City of Raleigh, North Carolina, recently published “Design 

Guidelines for Pedestrian-Friendly Schools,”(2008) outlining thirteen main characteristics 

of the area within one quarter-mile radius of a school that indicate high potential for 

walking and bicycling, which includes street connectivity as indicator. Schlossberg et al 

(2006) conducted a study by evaluating the effects of urban form and distance on travel 

mode to school among middle school students in Oregon, which found that urban form 

does play a role in a child’s travel options to school. Schlossberg and colleagues (2006) 
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utilize several indicators of street connectivity, including street density, intersection 

density and pedestrian route directness. The findings from this study also reveals that 

students are willing to walk at distances greater than the accepted standard of 

one-quarter mile, which supports further research investigating the impact of urban form 

at greater distances around school sites. In addition, this study found that while holding 

distance and other urban form measures constant, intersection density was a strong 

indicator which influenced overall walkability (Schlossberg, et al., 2006). In support of the 

findings from this study, Frank et al(2005) suggest that areas with densities equal to or 

greater than 30 intersections per square kilometer have been associated with greater 

overall connectivity and increased levels of physical activity.  

Schmucker(2009) investigated how urban form impacts children’s potential 

walkability to school by conducting a case study of Orange and Seminole Counties in 

Central Florida. This study, using half mile and one mile as walkable distance, reveals 

that good street connectivity reflects the well-connected urban form which provides a 

great potential for children walking or bicycling to school.  

Residential Density 

The U.S. Census compiles data on the characteristics and locations of citizens 

across the country. Therefore, density measures such as population, housing units, and 
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employees per unit area are the most readily accessible and oft used urban form 

variable in neighborhood accessibility research. 

Neighborhood accessibility research frequently relies on household survey results 

and personal daily trip diaries (Cervero 1997; Audirac 1999). These data collection 

methods are designed to spatially locate residents’ characteristics and behaviors. In her 

1999 article, Ivonne Audirac (1999) explored the likelihood that housing consumers 

would trade-off living on smaller lots for pedestrian proximity to community amenities. 

Her analysis of the University of Florida, Bureau of Economic and Business Research 

(BEBR) consumer attitude survey found residents of single-family homes were willing to 

trade smaller lot sizes for improved pedestrian access to 2 of 5 types of neighborhood 

amenities. Residents of apartments and condos, for whom the spatial costs of reduced 

lot size are minimal, were willing to accept smaller lots for improved access to any 

community facility. These results suggest higher residential densities may instill a greater 

appreciation of walkable neighborhoods. 

Many studies have been published relating walkability and increased levels of 

physical activity to various characteristics of urban form including, residential density, mix 

of land uses, street connectivity, and aesthetics & safety (Saelens, Sallis, Black, & Chen, 

2003). Although little research has been conducted specifically examining the impact of 
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residential density on a child’s ability to walk and bicycle to school, two studies give a 

look at the relationship between them. 

Kerr et al(2007)conducted a study looking at pedestrian travel in Atlanta by US 

youths aged 5–18 years. Relationships between five urban form variables and walking 

in specific demographic subgroups are assessed using stratified logistic models and 

controlling for participant demographics. Residential density and recreation space were 

strongly related to walking in the highest income group, and residential density was a 

stronger factor in the larger households. In another study, Center for Design, Methods, 

and Analysis (2004) evaluates the relationship between neighborhood design and rates 

of students walking and biking to elementary school in 34 California communities. The 

results from this study supported that the walking and biking rates are higher in denser 

neighborhoods and to smaller schools.  

In this research study, the author will examine the impact of residential density on 

school walkability. A key issue to consider when using density as a measurable 

characteristic of walkability is the differences in calculating density types. Depending on 

the type of research one might be conducting, it is important to differentiate the 

classification of density calculations being used, as results can sometimes be confusing 

or misinterpreted (Forsyth, 2003). For instance when calculating either Gross or Net 

residential density, it’s not enough to state the one is calculating “Net” residential density. 
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This is due to a difference in mathematical equating. Net density refers to densities 

where the base land area calculation focuses only on the parcel or, if covering larger 

areas, excludes certain uses (e.g.: commercial and retail uses). Gross densities do not 

have such exclusions (calculations include all land uses) (Forsyth, 2003). Research 

suggests that schools be located in neighborhoods with a minimum net residential 

density of 5 dwelling units per acre (City of Raleigh, N.C., 2008). However, other 

research has shown that more walkable areas have a net residential density equal to or 

greater than 6 dwelling units per residential acre while less walkable areas experienced 

less than 4 dwelling units per residential acre (Frank, et al., 2005). In addition, Students 

Residential ratio is a good indicator representing students’ density within all dwelling 

units. 

