
Abstract 
 

DEMIR, EVRIM. The Influences of Site Design on Physical Activity and Social 
Interaction in Residential Planned Unit Developments.  
 
Rapid increase of overweight and obesity rates and related health consequences of diabetes 

and heart diseases have characterized the chronic health crisis facing the US population 

since the past decade. The lack of opportunities for daily physical activity in the built 

environment has been a major environmental factor causing increased sedentary lifestyles 

and contributing to this health crisis. Understanding the relationship between the built 

environment and physical activity is essential to evaluate the efficiency of possible 

environmental interventions, and therefore, is fundamental for creating and sustaining 

health-promotive environments. 

 

This study investigates the influences of residential neighborhood site design on daily 

routine physical and social interaction activities of individuals. The study utilizes a multiple 

case study design where four suburban residential planned unit developments (PUDs), 

located in Triangle area of North Carolina, are selected and studied. A 2X2 matrix, formed 

by ordinal indicators of neighborhood amenities and neighborhood site layout variables, is 

used as the determinant for case selection. Neighborhood physical environments are 

objectively analyzed using spatial analysis techniques such as GIS and Space Syntax 

(through integration, connectivity, and intelligibility values). Physical activity and social 

interaction variables are measured using a multi-method approach utilizing both objective 

(direct-observation of neighborhood-wide outdoor activities) and subjective methods 

(community survey investigating user perceptions and evaluations of neighborhood physical 

and social environment, as well as residents’ physical/social activity patterns and their 

favorite places/routes with explanations for reasons of use). 

 

Statistical analysis systems (SAS) and geographic information systems (GIS) software are 

used to statistically and spatially analyze collected data. Specifically, how site design 

characteristics of PUDs influence various activity patterns of the residents is studied. The 

spatial differences and similarities across/within cases are used to explain variations in 

activity levels and types. The results of the study suggest that neighborhood site design has 

influences on physical activity and social patterns of individuals. Syntactical properties of 

residential neighborhoods are better predictors of physical activity levels than individual-

level variables alone. This study adds to the small but growing knowledge base on the 

effects of design on public health and increases understanding of how community design 

can contribute to addressing the issue of sedentary lifestyles. 
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CHAPTER 1 

 

 

 

1. INTRODUCTION 
The United States is facing an unprecedented health crisis as a result of the rapid increase 

in overweight and obesity rates. Two thirds of Americans are obese or overweight (USDHHS 

[United States Department of Human and Health Services], 2003; WHO [World Health 

Organization], 2002). Similar epidemic proportions are emerging in industrialized as well as 

developing countries. The World Health Organization (WHO) has included obesity in the top 

10 mortality-risk associated illnesses (WHO, 2002). Health risk factors resulting from obesity 

and overweight, including diabetes and cardiovascular disease, worldwide compare with 

cigarette smoking and alcohol misuse in premature deaths (USDHHS, 2003; WHO 2002). 

 

Physical inactivity, increased caloric intake, and poor dietary habits constitute the three 

major causes of this epidemic. Whereas nutritional causes are mostly determined by 

economic factors and individual choices, physical inactivity is directly related to the built 

environment.  Increased auto-dependency and lack of opportunities for physical activity 

have been responsible for decreasing participation in physical activity, and thus have 

contributed to raising a sedentary generation. Considering these, influencing daily life 

behaviors in order integrate physical activity into daily routines is fundamental to the 

prevention of this obesity epidemic (Koplan and Fleming, 2000). 
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Traditional approaches to community health development have focused on individual level 

variables in health interventions (Goodman et al., 1996).  In the past two decades, 

researchers have realized that changes in health behavior also depend on larger level 

changes or social ecology (Stokols, 1992; Stokols et al., 2003; Winett, 1995).  With the 

recognition that behavior is greatly influenced by the environment in which people live, 

rather than the individual, “community” has been emphasized in recent approaches in 

health promotion (Thompson and Kinne, 1990). In this respect, social-ecological approaches 

in the promotion of physical activity have started forming its links with the built 

environment.  

 

With growing research efforts, accumulating evidence reveals the influence of the built 

environment on physical activity.  However, empirical evidence on neighborhood level 

influences is scarce. Research up to date has been large in scale (Cervero, 1988) or at a 

conceptual level (Cervero and Kockelman, 1997), and has not yet focused on detailed 

design attributes of the neighborhood environment in relation to physical activity. Even 

though the social ecological paradigm (Stokols, 1992, 2000) asserts the importance of both 

social and physical environment on health, empirical links between physical activity and 

social influences of neighborhood design have not yet been sought.   

 

Residential environments are central to daily life and therefore have a strong impact on the 

health and well being of individuals (Brower, 1996; Taylor, 1997). By influencing the 

activities and interactions of residents, residential neighborhoods define the very formation 

of daily routines.  For this reason, understanding mechanisms through which the physical 

and social neighborhood environments influence activity and interaction patterns in 

communities is a significant issue.  

 

Suburban settings comprise the majority of residential environments in the American 

landscape. With the continuous escape from the “ills” of the city, more and more people 

have moved to suburbia in the past five decades (Calthorpe, 1995; Talen, 1999). As of 

2000, the number of housing units in suburbia has reached 54% nationwide (HUD 

[Department of Housing and Urban Development], 2004a). The numbers are even higher 

for North Carolina (56%) (HUD, 2004a). Increase in the past decade in the North Carolina 

suburban population was 10% above the national average of 13% (HUD, 2004a). From 

1990 to 2000, more than 80,000 new suburban housing units were built in the Triangle area 

of North Carolina, which corresponds to an increase of 43% (HUD, 2004b). Therefore, 

suburbia continues to be a major context within residential environments. 
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Despite this growth of suburbia, prevalent suburban development patterns have been 

blamed for contributing to sedentary lifestyles. Today’s suburban residential environments 

have been considered to lack opportunities for daily physical activity with their uniform land 

uses, disconnected street patterns, and absence of sidewalks (Frank, Engelke, and Schmid, 

2003; Frumkin, 2002; Frumkin, Frank, and Jackson, 2004). How contemporary suburbs are 

planned and designed is not supportive of community health and well-being (Brower, 1996; 

Talen, 1999). As a result, new design approaches (Duany and Plater-Zyberk, 1992; Duany, 

Plater-Zyberk, and Speck, 2001) have emerged claiming solutions for physical inactivity and 

loss of sense of community through provisions in the design of the physical environment. 

 

Even though assertions about behavioral outcomes of certain suburban development 

patterns (conventional suburban, neo-traditional etc.) exist (Bagley and Mokhtarian, 2002; 

Crane and Crepeau, 1998; Handy and Clifton, 2001; Moudon et al., 1997), there is a lack of 

empirical evidence to show how specific design characteristics influence physical activity 

behavior within communities. Specifically, how residential neighborhoods site design effects 

daily-life physical activity has not yet been studied.  Although several neighborhood “types” 

had been compared in relation to physical activity (Handy, 1992; Handy and Clifton, 2001; 

Moudon et al., 1997; Saelens, 2003) systematic articulation of site layouts has not been 

utilized. Present research suggests that systematic analysis of configurational characteristics 

of neighborhoods will help analytically disentangle the ways different site designs encourage 

or discourage physical activity. Rather than intuitive labeling of neighborhood designs, 

quantitative indicators of site design variables (Hillier, 1996), which until now have not been 

utilized in physical activity research,  may improve understanding of urban design influences 

on physical activity; and contribute to physical activity research at meso- and micro-

environmental scales.   

 

Social ecological theories (Stokols, 1992) assert the importance of both physical and social 

dimensions of the environment on individual behavior. Empirical studies conducted in the 

past three decades in the fields of urban design, environmental and community psychology 

have confirmed this assertion, found associations between design of the physical 

environment, activity patterns, and neighborhood social life (Appleyard and Lintell, 1972; 

Whyte, 1980). However, very few studies have focused on this issue in relation to physical 

activity (Lund, 2003; Rodriguez, Khattak, and Evenson, 2006). Thus, there is lack of 

empirical evidence on how neighborhood design shapes social interaction patterns of 

residents and how this relates to their physical activity patterns.  For this reason, this study 

will also focus on social interaction in relation to neighborhood site design and will study the 
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associations between the physical and social neighborhood environment and physical 

activity.  

 

The main purpose of this study is to broaden understanding of how residential 

neighborhood design influences physical activity and social interaction of residents from an 

urban design perspective; and to provide empirical knowledge that can be utilized to 

develop future design guidelines, as a key to creating healthy communities in generations to 

come. Providing empirical evidence on such issues is essential to evaluate the efficiency of 

policy and design interventions and to inform future policy and design decisions. Landscape 

architects and urban designers generally rely on subjective knowledge for their design 

decisions. Through empirical knowledge translated into design concepts, designers can 

make educated design decisions and therefore better estimate the outcomes of their design 

practices. In this respect, this research, with its findings, aims to inform designers on how 

neighborhood site design, in terms of layout and amenities, influence the physical activity 

and social interaction of individuals. 

 

The next chapter is an overview of the literature on physical activity, social interaction and 

the built environment. Prior evidence on the issues is reviewed and gaps in the existing 

literature are displayed. The third chapter establishes the conceptual framework for the 

study and elaborates the variables and research questions. The methodological framework 

of the study, the research strategy, case selection criteria, methods for data collection, and 

analyses are explained in the fourth chapter. The fifth chapter reviews the findings from 

spatial analysis providing thick descriptions of the spatial characteristics of cases. The sixth 

chapter reports the findings from the behavior mapping. The seventh chapter reports the 

findings from the community survey. A summary of major findings reported in the previous 

chapters are given in the eighth chapter and discussed in relation to neighborhood space. 

The ninth chapter, conclusions, discusses the implications of these findings for design 

practice and research.  
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CHAPTER 2 

 

 

 

2. LITERATURE REVIEW 
Literature that pertains to this study can be grouped under three categories. First, literature 

on physical activity informs the influences of certain factors on physical activity 

phenomenon at various levels. Studies that followed an environmental approach to physical 

activity, as a subset of this larger group, reveal possible effects of the built environment on 

physical activity. Second, literature related to social interaction at the community level 

informs about relations between the built environment and social interaction. This group of 

literature gives insights about physical space and its social implications. Third, the literature 

related to the built environment gives different conceptualizations of space and spatial 

variables that may be helpful in understanding the influences of the built environment on 

any phenomena. 

 

2.1. PHYSICAL ACTIVITY 

This section on physical activity literature is designed to (i) overview the physical activity 

concept with its definitions and types and (ii) introduce the array of theoretical approaches 

present in physical activity literature including (iii) personal level approaches and (iv) 

environmental approaches to physical activity. Then, focusing on environmental level 

approaches to physical activity, key concepts and relevant studies will be presented. 

Specifically, social ecological paradigm which has been the basis for most of the 

environmental approaches will be introduced in terms of what (v) social ecological paradigm 
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to health promotion and (vi) social ecological paradigm to physical activity are. Then, (vii) 

the literature that has focused on the relationships between the environment and physical 

activity will be reviewed. Physical activity research literature will be supplemented by urban 

design research on pedestrian environments with key concepts and findings.  Finally, (viii) 

findings from the urban planning and design, transportation, and public health research 

literature will be summarized. 

 

2.1.1. Definition and Types of Physical Activity 

Centers for Disease Control and Prevention (CDC) have defined physical activity as any 

bodily movement produced by skeletal muscles that results in an expenditure of energy 

(Carpensen, Powell, and Christensen, 1985). A review of literature reveals two main 

categorization types of physical activity –according to its intensity and according to its type. 

According to the intensity physical activity is categorized into two: moderate-intensity 

physical activity and vigorous-intensity physical activity. Moderate intensity physical activity 

“generally requires sustained movements and refers to a level of effort a healthy individual 

might expend while brisk-walking, lawn mowing, dancing, swimming, or bicycling on level 

terrain” (USDHHS, 1996). The person should feel some exertion but should be able to carry 

on a conversation comfortably during the moderate-intensity physical activity (USDHHS, 

1996). Vigorous-intensity physical activity “generally requires sustained movements and 

refers to a level of effort a healthy individual might expend while jogging, moving the lawn 

with a non-motorized push mower, chopping wood, participating in high-impact aerobic 

dancing, swimming continuous laps or bicycling uphill” (USDHHS, 1996). Vigorous-intensity 

physical activity may be intense enough to represent a substantial challenge for the 

individual and results in a significant increase in heart and breathing rate (USDHHS, 1996). 

  

The Surgeon General1 has recommended that individuals should engage in 30 minutes of 

moderate-intensity physical activity on at least five or more days of the week, or 20 minutes 

vigorous-intensity physical activity three or more days a week in order to improve their 

health and well-being (Healthy People 2010, 2005). Individuals who in a usual week do any 

type of physical activity at least moderate intensity level which lasts at least 10 minutes at a 

time are considered active individuals. For active individuals, the ones who fulfill activity 

recommendations of the Surgeon General are sufficiently active individuals, the ones that 

do not are insufficiently active individuals. Sedentary refers to individuals with little or no 

physical activity.  

                                                 
1 The Surgeon General is “America's chief health educator, giving Americans the best scientific information 
available on how to improve their health and reduce the risk of illness and injury” (Office of the Surgeon General, 
2005).  



 7

Compared to vigorous-intensity physical activity moderate intensity physical activity has 

more substantial health benefits since the former implies more structured activity with 

increased levels of adherence while the latter mostly takes place in everyday life outdoor 

environments. Scientific evidence suggests that if people integrated regular moderate-

intensity physical activity in their lives, substantial health gains could be achieved (USDHHS, 

1996). Accumulation of several short period moderate intensity physical activities (such as 

walking, cycling) during a regular day promises great health benefits (Frank and Engelke, 

2001).  

 

Another classification distinguishes physical activity into two categories according to its 

type: utilitarian physical activity and leisure-time physical activity. Utilitarian physical activity 

refers to physical activity for transport purposes, gained by utilitarian non-motorized trips 

such as walking or cycling in order to reach a destination (USDHHS, 1996). Leisure-time 

physical activity refers to physical activity that is performed during exercise, recreation, or 

any additional time other than that associated with one’s regular job duties, occupation, or 

transportation (USDHHS, 1996).  

 

2.1.2. Theoretical Approaches to Physical Activity 

Research on physical activity concept is centered on public health. A recent literature review 

(King et al., 2002) published in one of the major public health journals demonstrated four 

different groups of studies according to the scale (or level) of analysis of the phenomenon: 

personal-level, micro-environmental, meso-environmental and macro-environmental 

approaches. Figure 2-1 portrays these perspectives in an ordinal scale.  

 

 

Figure 2-1 Different approaches to physical activity (modified from King et al., 2002) 
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2.1.3. Personal-Level Approaches to Physical Activity 

Personal level theories and theoretical perspectives have emphasized the dynamic interplay 

among intrapersonal factors and physical activity behavior (Figure 2-1). These theories have 

focused on cognitive, affective and social influences surrounding the individual and his/her 

choice to be active (King et al., 2002).  

 

Intrapersonal determinants of physical activity relate to biological, psychological and 

behavioral factors of the individuals, such as motivation for physical activity, interest in 

active lifestyle, and health status of the individual, (Giles-Corti and Donovan, 2003; Sallis, 

Bauman, and Pratt, 1998). Immediate interpersonal factors, such as family, friends and 

coworkers influence physical activity behavior of the individuals through social and family 

support (Corti, 1998; Pikora et al., 2002). Gender and socio-economic status of the 

individual, time available for exercise, dog ownership, and club membership have been 

empirically found to be effective in explaining the differences in physical activity behavior of 

the individuals (Corti, 1998). Commonly reported personal barriers for physical activity 

include lack of time, perceived or real physical inability to exercise, a lack of motivation, lack 

of social support for exercise, one’s childcare responsibilities, and a lack of health 

knowledge (Booth et al., 1997; Myers and Roth, 1997; Sallis et al., 1986). This approach 

suggests that physical activity behavior is “choice-driven” and is shaped by intrapersonal 

factors. These studies inform us about the important variables to use in order to 

conceptualize physical activity, however these do not relate explicitly to environmental 

variables under interest.  

 

2.1.4. Environmental Approaches to Physical Activity 

In recent years, with the recognition of the “health-promotive environment” concept 

(Stokols et al., 2003), physical activity research has shifted its focus from solely personal 

level approaches to environmental level approaches. Environmental approaches focus on 

environmental influences on physical activity patterns analyzed at different levels of the 

environment ranging from macro, to meso, to micro scales (Figure 2-1). The micro-

environmental level covers the immediate local conditions within one’s home or workplace. 

The meso-environmental level approach focuses on influences at the neighborhood level. 

The macro-environmental level is related to distal or global features of all communities. 

These approaches emphasize the “choice-enabling” capacity of the physical environment on 

physical activity behavior.  

 

Most studies with environmental approach have followed or generated insights from the 

social-ecological paradigm in health promotion (Stokols, 1992). The next two sections will 
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review the social ecological approaches to health promotion in general and the social 

ecological approaches in physical activity research literature in particular. Studies that 

followed an environmental approach to physical activity will be reviewed and their findings 

will be summarized. 

 

2.1.4.1. Social-Ecological Approaches to Health Promotion 

The traditional approach to community health development is grounded in the reduction in 

risk-associating behavior of individuals (Goodman et al., 1996). Although these reductions 

are desirable outcomes of health interventions, such changes depend on larger level social 

changes or alterations of the social ecology (Stokols, 1992, 2000; Stokols et al., 2003; 

Winett, 1995). Based on this line of thought, disciplines concerned with the health of 

communities such as public health and community psychology have experienced a shift in 

emphasis towards social ecology in recent years (Goodman et al., 1996). 

 

The social ecological perspective acknowledges the importance of the social and cultural 

context in the potential to change individual risk behavior. Interventions based on this 

perspective are directed largely at social factors such as “community norms, structure of 

community services, their comprehensiveness, coordination, and linkages in addition to 

individual motivations and attitudes” (Goodman et al., 1996). Thompson and Kinne (1990) 

state that, “the increasing focus on community in health promotion is due, at least in part, 

to growing recognition that behavior is greatly influenced by the environment in which 

people live. Proponents of community approaches to behavioral change recognize that local 

values, norms, and behavior patterns have a significant effect in shaping an individual’s 

attitudes and behaviors” (Thompson and Kinne, 1990). Therefore, the emphasis is on 

developing a more environmentally explicit version of the ecological approach to health 

promotion (Michelson in Stokols, 1992). 

 

Hence, efforts to establish and maintain healthy communities should address the 

multidimensional and complex nature of human environments, and the dynamic interplay 

between individuals, groups and their socio-physical environments (Lawrence, 2002; 

Stokols, 1992). This suggests that environments can be health-promotive through enabling 

certain behaviors and interactions. Health-promotive environments are conceptualized as 

those that “provide environmental resources and interventions that promote enhanced well-

being among occupants of an area” (Stokols, 1992).   

 

According to Stokols (1992), the social ecological paradigm in health promotion has two 

major assumptions. First, the healthfulness of a situation and the well-being of its 
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participants are assumed to be influenced by multiple facets of both the physical and the 

social environment. Rather than focusing exclusively on environmental, behavioral or 

biological factors, an understanding of the dynamic interplay among diverse personal and 

environmental factors is essential for health promotion efforts (Stokols, 2000; Stokols et al., 

2003). Stokols (1992, 2000) stressed that environments can be described not only as a 

range of independent attributes (such as size, space arrangement etc.), but also in terms of 

composite relationships among several features that can be exemplified by constructs such 

as behavior settings.  

 

The second assumption of the social ecological paradigm stresses the complex nature and 

multi-dimensionality of environments. This assumption suggests that environments not only 

should be described in terms of their physical and social components, but also their actual 

and perceived qualities should be recognized. Therefore, a multi-level and multi-method 

analysis of behavior patterns and environmental qualities is necessary to understand the 

health outcomes resulting from the dynamic transactions between individuals, groups and 

their socio-physical milieu (Stokols, 1992).  

 

2.1.4.2. Social-Ecological Approaches to Physical Activity 

Due to the relevance of the social-ecological paradigm in health promotion, research on 

physical activity is experiencing a shift towards understanding the promotive effects of 

environments on physical activity behavior. With two major assumptions noted earlier, the 

emphasis recently has moved from intrapersonal factors of physical activity behavior to 

multi-level analysis of micro, meso, and macro scale environmental variables that influence 

physical activity behavior of individuals and groups.  

 

However, this line of research is in its infancy (Frank, Engelke, and Schmid, 2003) and little 

is still known about the influences of the meso-environmental variables on physical activity 

behavior of individuals. How the social and physical aspects of neighborhoods affect 

individual physical activity behavior and how they interact with community level attitudes is 

important in order to estimate the degree of health-promotive capacities of designed 

environments.  Based on this socio-ecologic paradigm of health-promotive environments, 

theoretical and empirical studies are being conducted that relate neighborhood built 

environment variables with physical activity.  The literature contains four major groups of 

research studies including correlational studies, longitudinal studies, neighborhood 

comparison studies, and studies that focused on the social dimensions of the issue. 
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The first group studies are from the public health, planning, and transportation fields, and 

are mostly correlational studies. By focusing on perceived or objective measures of the built 

environment, these studies have produced insights about important associations between 

environmental characteristics and physical activity. Evidence demonstrates the effects of 

density, land uses, street connectivity, transportation systems and pedestrian facilities such 

as sidewalks  (Cervero, 1996; Cervero and Kockelman, 1997; Frank and Pivo, 1994; Frank 

and Engelke, 2001). However, these findings are at a conceptual level or have focused on 

larger spatial scales. Detailed data on physical activity has not been matched with detailed 

data on the built environment. Therefore, still little is known about the influences of 

neighborhood specific design characteristics at an urban design scale. 

 

The second group of studies contains longitudinal assessments of how changes in the built 

environment over time influence physical activity. Utilizing “natural” experiments such as 

relocation of individuals from one neighborhood to another (Wells, 2004) or physical 

alterations undertaken in existing neighborhoods (Brownson and Hill, 2004), these studies 

attempt to determine causal influences of the environmental variables on physical activity 

behavior. Pre-test/post-test measures using the same group of individuals conducted over 

an extended period of time are the major strengths of this type of study. However, 

opportunities for such natural experiments do not occur often, and thus, this type of study 

is rare. Also, variability in environmental manipulations is limited and desired associations of 

various environmental characteristics are not possible to study. 

 

The third group of studies contains comparisons between different neighborhood types 

(Ewing, Haliyur, and Page, 1994; Handy, 1996; Handy and Clifton, 2001; Kitamura, Laidet, 

and Mokhtarian, 1997; Moudon et al., 1997; Rodriguez, Khattak, and Evenson, 2006). 

Conventional suburban neighborhoods have been matched with neo-traditional 

neighborhoods with the aim of comparing pedestrian oriented versus car-oriented 

neighborhood designs. Compared to the first group, these studies try to focus on the built 

environment from a smaller scale perspective. However, the labels (such as pedestrian 

oriented versus auto-oriented) are more reliant on intuitive rather than empirical testing of 

the connections between detailed design characteristics of the neighborhoods and physical 

activity behavior (Handy et al., 2002). Systematic analyses of neighborhood design 

characteristics that could provide a detailed empirical base for neighborhood typology has 

not been studied in relation to physical activity.  

 

The social ecological paradigm asserts the importance of examining both physical and social 

dimensions of health-promotive environments and their joint influences (Lawrence, 2002; 
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Stokols, 1992). The social side of the problem has concerned some theoretical and empirical 

research and studies that focused on social aspects of health-promotive environments have 

been conducted.  

 

The fourth group of studies emphasizes the social side of the problem.  Social community 

attributes including social capital, social support, and sense of community have been 

studied (Leyden, 2003; Lund, 2003; Rodriguez, Khattak, and Evenson, 2006) in relation to 

physical activity (mostly walking) and evidence of positive influences between walkable, 

mixed-use neighborhoods and increased social capital has been detected.  Isolated physical 

and social constructs of the built environment may result in a lack of social networks, and 

therefore diminished social capital, which can contribute to obesity and related health 

problems (Frumkin, 2003; Frumkin, Frank, and Jackson, 2004). These latter studies confirm 

the findings of urban design research on the importance of the built environment on social 

interaction in neighborhood public spaces and related outcomes of increased perceived 

safety, sense of community, and livability (Appleyard, 1986; Gutman, 1986; Whyte, 1980). 

 

The next section will review relevant studies, which followed an environmental approach to 

physical activity at the neighborhood scale, with a focus on the methods utilized and their 

findings. The prior evidence on the relations between neighborhood built environment and 

physical activity will be summarized. 

 

2.1.4.3. Prior Evidence: Correlates of Physical Activity 

Research that focused on leisure-time physical activity and the associated environmental 

determinants has been centered within the field of public health. The findings of these 

studies have identified very few consistent findings on the role of the environment on 

leisure-time physical activity among adults.  Still, there is evidence on the role of 

neighborhood amenities on encouraging walking for exercise or recreation. Convenient local 

facilities such as parks, shops, beach, and pleasant areas in the neighborhood are found to 

be a promoting factor for leisure-time physical activity (Ball et al., 2001). However, few 

studies concluded that neighborhood design is not related to leisure-time physical activity 

when individual- and household-level variables are controlled for (Rodriguez, Khattak, and 

Evenson, 2006; Saelens, 2003).  

 

Conversely, research that focused on utilitarian physical activity, including walking and 

cycling behavior, mainly come from the fields of urban planning and transportation and 

demonstrate more consistent findings on the role of certain environmental factors. 

Utilitarian physical activity and leisure-time physical activity have been mostly studied in 
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isolation from one another.  Still, there are few studies, from urban planning and design, 

that have combined the two and studied them in relation to the physical environment 

(Handy, 1996; Rodriguez, Khattak, and Evenson, 2006). This latter group has documented 

mixed findings on the role of the built environment on physical activity. 

 

A recent literature review (Saelens, Sallis, and Frank, 2003) published in one of the major 

public health journals, has combined these findings from urban planning, urban design, and 

transportation literatures, and comprehensively examined environmental factors associated 

with physical activity, mostly walking and cycling. Three main dimensions of the 

environment including density, connectivity, and land use mix, similar to what Cervero 

(1996) has suggested before, were highlighted in this review. Saelens et al. (2003) stressed 

that “environmental variables appear to add a variance accounted for beyond socio-

demographic predictors of walking/cycling for transport”. The authors recommend a multi-

disciplinary approach combining the findings of public health, urban planning and design, 

and transportation fields in understanding environmental contributions to physical activity 

levels in society.  

 

Cervero (1996), using the regional data from the 1985 American Housing Survey, has 

examined the effects of mixed-use levels and residential densities on three measures of 

transportation demand -commuting mode choice, commuting distance and household 

vehicle ownership. Cervero’s findings suggest that overall residential densities exerted a 

stronger influence on commuting mode choices than levels of land-use mixture, except for 

walking and cycling. For non-motorized travel the presence or absence of neighborhood 

shops is a better predictor of mode choice than residential densities. Also, the results have 

shown that the relative proximity of mixed-use development is significant, suggesting that 

in distances within 300 feet mixed-uses encourage workers to walk, commute by transit or 

bicycle (Cervero, 1996). Even though this study’s focus was on the regional scale, its 

findings emphasize certain variables that could be influential in utilitarian physical activity. 

 

Another study, conducted by Cervero and Kockelman (1997), despite using regional level 

data from the San Francisco Bay Area, focused on micro-environmental features as well. 

Streetscape design features were analyzed in combination to land use mix and density. This 

study suggested that density, diversity, and design were three key dimensions of the built 

environment that determine the physical activity behavior related to travel.  

 

Other studies have focused on neighborhood-based analysis. Neo-traditional neighborhood 

types, as examples of pedestrian-oriented design, have been matched with late-modern 
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neighborhoods as examples of more conventional auto-dependent design (Handy, 1996). 

These studies have found that residents of “traditional” neighborhoods walked to the store 

more frequently than did those in “late modern” neighborhoods; however, there was less 

variance in the number of strolls around the neighborhood - trips without a destination 

(Handy, 1996; Handy and Clifton, 2001).  

 

The bulk of these neighborhood comparison studies attempted to select neighborhoods that 

meet certain urban form criteria (such as high density, high street connectivity) and only 

few attempted to control explicitly additional urban form variables (Saelens, 2003). For 

example, Moudon et al. (1997) selected and paired 12 commercial neighborhoods in Puget 

Sound area based on several control variables. In order to isolate the effect of street 

network and the safety of pedestrian facilities on pedestrian travel, they controlled for 

density, mixture of uses and regional location (Moudon et al., 1997). All 12 neighborhoods 

with medium density residential development contained medium sized commercial centers. 

Whereas half were characterized with disconnected street networks and pedestrian 

facilities, the other half had grid networks and higher quality pedestrian facilities such as 

more direct routes and continuous sidewalks. The findings of this study suggested that 

neighborhoods with greater connectivity and better facilities generate higher pedestrian 

traffic volumes than those with poorer quality pedestrian facilities and lower levels of 

connectivity (Moudon et al., 1997). 

 

Other studies, while still focusing on neighborhood-based comparisons, have attempted to 

combine both demographic explainers as well as environmental variables to identify the 

relative influences on utilitarian physical activity. Greenwald and Boarnet (2000), using the 

former travel diary data from Portland, Oregon, have examined the relationship between 

land-use and pedestrian travel behavior for activities other than employment. Their study 

addressed the goals of neo-traditional development and transit-oriented development and 

tested hypotheses of travel mode substitution in different urban settings. Using both 

demographic factors (gender, socioeconomic status, etc.) as well as land-use variables, they 

attempted to build different models that identified which variables are more determinative 

in explaining the variability in non-work walking trips. Their findings suggest that the effects 

of density on trip making related to walking is highly localized (Greenwald and Boarnet, 

2000). These conclusions contrast with the previous findings suggesting the importance of 

regional-level land-use effects. Distance, land-use, and street networks, among other urban 

form variables, were found to positively affect non-work walk activities. 
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Similarly, Kitamura et al. (1997) studied the effects of land-use and attitudinal 

characteristics on travel behavior in five diverse San Francisco Bay Area neighborhoods. 

Using demographic, socio-economic, attitudinal, and travel behavior data collected though 

mail surveys of households, this study combined micro-scale land-use, street network and 

public transit information. The five cases with similar median household income, however, 

presented extreme values in terms of population density and land-use mixtures. They have 

made both general observation of neighborhood characteristics; and micro-scale analysis of 

site features in terms of street characteristics, public transit service, location and types of 

commercial establishments, parks and other public facilities. Using individuals as the unit of 

analysis, the results suggested that attitudinal factors accounted for more variability than 

did environmental descriptors. Among environmental descriptors, land-use characteristics 

explained some of the variation in mobility however still less than attitudes. Kitamura et al. 

(1997) also concluded that land-use policies offering higher densities and mixtures may not 

alter travel demand unless residents’ attitudes are also changed. 

 

Frank et al. (2005) studied physical activity of individuals in relation to the urban form 

surrounding subjects’ residences in Atlanta, GA region. The study objectively measured 

urban form using residential density, street connectivity and land-use mix variables, and 

investigated its associations to objectively measured physical activity using accelerometers. 

The findings of this study indicated that increased levels of street connectivity, density, and 

land-use mix were associated with increased moderate-level physical activity, mostly 

walking (Frank et al., 2005).   

 

In a recent study, Rodriguez, Khattak, and Evenson (2006) explored the associations 

between neighborhood physical environment, physical activity, and neighborhood social 

cohesion. Using travel diaries and a questionnaire instrument, they collected data in two 

spatially distinct neighborhoods (one conventional suburban, one neo-traditional) on 

physical activity, social cohesion, and individual-level variables. Different from previous 

studies’ findings, Rodriguez, Khattak, and Evenson (2006) found that overall physical 

activity levels of residents were parallel in both neighborhoods. However, neo-traditional 

neighborhood residents were more active within their neighborhood compared to 

conventional suburban neighborhood residents. The difference was due to increased 

utilitarian physical activity in the neo-traditional neighborhood as distinct from walking for 

leisure (Rodriguez, Khattak, and Evenson, 2006). The researchers concluded that individuals 

do not increase their overall activity levels other than where they engage in physical activity 

in relation to neighborhood design. 
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Overall, findings from urban planning, transportation, and public health research literature 

have indicated that environmental variables are associated with moderate-level physical 

activity at the neighborhood scale. Even though few findings indicate mixed results, certain 

attributes of the neighborhood built environment is found to be influential in utilitarian 

physical activity, particularly walking. Utilitarian walking and cycling trips “tend to increase 

in the presence of mixed used of land, improved street connectivity, and higher 

employment and population density at the origin and destination” (Rodriguez and Joo, 

2004). Taken as a whole, these findings provide us with theoretical and empirical basis of 

how neighborhood environment may influence individual physical activity levels. Possible 

significant variables have been identified. However, there has been no focus on detailed 

attributes of the physical environment including meso- and micro-level environment design 

attributes.  