Summary 

Childhood obesity has been a national trend in the United States. A number of 

research has proved that the decline in physical activity could contribute to childhood 

obesity. Walk and bicycle to school could be an effective way to encourage children to 

engage in physical activity. Throughout the literature, there are a number of factors 

affecting walkability. Studies on measures of walkability show a consistent focus on 

connectivity, proximity, land use mix, density and safety. Due to the characteristic of 

children’s travel between school and home, several studies about urban forum factors 
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put an emphasis on school location, size and siting, street connectivity and residential 

density. Most research agreed with the findings that both school location and residential 

density are associated with children’s walkability. However, it is contentious among 

literature that if street connectivity has a relationship with children’s biking and walking to 

school. This research will investigate if there are correlations between these urban form 

factors and children’s walkability to school. 

 
Figure 2-1.  Prevalence of Overweight Children and Adolescents (CDC,2011) 
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CHAPTER 3 

METHODOLOGY 

This chapter describes the methods used to examine the correlation between 

urban form factors and children’s walkability. Children’s walkability is measured by 

children’s potential walkability to school, assuming that all students living within study 

zone could walk to school. The measures of urban form factors included in this research 

are street connectivity, residential density and school attendance zone location. 

Establish Study Zone 

In order to develop the measures of students’ walkability and urban form factors, 

the research establishes the study zone by taking into account school attendance zone 

and walkable distance. 

School Attendance Zone 

Given that the students who are zoned within school attendance zone are eligible 

for attending certain school, the research mapped the school attendance zone for each 

school and identified the students who are eligible for certain schools accordingly (Figure 

3-1). 

Walkable Distance 

The school attendance zone defines a boundary by which the study measures 

could be picked and developed. However, on one hand the fact that the different school 
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attendance zones vary in size gives rise to the difference in the size of study measures. 

For example, the number of residential units largely depends on the size of school 

attendance zone. The larger school attendance zone would be, the more residential 

units could be produced. On the other hand, in certain case some students who are 

zoned within school attendance zone may live beyond the reasonable walk distance as 

we discussed before in Chapter 2. For these students who have least potential to walk 

to/from schools, the research cannot take them as study subjects. 

In order to eliminate the effect of size of school attendance zone on study, the 

conception of reasonable walk distance is used to adjust the school attendance zone.  

Some research on walkability before has cited one-quarter mile (or 400 meters) as an 

acceptable distance an individual might be expected to walk to any given destination 

(Atash, 1994). However, in the State of Florida (where this research study takes place), a 

two-mile radius shed  has been established around school sites, defining the boundary 

by which parents are responsible for getting their children to school. On one hand, as 

mentioned above the acceptable distance a person might be expected to walk is 

approximately one-quarter mile. This suggests that the two-mile radius established in the 

State of Florida is not a reasonable distance to expect a child to walk or bicycle to school. 

On the other hand, taking into account the real condition (two-mile radius shed) in the 

State of Florida, one-quarter mile boundary would exclude too many students out of the 
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category that has potential to walk to school. To investigate the potential walkability of 

children who walk or bicycle to school in the State of Florida, one-half mile would be a 

reasonable distance for most students to walk or bicycle to school and even one mile 

would be still acceptable for biking or for high grade students’ walking. Therefore, this 

research will focus on urban form factors within half-mile and one-mile sheds. 

Due to the geographic scale at which it is most potential for students to walk to/from 

schools, the measures of this research are developed at two scales: 0.5mile radius 

distance and 1 mile radius distance. Using school location point as center, a circle is 

drawn at a radius of 0.5 mile and 1 mile. 

The overlapping part of school attendance zone and circle is the study zone. 

(Figure 3-2) Thus the study zone defines a boundary by which students eligible for 

attending school live within an acceptable walk /bicycle distance. 