 

Pedestrian behavior has been the subject of numerous studies from the field of urban 

design over the past three decades. Even though these studies did not focus on physical 

activity in particular, they have empirically studied pedestrian activities and use of street 

space and plazas at the urban scale (Appleyard, 1986; Appleyard and Lintell, 1972; Owens, 

1993; Rapoport, 1987; Whyte, 1980).  These studies have comprehensively examined the 

relations between the design of neighborhood outdoor spaces and pedestrian life.  

 

One of the most seminal works on the subject is Appleyard and Lintell’s (1972) “Livable 

Streets”, where they found the importance of street design and neighborhood amenities on 

neighboring and interaction among residents, and use of outdoor space, especially 

children’s play. Amenities are neighborhood resources open to residents’ use. Seeing the 

street space as the most important amenity of the neighborhood, Appleyard (1980), giving 

evidence from three different neighborhoods with different compositions of street life, 

suggested that streets should be designed to provide residents places for social and 

behavioral contact. In order to create livable communities, Appleyard (1986) suggested 

inclusion of private and public open spaces in the neighborhood such as parks, playgrounds, 

and community gardens; the creation of street spaces for pedestrian activity including 

children’s play, sitting out, socializing; and the addition of micro-level street space elements 

including sidewalks, vegetation, shade, and street furniture. Similarly, pedestrian access to 

these neighborhood amenities, that is, the ability of the pedestrian to use these 

neighborhood and street spaces, was found crucial in creating livable streets and 

neighborhoods (Appleyard, 1980).  
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Lynch (1981), also pointed to the importance of neighborhood amenities in community life. 

He defined neighborhood amenities as commercial and service functions, which are mostly 

located in the neighborhood center or nearby, typically used by residents on a daily basis. 

Lynch (1981) also emphasized that school, post office, small shops, café, bar, or casual 

gathering place, church and similar places were among vital neighborhood amenities which 

maintain pedestrian activity, neighborly social interaction and sense of community (Lynch, 

1981). 

 

Whyte (1980), in his study of small-scale urban environments, found the importance of 

meso and micro- scale environmental attributes on pedestrian use of space. Similarly, 

Rapoport (1987) observed pedestrian use of street spaces and found that environmental 

variables, especially at meso- and micro- scales, were influential in use of space.  Rapoport 

(1987) concluded that environments that did not provide affordances (Gibson, 1979) 

inhibited certain types of pedestrian behavior. Affordances are defined as perceivable 

possibilities for action (Gibson, 1979). In this respect, certain attributes of environments 

induce certain perceptions for different actions and give possibilities for different activities 

(Gibson, 1979).  

 

Taken as a whole, urban design research literature on pedestrian environments provides 

the theoretical and empirical basis of how various meso- and micro-scale environmental 

variables may affect physical activity behavior. Methods utilized in this body of literature 

(Appleyard, 1986; Lynch, 1960; Whyte, 1980) may be useful in understanding urban design 

influences of the neighborhood environment on physical activity.  

 

2.1.5. Summary: The Literature on Physical Activity 

Reviewing the literature on physical activity has revealed seven major points: 

1. Individual level variables have associations with physical activity behavior.  Findings 

indicate to the influences of age, gender, having child(ren) or not, club 

membership, and dog ownership on individuals’ physical activity levels. 

2. Environmental variables have associations with physical activity behavior. Even 

though the strength of the relationship varies within the physical activity literature, 

findings indicate influences of density, land-uses, and connectivity at the 

neighborhood level.  

3. The relationship between the environmental variables and leisure-time physical 

activity is not clearly known. There are few studies indicating associations between 

leisure-time physical activity and neighborhood environment, while there are others 

that could not detect any associations.  
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4. The relationship between environmental variables and utilitarian physical activity is 

more consistent in the literature. Presence of mixed-uses and pedestrian 

accessibility to these destinations (street connectivity) has been found to be 

associated with increased utilitarian physical activity, mostly walking. 

5. There is lack of evidence on how detailed design attributes of neighborhoods relate 

to physical activity of individuals. There is a gap in the literature where meso-scale 

and micro-scale environmental elements that relate to the design of the 

neighborhood should be bridged.  

6. The literature on pedestrian environments in the field of urban design provide us 

with useful theoretical approaches and methods that can be applied to physical 

activity research, especially in regard to the understanding of meso- and micro-level 

design attributes influence on physical activity.  

7. Neighborhood amenities and layout are two key variables crucial to the 

identification of neighborhood site design, as both have influences on pedestrian life 

within the neighborhood. 

 

Based on these points, this study will use two major meso-scale environmental variables, 

commonly used to define neighborhood design and have been found in the literature to be 

associated with physical activity: neighborhood amenities and neighborhood site layout.  

Using neighborhoods with different combinations of these two variables, the way in which 

meso- and micro-level design features influence physical activity will be studied. The 

relations between neighborhood amenities and neighborhood site layout will be examined 

with micro-scale design features taken into consideration. The way in which streets are 

located in relation to each other, how neighborhood public spaces are located within the 

neighborhood, and how these two relate to each other, will be studied to understand 

specific urban design influences. In doing so, urban design research methods on pedestrian 

environments as well as methods used in the physical activity research literature will be 

utilized.  

 

Because physical activity research indicated associations at both personal- and 

environmental-level, in order to understand the influences of neighborhood environment on 

physical activity, certain individual-level variables such as age, gender, having children or 

not, and dog ownership will be collected and studied in relation to physical activity.  
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2.2. SOCIAL INTERACTION 

This section on social interaction literature is structured to overview (i) social theories on 

neighborhood level interaction and how these relate to the neighborhood built environment. 

In doing so, two major theories that pertain to neighborhood social life are introduced. First 

(ii) the theory of incivilities which exemplifies how neighborhood built environment may 

affect neighborhood social life and changes in how neighborhood social life may in turn 

influence use of space will be introduced. Second (iii) the literature that explored social 

aspects of community life will be reviewed under the umbrella term “sense of community”. 

As a part of this section, (iv) theories and empirical studies on neighborhood level 

interaction will be presented with their findings. Finally, (v) the literature on these social 

theories will be summarized and recommendations as to how these can be utilized in 

exploring physical activity will be exposed. 

 

2.2.1. Social Theories on Neighborhood-Level Interaction 

Previous research findings from urban planning and design, and community and 

environmental psychology provide us both theoretical and empirical bases for understanding 

environment-society relationships (Appleyard, 1986; Barker, 1968; Hall, 1966; Rapoport, 

1982; Taylor, 1997; Whyte, 1980). These studies developed several theories that relate 

physical environmental resources and social aspects to individual or group behavior. 

 

2.2.1.1. Theory of Incivilities 

Barker’s (1968) behavior settings theory provides conceptual mechanisms for describing 

how environmental characteristics influence behavior and psychological well-being. With its 

strong empirical base, this theory forms a valid foundation for other social theories in the 

explanation of the relationship between individuals and their social environment at 

neighborhood scale.  

 

Perkins and Taylor (1996), combined behavior settings theory (Barker, 1968; Wicker, 1979, 

1987) with another well-established theory in environmental psychology, the theory of 

“human territoriality” (Altman, 1975; Taylor, 1978) and studied the role of physical and 

social aspects of environment both as a factor contributing to “disorder” (i.e. crime, 

delinquency and fear of crime) and as a feature influenced by these factors (Perkins and 

Taylor, 1996; Taylor, 1987, 1997). Community disorder is a broad and vague concept that 

refers to the disruptions in social and physical conditions and events of a locale (Perkins and 

Taylor, 1996).  Taylor (1997) has suggested that “street blocks” in residential environments 

can be treated as “behavior settings” with clear boundaries and a recurring pattern of 

activities. Following Rapoport’s (1982) argument that the physical environment carries “non-
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verbal messages”, Taylor (1997) suggested that elements in the physical environment, such 

as territorial markers (garden, yard decoration, other personalizations, crime prevention 

signs, etc.) or traces from territorial behavior, can communicate information to users, and 

regulate resident-to-resident attitudes and interactions. When these messages are shared 

by most residents, then these messages become norms (Rapoport, 1982) . When signs are 

disobeyed and neglected, territorial control will decline, and the behavior setting program 

will be disrupted (Perkins and Taylor 1996).  

 

The theory of incivilities (Perkins and Taylor, 1996; Wilson and Kelling, 1982) suggest that if 

“disorder” signs, or “incivilities”, in the neighborhood are not taken care of promptly, 

territorial functioning deteriorates, residents’ perceived safety levels decrease, avoidance of 

behaviors increase, and informal social controls weaken, which in turn results in increased 

“incivilities”. This loop effect between the socio-physical aspects of the neighborhood 

environment and community disorder may also influence actual crime levels in the area. 

This broader theory of incivilities has, for some years, strongly influenced policy changes in 

community policing and community crime prevention (Robinson et al., 2003; Taylor, 1987).  

 

A study of 63 street blocks in Baltimore (Perkins and Taylor, 1996) found that physical 

factors and the social climate that support territorial functioning are linked to reductions in 

crime levels and fear of crime. The results of this study showed that blocks with more 

extensive symbolic and real territorial markers and blocks with strong resident-to-resident 

interaction had less street crime and less fear (Taylor, 1987). Newman’s study has found 

similar results, which suggests that design features encouraging informal outdoor socializing 

and control over adjoining outdoor spaces are associated with less fear and crime 

(Newman, 1972).  

 

Wilson and Kelling (1982) have suggested that increased incivilities resulted in behavioral 

withdrawal on the part of residents and reluctance to get involved in community resources. 

At the neighborhood level, several studies suggested that links between design and disorder 

were indirect and dependent on other contextual factors. Therefore, physical factors alone 

are not sufficient to guarantee “order”, but if coupled with other social dynamics they can 

become effective (Perkins, Taylor 1996).  

 

Potential social dimensions relevant to perception of disorder and fear of crime are place 

attachment and social ties. In a study of 66 Baltimore neighborhoods Taylor (1997) found 

that fear was lower in neighborhoods where attachment to locale was stronger. The study 

concluded that such social dynamics can lower fear levels, where the residents are expected 
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to participate in community activities, use community resources as well as try to maintain 

active behavior program in the neighborhood as a behavior setting.  

 

2.2.1.2. Sense of Community 

Social science fields have asserted that the “main problem with modern society is identified 

merely with a sense of isolation and anomie” (Sarason, 1974).  This has been largely linked 

to changes in both physical and social environment. The supporters of this assertion argue  

that attempts to eliminate the ills of urbanism have resulted in suburban sprawl, which has 

resulted in a “loss in sense of community” (Duany and Plater-Zyberk, 1992). Whereas  

”sense of community” has been a popular construct in various fields ranging across social 

psychology, urban sociology, and urban planning and design, the definition and 

measurement of the concept varies across and even within disciplines. In this respect, 

“sense of community” can be considered as an umbrella term separated out in literature, 

which connotes social dimensions of the civic realm (Talen, 1999) 

 

In the field of community psychology, the concept of sense of community, often referred to 

as psychological sense of community, attempts to capture an individual’s sense of identity 

and belonging to a group, and interaction with others in that group (Brodsky, O'Campo, and 

Aronson, 1999). It is defined as “a feeling that members have of belonging, a feeling that 

members matter to one another and to the group, and a shared faith that members’ needs 

will be met through their commitment to be together” (McMillan and Chavis, 1986). Hill 

(1996) reviewed thirty published studies, which directly measure the construct and found 

that even though there were common methodological and theoretical conventions in the 

literature, the findings are quite varied.  

 

A commonly accepted theoretical discussion of psychological sense of community (Chavis 

and McMillan, 1986) is the most cited work in literature (Hill, 1996). Chavis and McMillan 

(1986) hypothesized that psychological sense of community is composed of four elements: 

membership, influence, integration and fulfillment of needs, and shared emotional 

connection. Chavis and McMillan (1986) used these four elements to create a “sense of 

community index” to measure the construct empirically. In a study developed as a part of a 

larger survey, the researchers used this index to identify the correlations of individuals’ 

responses to sense of community to the four proposed dimensions. Even though a 

moderate correlation was detected, they found that the index was missing important 

components of individual’s feelings of community (Chavis and Pretty, 1999). These results 

suggest that sense of community is a multi-dimensional construct (Hill, 1996). 
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Following the multi-dimensionality of the construct, Kingston et al. (1999) sought to 

understand whether sense of community can be identified at the neighborhood level. Using 

a multi-level analysis technique (Kenny, Kashy, and Bolger, 1998), they found significant 

similarities of individuals’ neighborhood related attitudes (perception of neighborhood 

climate etc.), even after the individual level differences such as income and education were 

removed. However, the same significance could not be detected for neighborhood level 

behaviors (neighboring, etc.). 

 

On the other hand, the theoretical literature on sense of community in the planning and 

design fields has followed a sociological tradition that asserts that sense of community is 

vital to human functioning and human well-being (Brower, 1996; Talen, 1999). The main 

focus of this line of research has been the relationship between the built environment, the 

social life in the neighborhood, and urban scale. The idea that physical factors can act as a 

“mechanism” to promote resident interaction has been seen as substantial. These studies 

constitute a verification of the process by which design criteria work to influence social 

behavior. The focus of such studies has been more on social interaction related to its 

various affective dimensions. 

 

2.2.1.3. Prior Evidence: Correlates of Sense of Community 

Empirical studies that sought to identify correlates of sense of community widely come from 

community psychology. These studies have mostly focused on individual level correlates of 

this construct. A few studies (Kingston et al., 1999; Plas and Lewis, 1996) have explicitly 

tried to identify the links between environmental level variables and sense of community. In 

other fields, especially urban planning and design, relationships between environment and 

sense of community have received more attention; but they have yet to be empirically 

studied with the concept’s various dimensions. 

 

Studies focused on individual level correlates have obtained inconsistent results. However, 

some correlates have been suggested that identify a strong sense of community. For each 

of the suggested correlates, “there is at least one study in which the relationship did not 

hold true” (Hill, 1996). Suggested positive individual-level correlates include years spent in a 

community, income, age, education, race, gender, home ownership, presence of children at 

home, number of neighbors known by name, and additional years to live in the 

neighborhood  (Buckner, 1988; Davidson and Cotter, 1993; Glynn, 1981; Riger and 

Lavrakas, 1981; Robinson, and Wilkinson, 1995; in Hill 1996). 
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Chavis and Newbrough (1985), among others, have found that a positive sense of 

community is associated with both positive individual level and community level outcomes. 

Since psychological sense of community is conceptualized to capture the relationships that 

individuals perceive between themselves and a social setting, an individual’s psychological 

sense of community is likely to be influenced by characteristics of the individual as well as 

characteristics of the social setting or context as studied by (Brodsky, O'Campo, and 

Aronson, 1999). Brodsky et al. (1999) suggest that attempts to explain individual 

psychological sense of community may be best approached by examining the simultaneous 

association of “individual” and “setting level” factors (Chavis and Newbrough, 1985).  

 

Evidence of links between environmental variables and sense of community is relatively 

scarce in literature. Few studies have sought explicit empirical links between socio-physical 

environmental variables and sense of community. Utilizing a qualitative strategy, Plas and 

Lewis (1996) studied the sense of community construct by interviewing the residents of a 

new-urbanist neighborhood in Seaside, Florida. Using four dimensions of sense of 

community (membership, need fulfillment, shared emotional connections, and loyalty) they 

concluded that the town planning and design features were related to sense of community, 

though not in a casual way. Study by Kim (2001) testing similar links sought to understand 

differences in sense of community between two neighborhood types: a conventional 

suburban and a neo-traditional neighborhood. The study described how physical design 

features related to sense of community in the two neighborhoods. Kim’s (2001) findings 

indicated that differences in the physical design features of the two neighborhoods 

contributed to differences in residents’ perceptions of sense of community. 

 

Doolittle and McDonald (1978, in Talen 1999) proposed the “contact” hypothesis suggesting 

that the “sense of community is a function of the quantity of social contact”. This 

hypothesis has gained support in community building approaches via promotion of 

neighborhood-level interactions (Talen, 1999). Based on this perspective, a body of 

literature has focused on the links between the neighborhood physical environment and 

social interaction level of its residents. This group of studies contains empirical evidence of 

specific environmental factors that are associated with increased social interaction and 

neighboring behavior among residents. However, no explicit links have been made to the 

comprehensive dimensions of sense of community. 

 

In the micro-environmental scale, architectural design features have been found to have 

effects on resident interaction. In a well-known study of Boston’s West End, Gans (1962) 

found that micro-scale design features of buildings including placement of windows and 
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doors are a factor in resident interaction (Talen, 1999). Similarly, Michelson (1970, 1977 in 

Talen, 1999) has found that the spatial proximity of doors determined resident interaction 

patterns.  Similarly, presence of semi-public areas, particularly front porches, were linked to 

increased unplanned encounters among neighbors and increased social interaction (Abu-

Gazzeh, 1999). Front yard features, including territorial markers were also found effective in 

determining social interaction levels within the neighborhood (Al-Homoud and Tassinary, 

2004). Increased social interaction was observed in the presence of private yet 

approachable spaces providing a range of activities including talking, sitting, standing, 

visiting (Al-Homoud and Tassinary, 2004).  

 

At the neighborhood scale, similar effects of the physical environment have been detected. 

Fleming et al.  (1985) studied neighborhood common areas and found that shared features 

at the neighborhood scale formed opportunities for social contact (Fleming, Baum, and 

Singer, 1985).  Yancey (1971, in Talen 1999), giving examples from Pruitt-Igoe, provided 

the evidence of how the design of public housing affected the formation of social 

relationships. Similarly, Amick and Kviz (1975) studied other public housing areas and found 

that social interaction was greatly improved in public housing areas consisting of low-rise 

buildings as opposed to high-rise buildings with low site coverage (Talen, 1999).  

 

Other than direct influences of design on social interaction patterns, indirect influences were 

also studied. Studies linked several factors found to be outcomes of the design of the 

environment (perceived safety, etc.) to social interaction patterns. For example, “increased 

neighboring was related to perceived safety (Newman, 1972), greater utilization of public 

space (Levine, 1986), and greater use of local facilities for shopping (Riger and Lvrakas, 

1981)” (in Talen, 1999). 

 

While the studies discussed above suggest the direct or indirect effects of environmental 

factors on sense of community through increased levels of resident interactions, these 

theories have been criticized for overlooking the comprehensiveness of sense of community. 

Opposed to the idea that community is “lost”, this approach argues that community is 

“liberated” via its local space and sustains over a complex network of social relations (Talen, 

1999). This view suggests that social relationships occur as a result of homogeneity and 

like-mindedness and are not necessarily bounded to a spatial neighborhood concept.  The 

supporters of this view suggest that even when the social interaction patterns are 

investigated in the same locale, “residents’ social interaction patterns are  more a factor of  

homogeneity” (Talen, 1999) reflecting variables such as “gender, socioeconomic status, 

age” (Campbell and Lee, 1992) than the locale itself. This view emphasizes non-spatial 
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factors in building social relationships and the related non-place sense of community,  which 

give support to the “individual level correlates of sense of community” (Hill, 1996). 

 

2.2.2. Summary: The Literature on Social Interaction 

Reviewing the literature on neighborhood level social interaction, including the theory of 

incivilities and sense of community literature, has revealed six important points. 

 

Theory of Incivilities: 

1. Neighborhoods can be treated as a series of behavior settings where there is a 

behavior setting program that defines the activity patterns of individuals.  

2. There is a cyclic link between neighborhood physical and social environment. The 

physical environment influences human perceptions and encounters which 

influences human activity patterns. Therefore, neighborhood social environment, 

identified by residents’ interaction patterns and their use of the neighborhood 

space, is in fact influenced by the physical neighborhood space. 

3. The built environment has strong impact on human perceptions including fear of 

crime and perceived safety. Perceived safety is of particular importance to use of 

neighborhood public spaces.  

 

Based on these points, the design of the neighborhood physical environment has close 

associations with social life of the residents and use of neighborhood public spaces. 

Similarly, neighborhood social environment influences residents’ perception of safety, and 

thus, use of community resources. In this respect, in order to truly understand community 

activity patterns (including physical activity), studying both neighborhood physical and 

social environment in relation to physical activity is necessary.   

 

Not only objective, but also subjective factors related to the neighborhood environment are 

important in determining the residents’ activity patterns. Therefore, perceived neighborhood 

physical and social environment should be considered in understanding individual and group 

behavior.  

 

Sense of Community: 

4. Sense of community is correlated to both individual level and environmental level 

variables. However, previous research has not produced consistent findings about 

which indicators pertain to individual level variables, and which to community level 

features.  
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5. There is no existing empirical evidence of a direct link between the physical 

attributes of the neighborhood and sense of community construct with its 

comprehensive meaning. Even though there are two studies suggesting links 

between the physical environment and sense of community, these studies did not 

study the concept with its comprehensive meaning including all the dimensions 

suggested in the literature.  

6. The physical attributes of the environment can contribute to increased levels of 

social interaction among residents, which is only one aspect of sense of community. 

Such studies have not examined sense of community with its affective dimensions.  

  

Based on these points, in order to understand the relationship between the neighborhood 

physical environment and physical activity behavior, “sense of community” construct may 

be useful to a certain degree. Following the approach that sense of community is a multi-

dimensional, multi-level construct, environmental variables alone have limited potential to 

create sense of community.  However, it should be noted that, in the neighborhood scale, 

there is evidence linking the built environment with human behavior and interaction. How 

neighborhoods are designed physically has direct and indirect effects on the social life of its 

residents in terms of use of space and human encounters. In this respect, to understand in 

the associations between neighborhood design and physical activity, rather than sense of 

community, social interaction, which is only one dimension of sense of community, may be 

more useful and valid.  Compared to sense of community, social interaction has stronger 

empirical support and the nature of the relationship can be framed more precisely. 

 

Summary: 

Physical neighborhood design characteristics are expected to have impacts on how “lively”  

(Appleyard, 1986) neighborhood spaces are in terms of intensity of use of both street space 

and neighborhood amenities. Similarly, neighborhood built environment design can also 

provide potential for social encounters and interaction among residents in two ways. First, 

by offering neighborhood amenities, neighborhood design can create public areas for 

community use. Second, the layout of the neighborhood itself can increase not only 

connections to these amenities, and thus support social interaction, but also it can increase 

encounters on the street by encouraging different outdoor activities.   

 

The liveliness of neighborhood spaces might have some other outcomes that pertain to 

physical activity. Neighborhood spaces, when thought of as a series of behavior settings, 

have various behavior programs where residents are involved in different activities in daily 

routine. Increase in use of the neighborhood outdoor environment by residents may 
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support the behavior setting programs, increase perceived social order, and therefore 

increase perceived safety levels of residents. Increased perceived safety levels will in turn 

contribute to the use of neighborhood outdoor space and amenities. Perceived safety has 

been considered as one of the important preconditions for outdoor physical activity. 

Perceived safety also has direct effects on the use of the outdoor environment for activities 

other than physical activity. In this respect, social interaction patterns that take place in 

neighborhood outdoor spaces will have both direct and indirect impacts on physical activity 

patterns.  

 

Depending on these, other than physical activity, social interaction within the neighborhood 

will be included in the conceptual framework of this study as a second independent variable 

and will be studied in relation to neighborhood physical environment. Neighborhood 

physical and social environments will be studied both objectively and subjectively. For this 

purpose, residents’ perceptions of safety, neighborhood social interaction levels, and 

evaluations of neighborhood physical environment will be investigated in relation to physical 

activity.  

 

2.3. NEIGHBORHOOD BUILT ENVIRONMENT 

This section is structured to overview different (i) conceptualizations of the built 

environment found in the literature. Three major conceptualizations of the built 

environment (ii) activity-based conceptualization, (iii) content-based conceptualization, and 

(iv) configuration-based conceptualization of the built environment will be introduced with 

their underlying assumptions. Examples from studies that utilized each perspective at the 

neighborhood level will be presented. Finally, (v) the literature on neighborhood built 

environment and it relates to this study will be summarized. 

 

2.3.1. Conceptualization of the Built Environment 

Previous research from urban planning and design, community and environmental 

psychology provides both theoretical and empirical bases for understanding environment-

behavior relationships. These studies have focused on the influence of “space” and spatial 

variables on human behavior, use of space, and human encounters in various settings 

(residential environments, workplaces, hospitals, neighborhoods etc.). They reveal that the 

built environment, space, and spatial variables affect human behavior, human encounters, 

and use of space (Appleyard, 1986; Hall, 1966; Rapoport, 1982, 1987; Whyte, 1980). 

 

Studies to date have conceptualized the built environment, space, and spatial variables in 

various ways. How the built environment is conceptualized directly and indirectly affects 
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understanding of the relations between physical environment and human behavior. Previous 

research can be grouped into three categories according to how the built environment is 

conceptualized: activity-based conceptualization, content-based conceptualization, and 

configuration-based conceptualization. 

 

2.3.2. Activity-Based Conceptualization of the Built Environment 

In the field of ecological psychology, Barker (1968) and Wicker (1979, 1987) among others 

observed the activity patterns of individuals in various behavior settings at building and 

urban scales. Behavior settings are defined as geographical locations (i) bounded by time 

and place (ii) characterized by regular recurring activity patterns, in which (iii) there is a 

coordination between member behavior and the physical surrounding (Barker, 1968). 

Barker and colleagues have found that the activity patterns of individuals were more similar 

to each other for each “behavior setting”, than activity patterns of the same individuals 

across different behavior settings. “Activity” describes a variety of acts grouped together 

under a more generic category. Activity has duration, a position in time, a place in the 

sequence of events, and a fixed location or path in space. “Activity patterns” refer to a 

tendency for people in a given population to behave in a similar way (Chapin, 1974).  

 

Following Barker’s behavior setting theory, Rapoport (1987) observed pedestrian use of 

streets in various contexts and found differences in both dynamic (walking, cycling etc.) and 

static (gardening, porch-sitting, socializing, etc.) activity patterns. He argued that activity in 

any given setting is primarily culturally based, in that it is the result of unwritten rules, 

customs, traditions, and prevailing lifestyles and definition of activities appropriate to that 

setting (Rapoport, 1982). Even though the use of space changes as culture changes, within 

the same culture differences still occur in human use of a given setting. Rapoport (1982, 

1987, 2000) has suggested that these differences observed within the same culture relate 

to the differences in physical and perceptual characteristics of the built environment. The 

built environment gives cues to people about what behavior is expected from them through 

“non-verbal communication” (Rapoport, 1982). The conclusion is that environments, while 

never determining positively (they cannot generate behavior), can be so inhibiting as to 

effectively block behavior (e.g. pedestrian use of space), and thus can be negatively 

determining (Rapoport, 1987). Rapoport (1982, 1987, 2000) has shown that the built 

environment in any given setting can be supportive or become a catalyst for human 

behavior and interaction depending on the cultural context.  

 

The neighborhood built environment can be seen as a series of behavior settings. This 

suggests that the neighborhood built environment can support various activity patterns 
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including physical activity. This point of view emphasizes that not only duration and 

frequency of physical activity but also relations to other activity patterns within the same 

locale need consideration. Even though such an approach provides the basis for 

understanding the influence of the neighborhood built environment on human activity 

patterns and encounters, influential features of the built environment are not clearly 

defined.  

 

2.3.3. Content-Based Conceptualization of the Built Environment 

In order to gain such an understanding, urban planning and transportation studies have 

utilized content-based descriptors of the built environment and studied how physical 

features of the built environment relate to human behavior patterns. Different categories of 

land-use and density have been widely used to objectively conceptualize the neighborhood 

built environment (Cervero and Kockelman, 1997; Churchman, 1999). 

 

Cervero and Kockelman (1997) have defined “the built environment” as physical features of 

the urban landscape that collectively determine the public realm in a range from micro- to 

meso- to macro- levels. They have claimed that, regardless of scale, all features of the built 

environment incorporate some elements or combinations of “density”, “diversity”, and 

“design” (Cervero and Kockelman, 1997). 

 

Density, in its broad sense, is the quantity of “social unit” per unit space (Churchman, 

1999). Since it has been the most readily accessible urban form variable to operationalize, 

density has been one of the commonly used descriptors of the built environment. Even 

though the definition and the measurement of the concept vary across disciplines, density 

generally refers to a neutral or objective unit of analysis (Churchman, 1999). Many variants 

exist such as population density, housing density, gross residential density, net residential 

density, dynamic density, etc. Each term refers to the physical condition of a limited space 

without behavioral connotations. Compared to the other two dimensions of the built 

environment (diversity and design), density has been more extensively studied in its 

relationship to travel behavior. However, recently, diversity and design dimensions have 

begun to be used to help understand relations between the built environment and physical 

activity for transportation. 

 

Diversity refers to the “variety” or “heterogeneity” in a locale. Usually operationalized as 

land-use mix, it refers to both the variety of non-residential functions (such as shops, 

employment, parks, school etc.) and the variety of residential unit-types (such as single-
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family houses, multi-family unit apartments, condos etc.).  Diversity also refers to 

demographic variety of residents (age, race, ethnicity, etc.). 

 

Design, however, is relatively harder to disentangle or operationalize compared to the 

previously mentioned two dimensions. Both the scale and the context of the environment of 

interest are related to the design dimension of the built environment, which makes it harder 

to unravel. However, some definitions are available in the literature that consider design as 

provisions in the streetscape (such as leveling or shading elements) or the larger street 

network of the area (grid-iron streets, cul-de sacs etc.) (Cervero and Kockelman, 1997; 

Southworth and Joseph, 1995; Southworth and Owens, 1993).  

 

Cervero and Kockelman (1997) have argued that density, diversity and design, the 3-D’s of 

the built environment influenced travel behavior. They assert that these descriptors of the 

built environment by influencing “travel demand” affect trip rates and mode choice of 

individuals. Compact neighborhoods, mixed land uses and pedestrian friendly designs are 

hypothesized to: “(i) reduce the number of motorized trips known as trip degeneration; (ii) 

increase the share of non-motorized trips (by foot or bicycle) of total trips produced; and 

(iii) reduce travel distances and increase vehicle occupancy levels of the motorized trips that 

are produced“ (Cervero and Kockelman,1997). 

 

According to the traditional “utility-based” theories of “travel demand, the demand for travel 

is “derived”, it is not an end in itself (Handy, 1992; Cervero and Kockelman, 1997). With the 

possible exception of sightseeing, people travel in order to reach and satisfy a need at their 

destination (work, leisure, health etc.). The characteristics of these destinations, such as 

their land-uses, densities, design features, can affect the number of trips generated as well 

as modes or routes of travel (Cervero and Kockelman, 1997). Other features, such as trip 

interchanges between the origin and destination, might affect travel demand depending on 

the cost or convenience of other modes. However, according to the utility based theory of 

travel demand, the features at the “origin” and “destination” themselves are also influential 

in travel demand, not just trip interchanges. These features at the trip ends are what have 

been defined as the 3D’s of the built environment. 

 

In order to identify the hypothesized effect of 3-D’s on travel, Cervero and Kockelman 

(1997) have studied 50 neighborhoods in San Francisco Bay Area using the traditional 

“utility-based” theories of “travel demand” after controlling for other explainers (e.g. 

demographic characteristics). The findings of their study suggested that each one of these 
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three dimensions of the built environment, from modest to moderate elasticity, was 

associated with travel demand (Cervero and Kockelman, 1997). 