Dependent Variable 

For the purpose of investigating the correlation between children’s walkability and 

urban form factors, this research used Regression Model in ArcGIS to test the potential 

correlations between walkability and urban forum variables. Students’ walkability is 

established as dependent variable and urban form factors as independent variables. 

As noted in last section, it is accepted that students living within study zone have 

most potential to walk or bike to school. Therefore the number of students within study 



32 

 

zone could represent the potential walkability. Taking into account the variation in the 

shape of different school attendance zones, this study uses the density of students who 

reside within study zone as the measure of dependent variable. (Figure 3-3) 

Measure of dependent variable= the number of students within study zone/ the 

acreage of study zone. 

 Independent Variables 

The study utilized three characteristics of urban form as independent variables: 

school attendance zone geometry, street connectivity and residential density. Based on 

the literature review, three of these characteristics are measured by quantitative 

indicators illustrated in the following sections. 

School Attendance Zone Geometry Indicators 

This research used three geographic characteristics to calculate the indicators of 

school attendance zone location: school location point, geographic mean center of 

students’ location points and geographic mean center of study zone. Based on these 

three points, the following indicators are developed :(Figure 3-4) 

Indicator 1: The Euclidean distance between school location point and geographic 

mean center of students’ location points (DSSP). 

DSSP shows the geographic relationship between school site and students 

residing within study zone.  
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Indicator 2: The Euclidean distance between school location point and geographic 

mean center of study zone (DSSZ). 

DSSZ shows the centralization of school site in the relation to study zone.  

Indicator 3: The Euclidean distance between geographic mean center of students’ 

location points and geographic mean center of study zone (DSPSZ). 

DSPSZ shows the shows the geographic relationship between study zone and 

students residing within study zone.  

Street Connectivity Indicators  

To measure street connectivity three walkability indicators are used: (1) Street 

Density (the total number of linear miles of street per square mile); (2) Intersection 

Density (the total number of intersections per square mile); and (3) Pedestrian Route 

Directness (the ratio of the network distance to the Euclidean (straight-line) distance 

between two points).  

Indicator 1: Street Density is used as an indicator to provide a quantitative 

measure of the number of available pathways (available miles of streets) a child might be 

able to travel between home and school. This study will utilize the street network as the 

surrogate pathway for measuring these connections. These pathways are identified by a 

calculation measuring the distance along the centerline of each street. A greater street 

density within the proximity of a school site presumably means that there are more roads 
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available thus increasing the potential for a child to walk or bicycle to school. Street 

density is a calculation derived from dividing the total number of street miles by the total 

area (square miles) within a specified range. 

Indicator 2: Intersection Density is correlated to street patterns in that intersections 

rely on the presence of street networks. Intersection density is also used to provide 

information of connectivity by illustrating nodes of intersection (junction between streets 

and roadways). A higher degree of intersection density presumably indicates higher 

levels of connectivity, thus providing environments that support a greater potential for 

walkability. Intersection density is calculated by dividing the total number of intersections 

by the linear miles of street within a specified range. Again this calculation will be 

conducted using the half- and one-mile analysis zones as boundaries.  

Indicator 3: Pedestrian Route Directness(PRD) is a value representing the 

directness of travel between two points. More specifically, it is a ratio between the 

straight-line distance of two points divided by the network distance between those same 

two points (an origin and a destination). In this study, PRD is measured using schools as 

destination points and using individual residential dwelling units as origin points. PRD is 

then tallied for each analysis zone using the average network and straight-line distances 

between residential dwelling units to the corresponding school they are zoned. Although 
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a formative indicator of connectivity, PRD is not always representative of walkable 

environments (Dill, 2004). 

Residential Density Indicators  

Residential density is also measured, using three indicators: (1) Gross Residential 

Density (total number of dwelling units per gross acre); (2) Net Residential Density (total 

number of dwelling units per residential parcel acre). (3) Students Residential Ratio. 

Residential density information used for this study was provided from data prepared in 

previous research (Steiner, et al., 2008; Bejleri, et al., 2008). Three of them are 

calculated by assigning dwelling unit counts to residential parcels within each study zone. 