 

2.3.4. Configuration-Based Conceptualization of the Built Environment 

Structuralist theories within environment-behavior research have utilized systematic 

conceptualization of the built environment and studied space–society relationships by 

analyzing the systematic composition of objects (i.e. buildings) and events (i.e. human 

behavior) (Lawrence, 1987). Structuralist approaches divide into two distinct groups. 

Whereas “global structuralism” only describes objects and events, “analytical structuralism” 

tries to explain these descriptions (Lawrence, 1987). 

 

Within structuralist approaches, space syntax theory and method have sought to integrate 

these two approaches –global structuralism and analytical structuralism. Utilizing the 

description method of architectural morphology (Steadman, 1983), Hillier and Hanson 

(1984) have developed the notion of syntactical properties of space. The main idea of space 

syntax suggests that the built environment has to be conceptualized as a series of spatial 

relationships (spatial configurations) that organize the way human behaviors, activities, and 

encounters human encounters take place (Hillier and Hanson, 1984; King et al., 2002). This 

rejects the idea of conceptualizing the built environment as objects and explicitly focuses on 

spatial configurations. “Spatial configuration” is defined as the relations among spaces in a 

system of spaces, taking into account all other spaces in the system (Hillier and Hanson, 

1984). 

 

Hillier and his colleagues have objectively observed pedestrian movement patterns in 

various urban contexts for twenty years and obtained consistent findings. They found that 

syntactic parameters (quantitative representations) of the built environment expressing the 

spatial relationships within a layout (such as connectivity, integration etc.) have strong 

correlations with the use of space and interaction patterns among individuals (Hillier, 1996; 

Hillier et al., 1993; Peponis and Wineman, 2002). Considering the built environment as a 

system that carries movement from every space to every other space in the system, they 

found that the places that are more directly connected to every other space in the system 

tend to attract higher densities of movement. In other words, more direct universal 

accessibility implies a higher probability that a space will be used for movement (Peponis 

and Wineman, 2002).  The results of these studies assert that 70% of the variability in 

pedestrian movement (measured by the number of pedestrians observed) is explained by 

the spatial configuration itself (Hillier, 1993). This suggests the theory of “natural 
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movement” that the distribution of movement is a function of spatial configuration (Hillier, 

1996; Hillier et al., 1993; Peponis and Wineman, 2002). 

 

Different from the traditional “travel-demand” models (Cervero and Kockelman 1997), 

where destinations attract travel thus movement; the theory of “natural movement” 

suggests that configuration itself generates movement. Attractions, (destinations such as 

shops and other gathering places) take advantage of the locations that provide greater 

exposure to “liveliness”. This suggests the theory of “movement economy”. For example, 

retail businesses are generally located around the most directly accessible streets of a town 

(Peponis, and Wineman 2002). When a destination, or attraction, is located in the most 

accessible part of the system, then it is argued it will create a “multiplier effect” on 

movement, the effect of which may exceed the effects of the configurations. The argument 

here is that configuration is the primary generator of movement and “without 

understanding it we cannot understand either human pedestrian movement or the 

distribution of attractors” (Hillier et al., 1993). 

 

Figure 2-2 is a conceptual representation of the theory of natural movement. Hillier et al. 

(1993) explains the relations between the key concepts as:  

“Attractions and pedestrian movement can influence each other; however the other 

two relationships are asymmetric. Configuration may influence the location of 

attractors, but the attractions cannot influence configuration. If strong correlations 

are found between pedestrian movement and both configuration and attractions, the 

only logically possible lines of influence are from configuration to both movement and 

attractors, with the latter two influencing each other.”  (Hillier, et al. 1993) 

 

 
Figure 2-2 Conceptual relations of the “theory of natural movement” (modified from Hillier 

et al., 1993). 
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2.3.5. Summary: The Literature on Neighborhood Built Environment 

The literature review on the conceptualization of the built environment has revealed four 

important points: 

1. Conceptualizing the built environment in different ways changes our understanding 

of the relationship of phenomena under study and the built environment including 

physical activity and social interaction. 

2. Activity-based conceptualization has been utilized in urban design research 

literature by studies that focused on pedestrian activity and social life. 

3. Content-based conceptualization has been utilized in urban planning and 

transportation research that have mostly focused on utilitarian physical activity.  

4. Configuration-based conceptualization has been used in space syntax literature in 

investigating pedestrian activity and other indoor and outdoor space use. This 

approach has not been utilized in physical activity research. 

 

In view of Rapoport’s (1982, 1987, 2000) argument discussed in a previous section, the 

generative role of the built environment as suggested by Space Syntax literature is open to 

argument. However, the basic premise of this work is that some configurational properties 

of the built environment promise to identify some observable patterns of human behavior, 

especially pedestrian movement.   

 

Therefore, the neighborhood built environment can be thought of as a series of behavior 

settings supporting or inhibiting static and dynamic pedestrian activity patterns. The 

“relational properties” of these behavior settings, as measured by syntactical properties of 

the built environment (discussed more detailed elsewhere in the text), may support or 

negatively determine physical activity patterns.  

 

Recognizing the possibility that the configuration of the built environment itself may be 

effective in outdoor physical activity suggests that within a given neighborhood 

development site, micro-level relations may influence physical activity behavior. Content-

based conceptualization may be used to define the meso-scale neighborhood environment 

and configuration-based conceptualization can be used to understand the design features of 

the neighborhood in terms of how meso- and micro-elements relate to each other. This type 

of conceptualization of the built environment has not been utilized in the physical activity 

research literature but has potential to systematically articulate neighborhood design.   

 

In addition to activity-based and content-based conceptualizations of the built environment, 

focusing on relational properties of the built environment, also supports the perspective 
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suggested by the social ecological paradigm, that “environments can be described also as 

composite relationships among several features that can be exemplified by constructs such 

as behavior settings” (Stokols, 1992). Therefore, combining these three conceptualizations 

(activity, content, and relational) of the built environment will be helpful to understand how 

specific design features of the neighborhood environment may influence physical activity 

and social interaction patterns. 

 

2.4. SUMMARY: LITERATURE REVIEW 

The literature review on physical activity, social interaction, and neighborhood built 

environment has revealed that: 

1. Even though evidence of the effects of the built environment on physical activity is 

present, studies to date have focused on the issues from a larger scale or 

conceptual level and fail to form powerful empirical evidence for future design 

practices.  Focusing on neighborhood built environment and physical activity 

relations at urban design scale, in this sense, will contribute to a small but 

growing knowledge base on physical activity and neighborhood site design 

especially.  

 

2. Among environmental variables, neighborhood amenities and neighborhood 

site layout are two important variables that identify neighborhood type. 

Neighborhood typology, to date, has not been studied systematically in physical 

activity research. Combination of content-based, activity-based, and 

configuration-based approaches to the built environment may analytically 

identify neighborhood typology and help gain more comprehensive understanding 

of the built environment.  

 

3. Amenities have been widely studied and present in the literature mostly in terms of 

absence/present of neighborhood resources in a given development. However, 

amenities have not been studied in relation to other built environment features that 

may be affective in physical activity behavior. Therefore, relations between meso-

level and micro-level environmental features are often missing in the physical 

activity research literature. Studying neighborhood amenities in relation to 

neighborhood layout will contribute to the understanding of how specific design 

aspects influence physical activity. 

 

4. In view of the ideas of Barker (1968), Stokols (1992), Perkins and Taylor (1996), 

and Rapoport (1982, 1987), the social dimensions of the built environment are also 
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essential for understanding its effects on physical activity behavior. In this view, the 

social dimension of the built environment is expected to influence physical activity 

behavior for both utilitarian and leisure purposes as supported by evidence in 

some empirical studies (Leyden, 2003; Lund, 2003). Therefore, social interaction 

in the neighborhood is an important variable to conceptualize the framework.  

 

5. Individual-level variables have been found to be influential in individual’s risk 

associating behavior. To truly understand the influences of environmental variables, 

on physical activity, individual-level variables need to be investigated as well. 

 

This study will investigate the associations between neighborhood site design, physical 

activity, and social interaction. Neighborhood amenities and neighborhood layout will be 

used to identify neighborhood site design. Both utilitarian and leisure-time physical activity 

will be studied. Individual level variables will be also included in the study to credibly 

understand possible influences of the neighborhood environment on physical and social 

activity patterns of individuals.  There will be a specific focus on relational design properties 

the of meso- and micro- environment in order to provide empirical evidence for future 

urban design practice and policy. 
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CHAPTER 3 

 

 

 

3. CONCEPTUAL FRAMEWORK 
This chapter explains the purpose of the study, the conceptual framework developed, and 

research questions associated with the study. 

3.1. PURPOSE OF THE STUDY 
The primary purpose of this study is to broaden understanding of how design attributes of 

neighborhood space influence physical and social activity patterns of individuals. The study 

has sought to explain the relationships between neighborhood level spatial factors 

identifying site design and their behavioral and social outcomes by comparing multiple 

residential neighborhood cases. Suburban residential planned unit developments (PUDs) 

were selected as neighborhood cases and have constituted the context of the study. 

3.2. CONCEPTUAL FRAMEWORK 
A review of existing physical activity literature has indicated that moderate-intensity 

physical activity has greater potential to be integrated into daily routines and, thus, 

promises long-term health benefits. Compared to vigorous-intensity physical activity, 

moderate-intensity physical activity is more likely to be influenced by environmental factors 

since the former requires strong motivation and is more structured. In view of these, the 

present study focuses on moderate-intensity physical activity in terms of both utilitarian 

and leisure-time outdoor physical activities. 
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The influences of the meso- and micro-scale environment on moderate intensity 

outdoor physical activities constitute the main focus of the study. Previous empirical 

research has indicated evidence of the effects of certain neighborhood-level environmental 

variables on physical activity behavior. In light of these variables, this study intends to 

investigate from an urban design perspective how neighborhood built environment 

influences and shapes physical activity patterns of individuals. Because designers and 

design policy makers are intended to benefit from these research findings, selecting an 

environmental variable that is directly relevant and easily accessible to this population is of 

great significance. With proper choice of the variables, the research findings will have 

higher likelihood to be utilized in design practices and thus to improve human environments 

(Kuo, 2002). From these considerations, neighborhood site design is selected as the 

main environmental variable. Neighborhood amenities and site layout, which are the 

two significant variables widely used in determining site design, are selected as sub-

variables (Frank, Andersen, and Schmid, 2004; Frank, Engelke, and Schmid, 2003; Moudon 

et al., 1997; Owens, 1993). Systematically elaborating amenity and site layout 

characteristics, the investigation involves how neighborhood built environment influences 

and shapes physical activity patterns. Acknowledging the relevance of social dimension of 

the neighborhood built environment, social interaction patterns are also included in the 

conceptual framework as a second dependent variable. Neighborhood social 

environment is studied as it is influenced by the neighborhood built environment and as it 

relates to physical activity behavior of individuals.  

 

Literature on physical activity has pointed out the importance of both individual level and 

environmental level variables in the shaping of individual physical activity behavior. In order 

to truly understand the influences of the neighborhood built environment, certain 

individual level variables will be included in the framework of the study as well. 

 

Figure 3-1 illustrates the conceptual framework of the study. Neighborhood site design 

variables and individual level variables are defined as the independent variables. Physical 

activity variables and social interaction variables are defined as the dependent variables. 
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Figure 3-1 Conceptual framework of the study 

 

 

Neighborhood amenities and site layout are used to identify neighborhood site design. 

Amenity types, locations, perceived quality and satisfaction are used as indicators for 

neighborhood amenities. Metric and syntactical properties of neighborhood physical 

environment, such as distance, connectivity, integration, and intelligibility, and perceived 

characteristics and satisfaction are used as indicators of neighborhood site layout. Physical 

activity patterns are used to identify moderate intensity outdoor physical activity. Physical 

activity frequency, duration, type, and place of physical activity and participation level are 

used as indicators for physical activity patterns. Social interaction patterns are used to 

identify neighborhood social environment. Social activity types and places, perceptions of 

neighborhood social environment, neighboring, and attraction-to-neighborhood are used as 

indicators of neighborhood social interaction. Individual profile was used to define 

individual-level variables. Sex, age, occupation, and household profile such as children per 

household, home ownership are used as indicators of individual profile. The conceptual 

framework and used indicators are diagramed in figure 3-2. 
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Figure 3-2 Conceptual framework with indicators used 

 

3.3. RESEARCH QUESTIONS 
Within this conceptual framework the main research question of this study is:  

RQ1: What is the effect of neighborhood site design on moderate intensity outdoor physical 

activity?  

In order to answer this question, these sub-questions are posed: 

RQ1.a: What is the effect of neighborhood amenities on moderate-intensity outdoor 

physical activity? 

RQ1.b: What is the effect of neighborhood site layout on moderate-intensity outdoor 

physical activity? 

RQ1.c: What are the interaction effects between neighborhood amenities and 

neighborhood site layout on moderate intensity outdoor physical activity? 

In order to explain the effect of neighborhood site design on moderate intensity outdoor 

physical activity, these inquiries will be made: How does site design influence physical 

activity patterns of individuals? How do activity types, frequencies, and places differ in 

neighborhoods with different site designs? How do amenity content, types, and locations 

contribute to physical activity patterns? How does site layout influence physical activity 

patterns? Which descriptive and/or syntactical spatial properties determine physical activity 

patterns and participation levels of individuals? Which perceptual environmental qualities 

determine physical activity patterns? 
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Similarly, influences of the neighborhood built environment on social interaction are sought 

with this research question: 

RQ2: What is the effect of neighborhood site design on social interaction? 

In order to answer this question, these sub-questions are asked: 

RQ2.a: What is the effect of neighborhood amenities on social interaction? 

RQ2.b: What is the effect of neighborhood site layout on social interaction? 

RQ2.c: What are the interaction effects between neighborhood amenities and 

neighborhood site layout on social interaction? 

In order to explain the effect of neighborhood site design on social interaction, these 

inquiries will be made: How does site design influence social activity patterns of individuals? 

How do social activity types and places vary in neighborhoods with different site designs? 

How do amenity content, types, and locations relate to neighborhood social environment? 

How does site layout influence social activity patterns? Which descriptive and/or syntactical 

spatial properties are more likely to create variations in social interaction patterns, 

neighboring, and attraction-to-neighborhood? 

 

Also, how physical activity and social interaction relate to each other is studied: 

RQ3: What are the relations between moderate-intensity outdoor physical activity and 

social interaction? 

In order to explain the relationship between physical activity and social interaction these 

inquiries will be made: How does physical activity patterns vary as social activity patterns 

vary? Does physical activity participation level change with neighboring, attraction-to-

neighborhood and perceptions of social environment and vice versa? 

 

In order to credibly understand the influences of the neighborhood built environment, 

specifically neighborhood site design, moderating effects of the individual-level variables are 

investigated as well: 

RQ4: Are there any moderating effects of the individual level variables? If so, what are the 

moderating effects of the individual-level variables in the effect of the neighborhood site 

design on physical activity?  

In order to explain moderating effects these inquiries will be made:  

How much of the variation in physical activity and social interaction attributable to sex, age, 

and having children and how much of it is attributable to differences in site design?  
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3.4. DEFINITION OF TERMS 
The variables used in this study fall into four main domains: Site design variables, physical 

activity variables, social interaction variables, and individual level variables (Figure 3-2)  

3.4.1. Site Design Variables 
NEIGHBORHOOD SITE DESIGN refers to design characteristics of a neighborhood such as 

content and configuration. It is a comprehensive term that is identified by amenities and 

layout of the neighborhood. Street connectivity, distance between the amenities and 

residential units, and the location of the amenities in relation to other land uses collectively 

define the site design of a neighborhood.  

 

NEIGHBORHOOD AMENITIES are non-residential functions which may be incorporated into 

neighborhoods. These are land uses other than residential units such as such as shops, 

restaurants, open spaces parks, playgrounds, schools, community centers and the like.  

Amenities can be categorized in different ways using type, function, quality, size, location, 

etc., as well as various indicators have been found in literature. For the purpose of this 

research, amenities are classified into two main categories according to use type: utilitarian 

and leisure. To elaborate more, specific amenity type such as park, school, etc. are also 

used. 

 

NEIGHBORHOOD SITE LAYOUT is the configuration of the neighborhood built environment. 