This information was created using land use codes acquired by the Department of 

Revenue, dwelling unit counts for multifamily parcels using data from the 2006 American 

Community Survey, and additional information provided by the Bureau of Economic and 

Business Research, and county apartment complex records (Steiner, et al., 2008; Bejleri, 

et al., 2008). 

Indicator 1: Gross Residential Density provides a value representing the total 

number of dwelling units per gross acre. Gross acreage includes all land use 

designations (e.g.: residential, commercial, industrial, etc.). 

Indicator 2: Net Residential Density provides a value representing the total 

number of dwelling units per residential parcel acre. The residential parcel acre is the 
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acreage containing only residential land uses, excluding such land uses as mentioned in 

the calculation of gross residential densities (e.g.: commercial). Net residential density 

will be compared to acceptable standards of net residential density to determine levels of 

walkability within the established half- and one-mile analysis zones.  

Indicator 3: Student Residential Ratio is a value representing the number of 

students per residential unit. It is calculated as students number within analysis zone 

divided by total residential units within analysis zone. Compared to the gross residential 

density and net residential density, student residential ratio reveals the generation of 

students population in study zone. A higher value indicates a greater children’s potential 

walkability. 

Regression Model 

“Regression analysis allows you to model, examine, and explore spatial 

relationships, and can help explain the factors behind observed spatial patterns. 

Regression analysis is also used for prediction”.( ArcGIS Desk Help 9.1). 

Ordinary Least Squares(OLS) is the best known of all regression techniques. It is 

also the proper starting point for all spatial regression analyses. It provides a global 

model of the variable or process you are trying to understand or predict (early 

death/rainfall).(ArcGIS Desk Help9.1) it creates a single regression equation to represent 
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that process. In this study, a single regression equation is created to represent how 

urban form factors correlate with the school children’s walkability. 

According to ArcGIS Desk Help 9.1, a mathematical formula of regression model 

could be expressed as Figure 3-5. 

Y is the dependent variable, the X's are the explanatory variables, and the β's are 

regression coefficients. In this research, Y is students’ density within study zone, the X’s 

are all indicators representing urban form factors described above, and the β's are 

regression coefficient produced by OLS. Thus, the equation applying to this study could 

be expressed as: 

Students’ Density within Study Zone = β0+β1(DSSP) + β2(DSSZ) + β3(DSPSZ) + 

β4(Street Density) + β5(Intersection Density) + β6(PRD) + β7(Gross Residential Density) 

+ β8(Net Residential Density)+ β9(Student Residential Ratio)+ε 

Applying this equation to the Ordinary Least Squares Tools in ArcGIS (Figure 3-6) 

will produce the results demonstrated in the Chapter 4. The interpretation of OLS results 

is represented on APPENDIX. 

Summary 

The methodology described in this chapter provides a quantitative way to measure 

the urban form pattern that has effects on children’s walking/biking between school and 

home. Dependent variable is valued by students’ density within study zone, assuming 
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that all children living within study zone could walk and bicycle to school. The total of 

nine indicators created in this chapter represents three urban form factors: school 

attendance zone geometry, street connectivity and residential density. OLS regression 

model gives a quantitative look into the relationship between children’s walkability to 

school and urban form factors, which helps to understand the effect of urban form on 

children’s walkability more precisely.
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Figure 3-1.  Illustration of School Attendance Zone 
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Figure 3-2.  Illustration of Study Zone 
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Figure 3-3.  Illustration of Dependent Variable 
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Figure 3-4.  Illustration of School Attendance Zone Geometry 
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Figure 3-5.  Mathematical Formula of Regression Model (ArcGIS Desktop Help 9.1) 

 

 
Figure 3-6.  Ordinary Least Squares Tools in ArcGIS 
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CHAPTER 4 

RESULTS AND FINDINGS 

This chapter demonstrates the results and findings from the regression model 

based on the methodology described in Chapter 3. The whole chapter consists of 3 

sections. The first section presents the results for the half-mile study zone. The second 

section presents the results for the one-mile study zone. In last section, the results are 

summarized based on the interpretation of variables and indicators described in the 

methodology, and compared between two different scales of study zone. 

Results from Regression Model of Half-mile Study Zone 

Figure 4-1 shows those indicators of half-mile study zone containing one 

dependent variable and nine explanatory variable indicators from all 40 school study 

zones.  

Pre-running of OLS regression model(Figure 4-2) reveals that explanatory variable 

redundancy exists between street density and intersection density.(value of VIF > 7.5, 

see the interpretation of OLS results at APPENDIX A)Therefore intersection density is 

removed to refine the model. 

After refining the model, the results from OLS regression model shows in Figure 

4-3. 

The Adjusted R-Squared value of 0.71309 indicates that regression model in this 

research explains approximately 71.3% of the variation in the dependent variable, or 
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said another way: the model of half-mile study zone tells approximately 71.3% of the 

school children’s walkability "story". ‘Probability’ shows that both Gross Residential 

Density and Student Residential Ratio are statistically significant. ‘Coefficient’ shows that 

both Gross Residential Density and Student Residential Ratio are positively correlated to 

dependent variable (school children’s potential walkability).(Table 4-1.) 

Results from Regression Model of One-mile Study Zone 

Figure 4-4 shows data of One-mile study zone containing one dependent variable 

and nine explanatory variables from all 40 school study zones.  

Pre-running of OLS regression model gives rise to the same issue of explanatory 

variable redundancy as half-mile model does. (Figure 4-5) Therefore intersection Density 

is removed for the purpose of refining the model. After refining the model, the results 

from OLS regression model shows in Figure 4-6. 

The Adjusted R-Squared value of 0.757944 indicates that the model of one-mile 

study zone explains approximately 75.79% of school children’s walkability in the 

one-mile study zone. Probability values present that four independent variables are 

statistically significant: PRD, Gross Residential Density, Street Density and Student 

Residential Ratio. Based on Coefficient values PRD is negatively correlated to 

dependent variable while other three independent variables are positively correlated to 

dependent variable. (Table 4-2) 
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Summary 

In both models, the majority of findings from OLS reveal that there are correlations 

between dependent variable and some independent variables. In half-mile model, it is 

apparent that Gross Residential Density and Student Residential Ratio are statistically 

correlated to school children’s potential walkability. Unlike half-mile model, one-mile 

model presents that PRD and Street Density are also statistically correlated to 

dependent variable except both Gross Residential Density and Student Residential Ratio. 

It is worthy noted that neither of model produces the statistic significance on school 

attendance zone location indicators. Besides, the result that explanatory variable 

redundancy exists between street density and intersection density implies that these two 

indicators explain the same characteristics of street connectivity. 

Although two models returned different results, the value of Adjusted R-Squares, 

0.713019 and 0.757944 respectively, has proved that the selections of explanatory 

variables and indicators are effective. Findings did not reveal any contradictions, making 

it reasonable to explain the results.  

The next chapter provides discussion of the findings presented here, especially 

interpreting the difference in the results from both models. Chapter 5 also includes the 

limitations of this study and provides recommendations for future research. 
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Figure 4-1.  Indicators of Half-mile Model 

 

NET_DU_DNS: Net Residential 

Density. 

GRS_DU_DN: Gross Residential 

Density. 

STRLN2NTWD: PRD. 

INT_DNSTY: Intersection Density. 

STU_DNSTY: Students density 

within study zone. 

RD_DNS: Street Density. 

STU_GEN: Student Residential 

Ratio. 

DIST_1: Euclidean distance 

between school location point and 

the geographic center point of 

study zone. 

DIST_2: Euclidean distance 

between the mean center of 

students’ points within analysis 

zone and the geographic center of 

study zone. 

DIST_3: Euclidean distance 

between the mean center point of 

students’ locations within study 

zone and school location points. 
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Figure 4-2.  Pre-running Results from Half-mile Model 
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Figure 4-3.  Results from Half-mile Model 
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Table 4-1.  Summary of Results from Half-mile Model 

Variables Coefficient Probability (95%) 

Net Residential Density 7.206927 0.520606 

PRD -228.735 0.068123 

Gross Residential Density 60.4862 0.039739 

Street Density 5.972002 0.112063 

Student Residential Ratio 901.5548 3.92E-09 

DSSP 0.040154 0.483574 

DSPSZ -0.08607 0.239525 

DSSZ -0.00473 0.94136 
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Figure 4-4.  Indicators of One-mile Model 

 

 

NET_DU_DNS: Net Residential 

Density. 