It refers to relational properties of the street network in the neighborhood which are often 

identified by several syntactical measures such as connectivity, integration, and 

intelligibility. This study utilizes integration, connectivity, and intelligibility to describe site 

layouts of neighborhoods. 

 

SYNTACTICAL PROPERTIES of space refer to relational measures that include connectivity, 

integration, and intelligibility. Using the axial map of the urban grid, these measures are 

used to quantify the topology of an area. The axial map of an urban area consists of the 

longest and fewest straight lines that can be drawn through the spaces of its grid so that all 

the grid is covered, so that all rings of circulation are completed (Hillier et al., 1993). An 

axial map provides the two-dimensional representation of the topology of the space, or an 

urban grid, which is not connected to the geometry of the space itself. Thus, the space is 

represented as a series of nodes and edges, where lines of the axial map are the nodes and 

the intersections of the lines are the edges (Hillier et al., 1993).  
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CONNECTIVITY in a system is defined as the number of all other spaces directly linked to it 

(Hillier and Hanson, 1984). Using the axial map, the connectivity of an axial line can be 

measured by looking at how many other lines are directly accessible from it (Hillier and 

Hanson, 1984). It refers to the local properties of an axial line in terms of its relations to its 

neighboring axial lines.  

 

INTEGRATION is the relative asymmetry of a system and is calculated by the mean depth 

value of every other line in the system from each line in turn, relative to how deep they 

could possibly be with that number of lines.  Depth between two spaces is defined as the 

least number of syntactic steps needed to reach one from the other. Most integrated lines 

are those from which all others are the shallowest on average. Conversely, the most 

segregated lines are those from which all others are the deepest on average. Since this 

integration refers to the whole system it is named global integration (Hillier and Hanson, 

1984). In a similar manner, local integration (or integration-n, for example integration 3) 

within a system is measured by looking at the mean depth values of every line in relation to 

its neighbors that are “n” steps (for example 3 steps) deep from that line. Lower values 

indicate local-segregation, while higher values indicate local-integration. Empirically, 

integration measures have found to be significant in explaining “through” pedestrian 

movement (Hillier et al., 1993). 

 

INTELLIGIBILITY refers to the correlation between the local properties and global 

properties of space (Peponis and Wineman, 2002). It is the degree to which spaces with 

high levels of connectivity also have high values of integration. Higher integration and 

higher connectivity makes a space intelligible, which means that the space gives a good 

idea about the navigation of the entire system, since the number of convex spaces that are 

directly accessible and the degree of global integration is high (Hillier,1996).  Intelligibility is 

the correlation (Pearson’s r) of the simple regression of integration and connectivity. Since it 

is a correlation coefficient, it does not have any units and does not depend on the size of 

the system. Pedestrian movement was empirically found to be correlated with integration 

values in urban systems with higher intelligibility values (Hillier et al., 1993). A similar 

correlation could not be detected in urban spatial systems with low intelligibility values 

(Hillier et al., 1993).  

 

DISTANCE is the metric proximity between two spaces (i.e. between a residential unit to a 

neighborhood amenity). In distance calculations, this study uses route-based distance (the 

distance through the shortest route) as opposed to fly-crow distance (the shortest possible 

distance measured on the map).  
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STREET NETWORK is the street system of the neighborhood including all vehicular roads, 

pedestrian paths which are either designed or naturally created by users. The street 

network is used in creating the axial map.  

 

LOCATIONAL PROPERTIES of neighborhood amenities refer to the location of an amenity 

within the street network. Syntactical properties are often used to describe locational 

characteristics of amenities (such as amenity located in an integrated zone of the 

neighborhood etc.). 

3.4.2. Individual-Level Variables 
INDIVIDUAL PROFILE is demographic characteristics of the individual such as sex, age, 

occupation, and household profile. Sex of the individual is identified by man or woman. Age 

is identified numerically in years. Occupation is identified by employment status such as 

employed, retired, student, homemaker, etc. Household profile is identified by number of 

people living in the household, number of children living in the household, and ownership 

status such as owner, renter, other.  

3.4.3. Physical Activity Variables 
PHYSICAL ACTIVITY refers to both utilitarian and leisure physical activity at moderate or 

vigorous intensity. Vigorous activities are defined as such that cause large increases in 

breathing and heart rate, while moderate activities are those that cause only small 

increases.  The main focus of the study is moderate-intensity outdoor physical activity.  

Other than intensity, physical activity literature uses type, duration, and frequency of 

physical activity as indicators.  

 

TYPE refers to activity type such as running, walking, swimming etc. 

 

FREQUENCY of physical activity is identified by the number of days in a week one engages 

in physical activity. 

 

DURATION of physical activity is the total time per each session of engagement in physical 

activity 

 

PLACE of the physical activity is identified by any of these four categories: in neighborhood 

outdoors, in neighborhood indoors, out of neighborhood outdoors, out of neighborhood 

indoors. It also refers to the location of the activity in the neighborhood if actual location is 

reported by the respondent or observed by the researcher in the behavior mapping.  
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PHYSICAL ACTIVITY PATTERNS refer to place, location, time, and type of activity. 

 

PARTICIPATION LEVEL in physical activity is the categorical analysis to meet or not meet 

the Surgeon General’s physical activity recommendations.  

 

3.4.4. Social Interaction Variables 

SOCIAL INTERACTION refers to the neighborhood social environment in the neighborhood. 

Social interaction patterns of residents, social activity types taking place in their 

neighborhood, and their perceptions of neighborhood social environment collectively 

identify the neighborhood social environment.  

 

NEIGHBORHOOD SOCIAL ENVIRONMENT is residents’ perceptions of the community level 

social environment and is identified by “neighboring” and “attraction-to-neighborhood”. 

 

NEIGHBORING refers to residents’ neighboring patterns within their neighborhoods. 

 

ATTRACTION-TO-NEIGHBORHOOD refers to residents’ attraction level to the neighborhood 

in terms of overall attraction and plans to remain in the community.  
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CHAPTER 4 

 

 

 

4. METHODOLOGY 
This chapter explains the research design of the present study through a detailed review of 

decisions concerning research methodology, context of the study, case selection, pilot 

study, data collection and analyses. 

 

4.1. RESEARCH STRATEGY 

This work utilized a multiple case study research methodology to understand the effects of 

neighborhood site design on patterns of physical and social activity patterns in communities. 

A case study is an empirical inquiry that “investigates a contemporary phenomenon within 

its real-life context, when the boundaries between phenomenon and context are not clearly 

evident, and in which multiple sources of evidence are used” (Yin, 1989).   

 

In case study research, each case is similar to a single experiment. Therefore, multiple case 

study research can be thought of as multiple experiments. Pattern-matching and 

replication- seeking strategies are the two main procedures used in the analysis of evidence 

in a multiple case study research. Pattern matching is comparing the findings across cases 

and the related propositions, in order to display the results’ forming patterns. Replication 

seeking is searching for repeating patterns across cases and displaying these as evidence. 

As a result of this replication logic, analytic generalization can be made in multiple case 

study research strategy. This is different from the common sampling logic of other research 
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strategies. Rather than generalization to a population, generalization to a proposition is 

made (Yin, 1989). 

 

The strengths of case-study research designs are that they focus on the embeddedness of 

the case(s) in their real-life contexts. By the use of multiple data sources and types, they 

have the capacity to explain causal links and can generalize to a theory (Yin, 1989, 1994). 

However, they also have some weaknesses due to the potential for over-complication and 

challenge of integrating many data sources coherently. Moreover, causality may be multi-

faceted and complex, and thus may be hard to establish (Groat and Wang, 2002). Literal 

replications are required to increase the reliability of causal explanations.  

 

“Causal-comparative” research designs, as one form of case study research, attempt to 

establish causality through comparison of cases. When cases are real-life contexts, even 

though cases are selected purposefully depending on variables of interest, it is hard to 

establish full control of other variables which may be equally influential in the outcome. Due 

to this lack of controlled “treatment” in real life contexts, these research designs ascribe 

cause in a provisional way (Groat and Wang, 2002). Other aspects that are equally 

important in the outcome but that are not controlled in case selection should be considered 

as alternative explanations. Since case studies have fewer established rules, compared to 

other common research strategies, they are more challenging to design (Groat and Wang, 

2002). 

 

4.2. CASE SELECTION 

A major difference between qualitative and quantitative (Patton, 2001), or naturalistic and 

rationalistic (Miles and Huberman, 1994), studies lies in their sampling logic. Rationalistic – 

or mostly referred as quantitative – studies follow a large and random sampling logic that 

derive from statistical probability theory. On contrary, naturalistic studies focus on smaller 

and purposefully selected samples that are thought to be information-rich for the purpose 

of study.  

 

Case studies may be qualitative, quantitative or a combination of the two (Yin, 1989). 

However, in its sampling approach case study research follows a similar sampling logic with 

qualitative studies as opposed to quantitative ones. Cases should be selected purposefully 

to provide in-depth and rich information directed to the purpose of the study. In case study 

research purposeful selection follows a theory-based, operational, or theoretical sampling 

strategy (Patton, 2001). The main idea is to select cases according to a conceptually 

oriented criterion based on their representation of important theoretical constructs (Patton, 
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2001). Each case, in this sense, is an instrument to understand a phenomenon or to refine 

a theory (Stake, 1995).  When there are multiple cases, often referred to as a multiple 

(embedded) case study (Yin, 1989) or a collective case study (Stake, 1995), cases, with 

their similarities, differences and variations, are studied jointly in order to give insights 

about a phenomenon or a theory. 

 

For the purpose of this multiple case study, four cases were selected to represent 

theoretical variations of the research questions. The next subsections discuss in detail the 

case selection procedure and criteria (Figure 4-1). 

 

4.2.1. Case Selection Criteria: Defining the Context 

Residential planned unit developments, which are special cases of residential 

neighborhoods, were selected as the neighborhood type to be studied in this research 

(Figure 4-1). Planned unit development (PUD), in its broad definition, is an overlay zoning 

district that permits land developments on several parcels to be planned as single units. 

Providing greater flexibility in zoning and design compared to standard development 

ordinances, residential PUDs has been seen as an alternative to “standard” residential 

development.  

 

The main idea behind PUDs is to allow designs and layouts that would not otherwise be 

permitted by zoning regulations as long as they promote “exceptional quality community 

designs”. Each planning department has its own regulations and framework to define 

improved quality community design. Common points emphasized refer to provisions in 

amount and design of open space and amenities for community and public use; improved 

pedestrian circulation; and variety in residential and non-residential uses.  For instance, the 

Town of Cary states that PUD districts encourage innovative land planning and design 

concepts by: 

1. Reducing or eliminating the inflexibility that sometimes results from strict 

application of zoning and development standards that were designed primarily for 

individual lots; 

2. Allowing greater freedom in selecting the means to provide access, light, open 

space, and design amenities; 

3. Allowing greater freedom in providing a mix of land uses in the same 

development, including a mix of housing types, housing prices, lot sizes, densities, 

and non-residential uses in a planned development; 



 48

4. Promoting quality urban design and environmentally sensitive development by 

allowing development to take advantage of special site characteristics, locations, and 

land uses; and 

5. Encouraging quality urban design and environmentally sensitive development by 

allowing increases in base densities when such increases can be justified by superior 

design or the provision of additional amenities such as public and/or private open 

space.  (Town of Cary North Carolina, 2006). 

 

Similarly, the City of Durham defines the main intent of PUD district as “to encourage 

efficient use of the land and public services and to promote high quality design that will 

provide a variety of dwelling types as well as adequate support services and open space for 

the residents of the development” (City of Durham North Carolina, 2005). The PUD district 

regulations, in this sense, are intended “to allow innovative development that is integrated 

with proposed adjacent uses and compatible with existing patterns of development”.  

 

To reduce contextual effects to minimum, all the four PUD cases used in this multiple case 

study research were selected from a single geographic location. The Triangle area of North 

Carolina that is composed of the City of Raleigh, the City of Durham, the Town of Cary and 

the Town of Chapel Hill was selected as the geographic location for this multiple case study 

research. 

 

4.2.2. Case Selection Criteria: Forming the Primary Sampling Pool 

In order to select the four cases to be used in this multiple case study, a primary sampling 

pool for candidate cases was to be formed.  Planning Departments of the City of Raleigh, 

City of Durham, Town of Cary, and Town of Chapel Hill were contacted via email, informed 

about the present research study, and were asked for their collaboration to provide 

information in order to form the sampling pool. Some of the planning departments have 

archived their database in a computerized index system and had most of the necessary 

information digitized. However, in others, going through hardcopies of case folders and 

plans was necessary to gather the information needed. 

 

At the same time, Geographic Information Systems (GIS) data in the form of aerial maps, 

streets and parcels shape-files from Orange and Durham County GIS Departments (for the 

City of Durham and the Town of Chapel Hill) and North Carolina State University Library (for 

Wake County, for the Town of Cary, and the City of Raleigh) was gathered. Finally, the data 

from the Planning Departments was linked to other GIS data in order to create a database 

where queries could be performed for the cases selection.  
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Four main criteria were used in creating the sampling pool. Figure 4-1 shows the criteria 

and the query process in detail. The first criterion was used to select a PUD.  PUD was used 

in this study as an umbrella term that covered any type of “planned unit development”, 

“planned development district” (PDD), and “planned residential density districts” (PRD). 

PUDs were required to go through a three-stage rezoning process of submission, review 

and approval of the proposal (Figure 4-1). Due to this process, PUDs all have been given a 

rezoning case number which could be used as an index to access the required information.  

 

In order to reduce contextual differences, the second criterion in the creation of the 

sampling pool was to select PUDs with similar contexts. Considering the fact that more than 

50% of US population lives in suburbia, suburban PUDs were selected for this study (HUD, 

2004a). Suburban areas were defined as “within the metropolitan but outside of the central 

cities” (HUD, 2004a). Consulting with the planning departments’ classification of suburban, 

as well as checking the locations of PUDs on the map in relation to central city boundaries 

“suburban/not suburban” classifications were made.  

 

The third sampling pool criterion was the age of the development (Figure 4-1).  The main 

idea was to both cover recent development patterns and to have residents that have lived 

in the neighborhood long enough to be able to evaluate it. Thus, the age criterion was 

decided as “PUDs that were developed in the period of 1990-2002”. The construction start 

date reported to the planning departments was used to identify the age of the 

development. 

 

The fourth criterion in the creation of the sampling pool was the housing types in the PUDs 

(Figure 4-1). When common development patterns were analyzed, it was seen that there 

were three major PUD patterns in terms of their housing types. These were “single family 

only PUDs” with either attached or detached units, “multi family only PUDs” with condos or 

apartments, and “mixed type PUDs” with both single and multi family units. The type of 

main interest was to have PUDs with single family housing units. For this purpose, excluding 

“multi family only ones”, “single family only” and “mixed” types were selected for the 

primary sampling pool. 

 

Depending on these four main criteria, the primary sampling pool of candidate PUDs was 

created which consisted of suburban PUDs with attached and/or detached single family 

units that were developed between 1990 and 2002 and located in Triangle area of NC 

(Figure 4-1). 
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Figure 4-1 Case selection procedure 
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4.2.3. Case Selection Criteria: Forming the Theoretical Proposition Groups 

Using the information related to the socio-economic status, year of development, number of 

households, housing types, amenity content and types of the PUDs in the primary sampling 

pool, a chart matrix was developed (Table 4-1).  Aerial maps and site plans of these PUDs 

were collected in a separate folder to be used in conjunction with the chart matrix.  

 

There were nine PUDs in Raleigh, 16 PUDs in Cary, 12 PUDs in Durham, and two PUDs in 

Chapel Hill that initially met the age criteria. Out of these 39 PUDs, three PUDs housed only-

condos, seven PUDs were only-commercial, two PUDs were retirement communities, three 

PUDs were located in the central city, and four PUDs had missing plan data. Selection 

process resulted in 20 candidate PUDs (CPUDs) in the sampling pool that were later 

analyzed to form the theoretical groups (Table 4-1).  

 

The main goal, at this step, was to analyze and categorize different development patterns in 

relation to the two main site design variables that concerned this study: amenities and site 

layout. This step was important to see the different categories of common development 

patterns and thus to understand the representativeness of the cases to be selected for 

multiple case study. 