GRS_DU_DN: Gross Residential 

Density. 

STRLN2NTWD: PRD. 

INT_DNSTY: Intersection Density. 

STU_DNSTY: Students density 

within study zone. 

RD_DNS: Street Density. 

STU_GEN: Student Residential 

Ratio. 

DIST_1: Euclidean distance 

between school location point and 

the geographic center point of study 

zone. 

DIST_2: Euclidean distance 

between the mean center of 

students’ points within analysis zone 

and the geographic center of study 

zone. 

DIST_3: Euclidean distance 

between the mean center point of 

students’ locations within study 

zone and school location points. 
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Figure 4-5.  Pre-running Results from One-mile Model 
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Figure 4-6.  Results from One-mile Model 
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Variables Coefficient Probability (95%) 

Net Residential Density. 3.884205 0.606127 

PRD -306.409 0.012255 

Gross Residential Density 59.40819 0.005127 

Street Density 8.619387 0.019781 

Student Residential Ratio 860.75 3.31E-08 

DSSP 0.027695 0.16508 

DSPSZ  -0.00516 0.838033 

DSSZ -0.01224 0.547367 

Table 4-2.  Summary of Results from One-mile Model 
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CHAPTER 5 

DISCUSSIONS 

In this chapter of this research, the author will discuss how the findings from 

regression models support the research question of how the urban form factors is 

correlated to children’s walkability. 

Discussions and Conclusions 

The study chose to use school attendance zone location, street connectivity and 

residential density as urban form factors to investigate the children’s walkability around 

public school sites. Based on the prior literature, it is confident to say that these three 

variables are best representative of children’s potential walkability. However, the findings 

from both models of half-mile and one-mile study zone revealed that school attendance 

zone geometry indicators are not associated with school children’s walkability, which 

might imply geometry of school attendance zone does not affect children’s walkability 

within half-mile and one-mile sheds. This finding does not support the studies (Steiner,et 

al, 2008)claiming that school location and siting play a key role in determining the 

children’s walkability. 

In the results from the model of half-mile study zone, the fact that both statistical 

significant indicators respond to dependent variable positively indicates that higher 

residential density and percentage of residential units that have school children could 

produce higher children’s walkability. This findings support the discussion of former 
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literature about residential density is positively related to children’s walkability. However, 

it is unexpected that street connectivity did not show any correlation to the dependent 

variable in this case. 

In the results from model of one-mile study zone, the indicators of residential 

density responded to the dependent variable the same as half-mile model did. Apart from 

this, PRD presents the negative correlation to the dependent variable while street 

density presents the positive one, indicating that the better street connectivity shows the 

higher children’s walkability. The results support the studies that found both residential 

density and street connectivity have positive correlations with children’s walkability. 

It is worthy noted that Students Residential Ratio and PRD have stronger effect on 

dependent variable based on the values of coefficient. 

The fact that variables present the different relations in two models suggests that 

children’s walkability to school is affected by the distance to school. For children who live 

close enough to school (within half-mile in this study), street connectivity is not a key 

concern for walking and biking to school. Street connectivity is taken into account by 

children who live within one-mile from school. However, this implication casts a 

contradiction with the findings that school attendance zone geometry indicators are not 

associated with school children’s walkability. One of reason for this contrary could be that 
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OLS regression model is not the best tool to test geographic relationship. Further study 

needs to explore the geometry of school attendance zone. 

Nonetheless, with the confidence, the conclusion could be made that there is a 

correlation between urban form factors and children’s walkability to school under certain 

circumstances. PRD, Gross Residential Density, Students Residential Ratio and Street 

Density present the statistical correlation to children’s potential walkability. The 

correlations present a difference in half-mile and one-mile models. The findings that 

Students Residential Ratio and PRD have stronger effect on children’s walkability 

demonstrate that the improvements on residential density and street connectivity could 

facilitate the children’s walk or bicycle to school, which in turn may decrease the 

childhood obesity by increasing the children’s daily physical activity. 

Limitations and Future Studies 

Limitations  

This research study is conducted based upon data from 40 elementary and middle 

schools. Sample of 40 schools are too small to tell the truth about children’s walkability. 

In addition, the selected schools are not geographically weighted, which in part explains 

no significance on school attendance zone geometry indicators. 