 

4.2.3.1. Forming the Theoretical Proposition Groups: Amenities 

After reviewing the plan data of these CPUDs, categories were first formed according to 

amenities (Table 4-1).  A matrix chart was developed to portray amenity content for the 

CPUDs which helped to comprehensively see the amenity content variations in recent 

development patterns.   

 

PUD amenities were grouped into two main categories according to the type of the amenity. 

Recreational amenity and utilitarian amenity categories constituted the two main groups. 

Recreational amenities, as found in these CPUDs, consisted of five different amenity types 

which were parks, village greens, greenways and trails, sports areas, and clubhouses. 

Utilitarian amenities, as observed in the CPUDs, consisted of four different types which were 

restaurants and cafes, commercial units and stores, schools and churches (Table 4-1).  
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Table 4-1 Candidate PUDs (CPUDs) and their amenity contents 

 recreational        amenities utilitarian amenities 
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CPUD1 1997 1175 completed X X X X X X X X X 
CPUD2 1999 800 completed X X X X  X X   
CPUD3 1991 606 completed X X X X X     
CPUD4 1995 620 completed X X X X X X X   
CPUD5 2001 258 in progress X X   X  X   
CPUD6 2001 325 in progress X X X  X   X  
CPUD7 2002 689 in progress  X    X X   
CPUD8 2002 297 in progress  X X  X    X 
CPUD9 2002 158 in progress  X X X X     
CPUD10 2002 417 in progress X X  X      
CPUD11 1994 318 completed  X  X X     
CPUD12 1995 456 completed  X X X X X    
CPUD13 1996 990 completed  X  X X     
CPUD14 1997 198 completed  X   X     
CPUD15 1998 1035 completed  X        
CPUD16 1999 274 in progress  X        
CPUD17 2000 2786 in progress  X X       
CPUD18 2000 315 in progress X X        
CPUD19 2002 364 in progress X    X     
CPUD20 2002 306 in progress X X  X X     
 

When the main amenity content patterns were analyzed, it was seen that recreational 

amenities were much more common in CPUDs compared to utilitarian amenities. All the 

CPUDs had at least one type of recreational amenity, whereas only 40% of them had at 

least one type of utilitarian amenities (Table 4-2).  
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Table 4-2  Prevalent amenity patterns in Triangle area PUDs 

  recreational amenities utilitarian amenities 
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# of CPUDs 
having this 
amenity type 

10 19 9 10 13 5 5 2 2 75 

% of this 
amenity type 
per CPUD 

50.00% 95.00% 45.00% 50.00% 65.00% 25.00% 25.00% 10.00% 10.00%  

% of this 
amenity type 
per all 
amenities 

13.33% 25.33% 12.00% 13.33% 17.33% 6.67% 6.67% 2.67% 2.67% 100% 

# of CPUDs 
with 
recreational 
amenities 

20 

% of CPUDs 
with 
recreational 
amenities 

100.00% 

NA 

# of CPUDs 
with 
utilitarian 
amenities 

8 

% of CPUDs 
with 
utilitarian 
amenities 

NA 

40.00% 

NA 

 

Among recreational amenities, village green was the most commonly observed and 95% of 

the CPUDs had this amenity type (Table 4-2).  It was followed by clubhouses observed in 

65% of the CPUDs, parks and sports areas, each observed in 50% CPUDs, and greenways, 

observed in 45% of CPUDs (Table 4-2). When we looked at the recreational amenity 

patterns per CPUD, 35% of the CPUDs had one to two different types, 50% had three to 

four different types, and 15% had five or more different types of recreational amenities 

(Table 4-2). Average number of recreational amenity types per CPUD was 3 (3.05). 

 

Among utilitarian amenities gastronomic/social facilities, such as restaurants and cafes, and 

commercial facilities, such as stores/shops, were present in 25% of all CPUDs and 

constituted the two most common types of utilitarian amenities (Table 4-2). The other two 
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utilitarian amenity types, schools and churches, were present only in 10% of the PUDs. 

Analysis of utilitarian amenity patterns per CPUDs showed that 60% of all CPUDs did not 

have any type of utilitarian amenities. Of all CPUDs, 35% had one or two different types of 

utilitarian amenities and only 5% had all the four different types of utilitarian amenities 

observed (Table 4-2). Average number of utilitarian amenity types per CPUD was less than 

one (0.7). Overall, on average, CPUDs accommodated three amenities, either recreational 

or utilitarian, within their boundaries (3.75). 

 

4.2.3.2. Forming the Theoretical Proposition Groups: Site Layout 

The CPUDs were then visually inspected and analyzed according to their site layout to 

reveal variations in prevalent layout types. This analysis yielded four main CPUD layout 

types (Figure 4-2). 

 

 

Figure 4-2 Prevalent layout patterns in Triangle area PUDs 

 

The first layout type consisted of CPUDs with a larger separated amenity core, smaller cores 

within residential units, and a connected street network. The second layout type consisted 

of CPUDs with an amenity core and had a disconnected street network. In this type, some 

CPUDs had also smaller amenity cores within the residential unit clusters, but were still 

arranged in a disconnected pattern. The third layout type presented totally separated 

amenity and residential unit cores, and had a disconnected street network. The fourth 
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layout type exhibited a perfectly centralized amenity core with surrounding residential units 

and a disconnected street pattern (Figure 4-2).  

 

Among these four layout types, the first and the second type were more common and 

comprised 90% of all CPUDs. The third and the fourth layout types were rare and there 

were only one example for each type in the CPUD pool. In case selection, the focus was 

given to layout type 1 and type 2 considering that these were more representative of 

prevalent residential neighborhood patterns. 

 

4.2.4. Case Selection Criteria: Selecting the Cases 

After the categorization of the CPUDs according to amenities and street layout, a matrix 

was formed that represented different levels of site design variables and was used in case 

selection (Figure 4-3). Type 1 and type 2 categories were used for the “site layout” variable. 

Recreational and utilitarian amenity contents were used for the “amenities” variable. Since 

all CPUDs had recreational amenities, all four cases to be selected would have recreational 

amenities with either type 1 or type 2 layouts. However, among all CPUDs there were none 

that had both type 2 layout and utilitarian amenities. Hence, this suggested that PUDs with 

disconnected street networks do not contain utilitarian amenities. For this reason, only one 

case would be selected to have both recreational and utilitarian amenities, and type 1 

layout. The other three cases all contained recreational amenities only, one with type 1 

layout, and the other two with type 2 layouts with its two variations. Figure 4-3 shows case 

selection matrix. 

 

AMENITIES 

  Recreational Utilitarian 

TYPE 1 
(connected) 

CASE 1 
  

CASE 2 
  

CASE 3 

SI
TE

 L
AY

O
U

T 

TYPE 2 
(disconnected) CASE 4 

Not applicable 

Figure 4-3 Matrix for case selection 

 

For the final case selection, to reduce the influence of other variables that might affect the 

outcome, size, socio-economic status, and other regional characteristics such as location in 

the macro-scale were also taken into consideration (Figure 4-1). Only the CPUDs that had 

more than 300 housing units, that were in the middle-upper socio-economic stratum, and 
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that had similar proximity to major resources such as highways, schools, and the like were 

to be selected for the final four cases. Moreover, completion rate was also taken into 

consideration. Only CPUDs with at least 80% completion rate, defined as “at least 80% of 

the PUD had been constructed and occupied”, could to be selected for final cases.  

 

4.2.5. Summary: Case Selection 

Four cases were eventually selected to be studied. Throughout the study, these four cases 

will be identified with their numerical codes (PUD1, PUD2, PUD3, and PUD4). PUD1 had 

type 1 (connected) layout and only recreational amenities.  PUD2 had type 1 layout 

(connected) and both utilitarian and recreational amenities. PUD3 had type 2 layout 

(disconnected) and recreational amenities only. PUD4 had type 2 layout (disconnected) and 

recreational amenities only (Figure 4-3).  

 

With these four cases, three major comparisons would be made. Figure 4-4 displays these 

comparisons.  

 

 

Figure 4-4 Matrix for comparisons across cases 

 

In the first comparison, PUD1-PUD2 comparison, the independent variable was amenity 

type. This comparison would give insights about the contribution of utilitarian amenities to 

the physical activity levels. In the second comparison, PUD1-PUD3 comparison, the 

independent variable was layout. With this comparison we would understand how physical 

activity levels changes in more connected layouts versus less connected layouts. In the third 

comparison, PUD3-PUD4 comparison, the independent variable was amenity location. This 



 57

comparison would determine the influences of dispersed versus centralized amenity 

patterns on the physical activity (Figure 4-4). 

 

4.3. PILOT STUDY 

In 2003, the author with two other colleagues conducted a research study in a neo-

traditional development and investigated the affordances of pedestrian activity in a neo-

traditional neighborhood (Demir, Moore, and Westhuizen van der, 2005). Southern Village, 

a neo-traditional development in Chapel Hill, North Carolina, considered to be a showcase of 

pedestrian friendly development was selected and studied in an “instrumental case study” 

inquiry (Stake, 1995). An instrumental case study is a type of case study used as a research 

methodology for the purpose of understanding a phenomenon more general than the case 

(Stake, 1995). 

 

The objectives of this study were (i) to test the claims of new urbanism on providing many 

lifestyle benefits related to pedestrian activity and social interaction, (ii) to develop feasible 

field methods for investigating pedestrian activity in urban neighborhoods, (iii) to develop 

objective measures of physical design attributes and natural characteristics that afford or 

inhibit pedestrian activity, and (iv) to propose directions for further investigation of 

neighborhood pedestrian activity. This study constituted the piloting for this dissertation 

research and its findings were used to shape decisions concerning data collection and 

analysis methods. The findings of this research were presented elsewhere (Demir, Moore, 

and Westhuizen van der, 2005). Here only an overview of findings that influenced the 

decisions taken for data collection and analysis methods for the present dissertation 

research will be discussed. 

 

In the pilot study, the dependent variables were pedestrian activity and social interaction 

and were measured using a multi-method approach. Direct observation of outdoor activity 

using behavior mapping, indirect observation of outdoor activity using behavior trace 

mapping, cognitive mapping, resident interviews, and community survey were different 

methods piloted and used to collect data on the dependent variables.  Behavior mapping 

and trace mapping both provided very useful results in documenting the use of outdoor 

neighborhood space. Cognitive mapping produced interesting results especially from 

children, but was dropped later from the study because of difficulties with administration 

particularly in adults. Resident interviews provided qualitative data on resident’s perceptions 

of their neighborhood space, however the number of respondents was small and it was 

laborious to reach a large sample of neighborhood residents using this method. Interview 

data, however, was useful in forming the structure of the community survey. A community 
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survey was designed as a mail survey and distributed door-to-door to every other house in 

the neighborhood. It was composed of two sections including a standardized questionnaire 

section and a visual mapping section. Questionnaire section provided useful results in terms 

of collecting data on residents’ activity and interaction levels, activity types, their 

evaluations and perceptions of the neighborhood space.  A visual mapping section collected 

data on favorite and disliked places, as well as favorite routes. Overall, the community 

survey was an effective tool in the collection of information on the use of neighborhood 

pedestrian space. 

 

The independent variables used in the pilot study were physical attributes of the 

neighborhood space and barriers within the neighborhood space. The spatial attributes 

including sidewalks, streets, land-use patterns, locational characteristics, and 

proximity/distance were analyzed using GIS objective measures. Additional measures were 

derived from a typological analysis of housing types and fronting street spatial relations; a 

barrier analysis of street crossings, and a visual analysis of intersections using quadrant 

photography.  Among methods to collect spatial data, objective relational analysis and 

representation capability of GIS was exceptionally accurate.  

 

GIS was not only used as a method to objectively measure spatial variables, but also used 

to spatially link data collected for dependent variables. Behavior mapping data and 

community survey data were entered in GIS and analyzed systematically to understand 

relations between pedestrian activity, social interaction, and physical characteristics of 

neighborhood space. Using GIS-coded behavior mapping as a method for analyzing field 

data was also tested as a method in other contexts, including outdoor family spaces such as 

museums and parks, and was found to be an efficient and powerful analysis technique. The 

advantages of this method were presented elsewhere (Moore and Demir, 2006). Overall, 

the findings of the pilot study revealed that both behavior mapping and community survey 

were efficient methods to collect data on neighborhood outdoor space use and interaction 

patterns. 

 

As a result of the pilot study, behavior mapping was found to be a powerful field 

investigation method to objectively document neighborhood outdoor activity. In the urban 

design literature, it has been widely utilized in systematically studying outdoor space use 

patterns. In the physical activity literature, even though direct observation of physical 

activity has been one of the methods for data collection, behavior mapping has not been 

utilized. The literature on physical activity assessment methods has suggested that 

objective methods for collecting data on physical activity were more reliable compared to 



 59

self-reported ones. Despite the well-known advantages of measuring physical activity 

objectively, most research investigating relations between the built environment and 

physical activity has utilized self-reported physical activity due to cost and ease of 

administration. Direct observation of activity and using accelerometers have been among 

reliable objective methods for measuring physical activity. Because accelerometers were 

relatively expensive and require proper and continuous use from respondent’s side, it was 

not considered appropriate for this study. Rather, behavior mapping was employed for the 

collection of data on neighborhood physical and social activity patterns. Because exact place 

information on physical activity data was also collected in behavior mapping, this method 

would provide both comprehensive spatial and activity data. GIS based analysis of behavior 

mapping was also proven to provide useful results with a special focus on spatial attributes.  

 

Another method utilized in the pilot study, the community survey, was also found to be 

effective in collecting information on the dependent variables, physical activity and social 

interaction. Mail surveys have been widely utilized in physical activity research literature to 

collect data on physical activity. Behavioral Risk Factors Surveillance System (BRFSS) 

Questions developed and revised each year by the Centers for Disease Control and 

Prevention (CDC), have for many years been used in the measurement of physical activity 

levels of the US population and have been tested for reliability. In order to provide 

comparability of results with previous research, BRFSS questions were included in the 

community survey in order to collect data on physical activity participation and levels.  

 

Though social interaction questions were rarely included in surveys and utilized in physical 

activity literature, the pilot study confirmed the previous findings of the literature on social 

interaction from the fields of urban design and community psychology, and showed the 

feasibility of inclusion of this variable to the research topic. Especially in the community 

survey piloted, neighboring questions provided useful results.  

 

Buckner (1988) devised an instrument to measure neighborhood cohesion through the 

combination and testing of different indexes found in the literature used to measure 

different dimensions of the neighborhood social environment. Because Buckner (1988) 

created one of the most comprehensive works on social aspects of the neighborhood, two 

of his indexes that related to the physical aspects of the neighborhood space, neighboring 

and attraction-to-neighborhood, were included in the community survey and were used to 

collect information on neighborhood social environment.  
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The pilot study community survey showed that residents’ perceptions and evaluations of the 

neighborhood physical environment were also important in determining their use of 

neighborhood space. Several studies in the literature have also pointed out the importance 

of using both objective and perceived features of the built environment in understanding 

pedestrian travel and physical activity behavior (Handy, 1996; Lund, 2003). For this 

purpose, the survey instrument of a recent research study (Rodriguez, 2005)  investigating 

the relations between the built environment and physical activity, where questions from the 

literature on perceptions of the built environment were combined, was reviewed.  Questions 

that pertained to the perceptions and evaluations of the neighborhood physical 

environment, in terms of satisfaction from and perception of pedestrian amenities within the 

neighborhood, were selected to be used in the community survey. 

 

Overall, the pilot study provided an efficient testing of feasibility of different data collection 

and analysis methods that can be applied to the investigation of physical activity and social 

interaction in residential neighborhoods. The next sections will describe in detail data 

collection and analysis methods utilized in this study.  

 

4.4. DATA COLLECTION METHODS 

This study utilized three methods for data collection: spatial analysis of PUDs, behavior 

mapping and community survey.  Figure 4-5 displays these three data collection methods in 

relation to the conceptual framework of the research. 

 

 

Figure 4-5 Data collection methods 
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4.4.1. Spatial Analysis 

Since the main spatial variable in this research, site design, was studied through amenities 

and site layout, spatial data related to both of these variables was necessary. Data related 

to amenities in PUDs, such as amenity types and quantities, locations of the amenities; and 

data related to site layout of PUDs, such as connectivity, integration, and intelligibility, was 

gathered through three different methods: archival documents, site observations, and 

syntactical analysis. 