Secondly there is a difference of travel model between middle school students and 

elementary school students, which makes it different in the acceptable walk 
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distance.( middle school students who ride bicycle can reach a distance larger than 1 

mile) Besides, some research also shows urban form factors have different impact on 

children at different age group and different gender. 

The findings cannot tell which students actually do walk or bike to school, because 

this research evaluated the children’s potential walkability, assuming that all children 

within study zone could walk to school. Whether a child would walk or bike to school 

could be determined by other social, economic or family factors. Although a survey was 

conducted on these 40 schools to collect the number of children walking or biking to 

school during three surveyed days, it cannot help to tell the exact child who actually 

walks or bikes either. 

Future Studies 

Due to the limitation of this research, future study could choose the larger sample 

that locates close to each other geographically, using Geographically Weighted 

Regression (GWR) after OLS to further explore the geographical relation between 

children’s walkability and urban form factors. 

Given that the actual travel model choice of children could be determined by a 

number of social, economic, family and physical environment factors, future research 

could add dummy variables that representing other factors other than urban form to 

refine the study model, such as gender, family income and ethnic.  
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CHAPTER 6 

CONCLUSIONS 

This research testified that there is a correlation between urban form factors and 

children’s walkability under certain circumstances by using OLS regression model tool in 

ArcGIS. The findings support the prior theory about the impact of street connectivity and 

residential density on children’s walkability to school. 

Although the study is conducted upon a relatively small sample of forty public 

elementary and middle schools, the findings could help to increase children’s physical 

activity by improving physical environment related to urban form factors, especially street 

connectivity and residential density, considering the findings that PRD and Students 

Residential Ratio have stronger relations to children’s potential walkability. Due to the 

limitation on availability of data and research model, the findings cannot tell the actual 

children’s walkability.
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APPENDIX 

INTERPRETATION OF OLS RESULTS 

You will need to provide an input feature class with a unique ID field, the dependent 

variable you want to model/explain, and all of the explanatory variables. You will also 

need to provide a pathname for the output feature class, and optionally, pathnames for 

the coefficient and diagnostic output tables. As the OLS tool runs, statistical results are 

printed to the screen.  

(B) Examine the statistical report using the numbered steps described below under 

"Dissecting the Statistical Report":  

 

 

Dissecting the Statistical Report 
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Assess model performance. Both the Multiple R-Squared and Adjusted R-Squared 

values are measures of model performance. Possible values range from 0.0 to 1.0. The 

Adjusted R-Squared value is always a bit lower than the Multiple R-Squared value 

because it reflects model complexity (the number of variables) as it relates to the data, 

and consequently is a more accurate measure of model performance. Adding an 

additional explanatory variable to the model will likely increase the Multiple R-Squared 

value, but decrease the Adjusted R-Squared value. Suppose you are creating a 

regression model of residential burglary (the number of residential burglaries associated 

with each census block is your dependent variable, y). An Adjusted R-Squared value of 

0.84 would indicate that your model (your explanatory variables modeled using linear 

regression) explains approximately 84% of the variation in the dependent variable, or 

said another way: your model tells approximately 84% of the residential burglary "story".  

 

 

Assess each explanatory variable in the model: Coefficient, Probability or Robust 

Probability, and Variance Inflation Factor (VIF). The coefficient for each explanatory 

variable reflects both the strength and type of relationship the explanatory variable has to 
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the dependent variable. When the sign associated with the coefficient is negative, the 

relationship is negative (e.g., the larger the distance from the urban core, the smaller the 

number of residential burglaries). When the sign is positive, the relationship is positive 

(e.g., the larger the population, the larger the number of residential burglaries). 

Coefficients are given in the same units as their associated explanatory variables (a 

coefficient of 0.005 associated with a variable representing population counts may be 

interpreted as 0.005 people). The coefficient reflects the expected change in the 

dependent variable for every 1 unit change in the associated explanatory variable, 

holding all other variables constant (e.g., a 0.005 increase in residential burglary is 

expected for each additional person in the census block, holding all other explanatory 

variables constant). The T test is used to assess whether or not an explanatory variable 

is statistically significant. The null hypothesis is that the coefficient is, for all intents and 

purposes, equal to zero (and consequently is NOT helping the model). When the 

probability or robust probability is very small, the chance of the coefficient being 

essentially zero is also small. If the Koenker test (see below) is statistically significant, 

use the robust probabilities to assess explanatory variable statistical significance. 

Statistically significant probabilities have an asterisk "*" next to them. An explanatory 

variable associated with a statistically significant coefficient is important to the regression 

model if theory/common sense supports a valid relationship with the dependent variable, 
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if the relationship being modeled is primarily linear, and if the variable is not redundant to 

any other explanatory variables in the model. The variance inflation factor (VIF) 

measures redundancy among explanatory variables. As a rule of thumb, explanatory 

variables associated with VIF values larger than about 7.5 should be removed (one by 

one) from the regression model. If, for example, you have a population variable (the 

number of people) and an employment variable (the number of employed persons) in 

your regression model, you will likely find them to be associated with large VIF values 

indicating that both of these variables are telling the same "story"; one of them should be 

removed from your model.  

 

 

Assess model significance. Both the Joint F-Statistic and Joint Wald Statistic are 

measures of overall model statistical significance. The Joint F-Statistic is trustworthy only 

when the Koenker (BP) statistic (see below) is not statistically significant. If the Koenker 
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(BP) statistic is significant you should consult the Joint Wald Statistic to determine overall 

model significance. The null hypothesis for both of these tests is that the explanatory 

variables in the model are not effective. For a 95% confidence level, a p-value 

(probability) smaller than 0.05 indicates a statistically significant model.  

 

 

Assess Stationarity. The Koenker (BP) Statistic (Koenker's studentized 

Bruesch-Pagan statistic) is a test to determine if the explanatory variables in the model 

have a consistent relationship to the dependent variable (what you are trying to 

predict/understand) both in geographic space and in data space. When the model is 

consistent in geographic space, the spatial processes represented by the explanatory 

variables behave the same everywhere in the study area (the processes are stationary). 

When the model is consistent in data space, the variation in the relationship between 

predicted values and each explanatory variable does not change with changes in 
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explanatory variable magnitudes (there is no heteroscedasticity in the model). Suppose 

you want to predict crime and one of your explanatory variables in income. The model 

would have problematic heteroscedasticity if the predictions were more accurate for 

locations with small median incomes, than they were for locations with large median 

incomes. The null hypothesis for this test is that the model is stationary. For a 95% 

confidence level, a p-value (probability) smaller than 0.05 indicates statistically 

significant heteroscedasticity and/or non-stationarity. When results from this test are 

statistically significant, consult the robust coefficient standard errors and probabilities to 

assess the effectiveness of each explanatory variable. Regression models with 

statistically significant non-stationarity are especially good candidates for GWR analysis.  
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Assess model bias. The Jarque-Bera statistic indicates whether or not the residuals 

(the observed/known dependent variable values minus the predicted/estimated values) 

are normally distributed. The null hypothesis for this test is that the residuals are 

normally distributed and so if you were to construct a histogram of those residuals, they 

would resemble the classic bell curve, or Gaussian distribution. When the p-value 

(probability) for this test is small (is smaller than 0.05 for a 95% confidence level, for 

example), the residuals are not normally distributed, indicating model misspecification (a 

key variable is missing from the model). Results from a misspecified OLS model are not 

trustworthy.  

 

 

Assess residual spatial autocorrelation. Always run the Spatial Autocorrelation 

(Moran's I) tool on the regression residuals to ensure they are spatially random. 

Statistically significant clustering of high and/or low residuals (model under and over 

predictions) indicates a key variable is missing from the model (misspecification). OLS 

results cannot be trusted when the model is misspecified.  

javascript:_spatial_autocorrelation_morans_i_spatial_statistics_2578410.Click()
javascript:_spatial_autocorrelation_morans_i_spatial_statistics_2578410.Click()
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Finally, review the section titled "How Regression Models Go Bad" in the 

Regression Analysis Basics document as a check that your OLS regression model is 

properly specified. Notice, too, that there is a section titled "Notes on Interpretation" at 

the end of the OLS statistical report to help you remember the purpose of each statistical 

test.  

 

 

 

 

 

 

 

javascript:_regression_analysis_basics2578411.Click()
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