 

4.4.1.1.  Archival Documents 

Archival documents mostly came from planning departments’ rezoning archives. These were 

PUD proposal statements, master plans, aerials and other information related to the site 

design of the PUD, such as number of households, housing types, development phases etc. 

Most of this information was collected during case selection in the formation of the 

candidate PUD pool. 

 

4.4.1.2. Site Observations 

A PUDwide inventory was done in each PUD to record any possible changes and/or 

additions to the site plans. Pedestrian ways that were not shown in the site plans, semi-

fixed features in amenities such as benches, landscaping elements, and vacant housing 

units were recorded. After updating the site plans according to this information, PUDs’ 

amenity inventories were recorded in GIS.  

 

4.4.1.3. Syntactical Analysis 

Using the aerial maps and updated site plans, axial maps (Hillier, 1996) of PUDs were 

developed. A set of principles was determined for developing the axial maps. First, the 

common longest visibility and smallest number of lines principle was used (Hillier, 1996). 

Second, the axial maps would be drawn according to a “pedestrian” view, which implies the 

inclusion of all designed and naturally created paths. All the main roads, side roads, alleys, 

trails and other pedestrian paths were used in drawing the axial map. Third, the PUDs were 

considered as a system of their own. Since all the PUDs were in a larger urban grid, where 

to stop drawing the axial lines was a question. For this reason, axial maps were drawn by 

covering entire PUD and going three syntactical steps outside the PUD system.  Finally, 

Space Syntax software, Axwoman V3.0, was used to develop connectivity, global integration 

and local integration maps.  

 

The conventional axial map color coding method, which ranges from blue to red, was used 

for symbology. Whereas blues represented more segregated or disconnected axes, reds 
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represented more integrated or connected axes. Percentiles were used in defining low 

integration and high integration classes.  

 

Using the integration and connectivity values a regression modeling was done that would 

yield the intelligibility plots and values for PUDs. Numerically, intelligibility of a system is the 

Pearson’s r coefficient value of the regression line between global integration and 

connectivity. If axial lines in the PUDs that were more connected were also more integrated, 

the system would be more intelligible resulting in higher intelligibility values. This procedure 

yielded a single value for each PUD, the intelligibility value, which would help to 

quantitatively identify site layout differences of the four cases. 

 

4.4.2. Behavior Mapping 

Behavior mapping is a method of non-obtrusive systematic observation of human activity. 

Systematic observation procedure requires a defined time schedule and defined route. For 

this purpose, an extensive time schedule was developed. The main goal was to objectively 

observe outdoor activity in each PUD over different times of the day and week that would 

yield representative outdoor activity patterns for each PUD.  

 

For each PUD, a route map was created to be followed in each observation cycle. Since 

covering all neighborhood area by one observant would take very long time, and thus, 

would result in undesired time sampling differences across PUDs, mapping was done while 

driving. Rather than the conventional mapping while walking, while someone was driving 

the car slowly (approximately 10miles/hour) through the defined route, the researcher 

recorded all outdoor activity using traditional paper/pencil method from the front passenger 

seat. 

 

The place of the activity, user type (woman, man, teen, child), and the type of activity were 

recorded. For each cycle, start time, end time, date, weather, and special conditions were 

also recorded. Each PUD was observed on Wednesdays and Thursdays as representatives of 

weekday outdoor activity, and Saturdays and Sundays as representatives for weekend 

outdoor activity. A total of 10 cycles for each PUD was done, which overall yielded 

approximately eight hours of observation per PUD.  Observation times were also scheduled 

in shifting order so that each PUD would have a series of observations collected over 

different times of day. 
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4.4.3. Community Survey 

A mail-in mail-back survey kit was designed and used to collect information on physical and 

social activity patterns, perceptions and evaluations of residents in each PUD. The self-

administered survey kit was composed of two main sections: a standardized questionnaire 

section and a visual activity mapping section. The standardized questionnaire section had 

five main parts: neighborhood social environment, neighborhood satisfaction, physical 

activity patterns, neighborhood physical environment, and individual profile. 

 

4.4.3.1. Neighborhood Social Environment 

The first part of the community survey used a neighborhood social environment index 

consisting of eight questions evaluating attraction-to-neighborhood and neighboring 

behavior of residents. This index was a shorter version of the sense of community index 

developed by Buckner (1988) and was formed from the questions that pertain only social 

interaction. Residents evaluated the eight statements indicating their agreement level in a 

five-point ordinal scale: strongly disagree, agree, neutral, agree and strongly agree. The 

eight statements in this part were on (1) overall attraction to the neighborhood, (2) visiting 

neighbors in their homes, (3) desire to move out from the neighborhood, (4) consulting 

someone in the community if needed advice, (5) borrowing things and exchanging favors 

with neighbors, (6) planning to reside in the community for a number of years, (7) rarely 

having neighbors over the house to visit, and (8) stopping and talking with people in the 

neighborhood.  Among these eight statements, number three, the intention to move out of 

the neighborhood, and number seven, rarely having neighbors over the house to visit, were 

coded inversely to make up the index. 

 

4.4.3.2. Neighborhood Satisfaction 

The second part of the community survey was about the residents’ satisfaction with 

different aspects of the neighborhood physical environment. This part was developed based 

on the second section of Neighborhood Quality of Life Survey (NQLS (Neighborhood Quality 

of Life Study), 2005).  In this part, 16 questions were asked about satisfaction with different 

neighborhood characteristics, and one final question measured overall satisfaction with the 

neighborhood. All the questions were in a five-point ordinal scale (strongly disagree, 

disagree, neutral, strongly agree, and strongly disagree).  

 

In this section of the survey, residents assessed different neighborhood characteristics by 

indicating their satisfaction with different amenity categories in terms of their availability, 

quality, and accessibility in their neighborhood.  Amenity categories that were assessed 

were food stores and restaurants; community centers and clubhouses; parks, playgrounds 
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and open green spaces; sports areas; and trails. Also, availability and quality of pedestrian 

facilities such as sidewalks, pedestrian crossings; easiness and pleasantness of walking and 

biking in the neighborhood were included in this section. Perception of safety, neighborhood 

as a good place to raise children, and neighborhood as a good place to live were the items 

evaluated in this section. Finally, the residents were asked to report their overall satisfaction 

with their neighborhoods.  

 

Because this section of the survey first asked about item based satisfaction followed by 

overall satisfaction (part-to-whole effect), with respect to respondents’ cognitive processes, 

the respondents were considered to report their overall satisfaction depending on the items 

they already assessed before  (Schwarz, 1991; Sudman and Bradburn, 1982). 

 

4.4.3.3. Physical Activity Patterns 

The third part of the standardized questionnaire was on physical activity patterns of 

residents.  For this purpose, Behavioral Risk Factor Surveillance System (BRFSS) 2005 

questions on physical activity were used with slight modifications needed to minimize 

respondent burden and get information on place of activity (USDHHS, 2005). Thus, rather 

than asking two separate sets of questions on moderate- and vigorous-intensity physical 

activity, one combined section was used that asked for at least moderate level physical 

activity.  

 

Objective observations through behavior mapping had shown that in all four of the cases 

vigorous intensity activities, excluding gardening, comprised less than 2% of all 

observations. Due to its highly fluctuating intensity, gardening does not present any 

established consistency in intensity (Armstrong et al., 2000), and therefore, was excluded in 

this work’s calculations. Due to very low occurrence of vigorous level activities in all four 

PUDs, combining two intensity levels in one question was more useful in term of reducing 

respondents’ burden and, thus, increasing the survey response rate.  

 

The respondents were first given basic definitions of moderate and vigorous physical activity 

and then were asked whether in a usual week they did any moderate or vigorous level 

activities for at least 10 minutes at a time. Ten minutes was the minimum requirement for a 

session or bout of physical activity to have health benefits and thus considered as the 

minimum duration per session (USDHHS, 1996). The respondents reported their answers as 

yes or no. If they answered yes, they were asked to report the number of weekly sessions 

they engaged in a usual week in at least moderate intensity levels, and duration per session 

according to four main place categories. The four main place categories were in-
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neighborhood/outdoors, in-neighborhood/indoors, out-of-neighborhood/outdoors, and out-

of-neighborhood/indoors. The separation of physical activity participation according to these 

four main place categories was important to obtain information on both overall physical 

activity patterns of the individuals and their spatial distributions. 

 

 If the respondents engaged in any type of “at least moderate level physical activity for 

more than 10 minutes at a time in their neighborhood outdoors”, they were asked to report 

the type of the activity. A checklist of 14 activity options were given to remind respondents 

the activities they may have engaged. The checklist was created using BRFSS activity types, 

“Physical activities according to their intensities” list and the activity types observed during 

behavior mapping (USDHHS, 1999). The checklist comprised four walking types (walking to 

get from place to place, walking for exercise, walking for leisure, walking the dog), 

bicycling, running/jogging, rollerblading/skating, swimming, gardening/yard work, playing 

with the kids, car/house maintenance, playing sports and two blank categories for activities 

other than these. 

 

In the last part of this section, activities residents engaged within and around their 

properties as a part of their everyday lives were investigated. Respondents indicated where 

they spent the majority of their time in a usual week when they were outside, by selecting 

all of the options that applied among the six categories given. These categories were in 

front, on porch in front, at back, on porch at back, at side, and on porch at side. They were 

also asked to specify which activities they engaged in by selecting from a list of six 

activities. These six activities listed were playing with the kids, playing with pets, gardening, 

car maintenance, house maintenance, resting/sitting and two blank other option where they 

could specify other activities they engaged in. These activity categories were formed 

depending on the activity types observed in and around the properties during behavior 

mapping.  

 

4.4.3.4. Neighborhood Physical Environment 

In the fourth part of the questionnaire, perceptual attributes of the neighborhood physical 

environment were investigated. Residents were asked to evaluate six different aspects of 

their neighborhood physical environment which were thought to be linked to physical 

activity and walking behavior (Rodriguez, 2005). Given statements for each aspect, the 

respondents were asked to indicate their agreement in a five-point ordinal scale: strongly 

disagree, disagree, neutral, agree, and strongly agree. The statements assessed (1) the 

hilliness of the streets in the neighborhood, (2) presence of alternate routes for walking, (3) 
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attraction of surroundings while walking, (4) level of traffic along the street, (5) night-

lighting  of streets, and (6) perceived safety for children.  

 

4.4.3.5. Individual and Household Profile 

The fifth part of the questionnaire was designed to understand individual and household 

profile of residents. Information on respondents’ sex, age, house ownership, number of 

people living in the household, number of children living in the household, children’s means 

of transportation to school, and respondents’ occupation was collected. 

 

Following the fifth part, an optional section (the sixth part) for additional comments and 

opinions was also included in the questionnaire to cover any other information the 

respondent might want to mention. 

 

4.4.3.6. Activity Mapping 

The final part of the community survey was the mapping section, which followed the 

standardized questionnaire sections. Respondents were given a map of their PUDs (printed 

on 11X17 size paper) along with two colored markers and three different sets of colored 

stickers. They were asked three sets of questions. First, using the markers and one set of 

stickers they were asked to write down up to five activities they engaged in a usual week 

and show the place or route of the activity on the map. Second, using the other two sets of 

stickers, they were asked to show up to three places they liked and disliked with their 

reasons. Third, using the other colored marker, they were asked to show their favorite 

routes with their reasons. The main purpose of this section was to collect qualitative data 

on neighborhood space use patterns and the perceptions of the neighborhood environment. 

Within the framework of this study, this section was only thought to provide supplementary 

data to help answer the main research questions. 

 

4.4.3.7. Respondent Sampling for Community Survey 

To determine the households where the survey kit would be mailed, 150 residents were 

randomly selected from each PUD using a random selection script in GIS. The random 

selection enabled an aggregation of the data from individuals in PUDs without sampling 

biases.  

 

The respondents were sent the survey kit composed of a cover letter, standardized 

questionnaire, mapping section, two color markers, and a sheet of color stickers, and a pre-

paid return addressed envelope. The attached cover letter gave information about the 

present research and asked one adult (over 18) from the household to participate. In order 
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to increase response rate, for each PUD two $40 gift cards from Target were offered. All the 

respondents who filled in the survey kit and sent back by the stated deadline would be 

included in a lottery to win one of the gift cards.  

 

4.5. DATA ANALYSIS 

The next sections will explain the procedure followed in analyzing spatial analysis data, 

behavior mapping data, and community survey data. 

 

4.5.1. Spatial Analysis 

Spatial analysis data collected through planning documents, site observations, and 

syntactical analysis software (Axwoman V3) were combined in Geographic Information 

Systems (GIS) software. For each neighborhood, a separate map file that contained the 

data related to the neighborhood content (in terms of neighborhood amenities) and 

configurational properties (in terms of neighborhood layout) was created. 

 

Developed integration maps were analyzed in terms of integration values and shape of the 

integration core. Using the map, integrated and segregated areas, and their dispersion 

throughout the neighborhood was identified. Using these maps, neighborhood content was 

visually analyzed in relation to the layout (such as where amenities were located in relation 

to the most integrated core of the neighborhood system).  

 

Using GIS and SAS, amenity content and intelligibility values of the cases were analyzed in 

relation to behavior mapping and community survey data. Overall intensity of outdoor space 

use (behavior mapping data) and physical activity and social interaction levels (community 

survey data) were analyzed using amenity content categories (recreational amenities only 

and recreational and utilitarian amenities) and intelligibility values of the PUDs. Overall 

patterns of spatial content and layout of the neighborhoods related to activity levels within 

the neighborhood was sought.   

 
4.5.2. Behavior Mapping 

Behavior mapping data collected through direct observation of neighborhood activity in 10 

different cycles were entered in Geographic Information Systems (GIS) software. For each 

observation the activity type, user type, day of week, date, begin time, end time, and 

weather attributes were entered and linked to the place of the activity. For each cycle, a 

separate shapefile layer was formed. Finally, the 10 shapefiles resulting from 10 observation 

cycles were combined to have the “overall behavior map” for each PUD. 
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Using the combined shapefile data, several queries were made using the attributes, and 

related maps were developed using the same symbology for each PUD.  This process 

yielded two different types of output maps. The first one was to display the overall intensity 

of use in each PUD according to user types and locations. The second one was to display 

different activity types and their locations within each PUD. The spread and intensity of use 

was analyzed by looking at patterns within and across PUDs.  

 

After spatially analyzing outdoor space use in each PUD, quantitative analyses were made 

using total number of observations, activity types, and their locations. Four different types 

of quantitative analysis were done. First, activity categories for each PUD were developed 

according to the activities observed and their frequencies were calculated. Second, similar 

analysis was done using place of activity as the main categorization criteria. Third, both 

activity type and place of activity were taken into consideration. For each PUD, a 

comprehensive observation matrix was developed using the activity type and place of 

activity categories with the help of several GIS queries. Using cell values, bar graphs were 

developed for each PUD showing frequency and percentage of observations per activity 

types, places and combination of the two. Fourth, activity variation was investigated which 

took into consideration number of different activity types, rather than frequencies.  Finally 

this quantitative information for each PUD was compared across the others and similarities 

and differences were sought. Inferences to theoretical PUD site design categories were 

made. Detailed recording of every observation during behavior mapping (such as place and 

clear description of activity) was an advantage in the reliability of categories across PUDs.  

 

Other than the simple measure using total number of observations, some adjustment 

techniques were employed to get comparable behavior mapping activity scores. Number of 

households in the PUD and number of people living in the PUD were used to adjust 

behavior mapping data. Total number of observations divided by total number of 

households and total population in the PUD were used to identify the total activity score for 

each PUD. Scores were developed for other activity categories using a similar approach. 

These scores were compared across PUDs and in relation to their spatial characteristics 

especially their intelligibility values identifying their layout differences. 

 

4.5.3. Community Survey 

4.5.3.1. Physical Activity Patterns 

Physical activity participation, physical activity level and physical activity types were 

analyzed for identifying physical activity patterns. 
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Physical activity participation: The residents who did not participate in at least moderate 

level physical activity for at least 10 minutes a bout was considered sedentary.  

 

Physical activity levels: Physical activity levels in terms of frequency and duration was 

analyzed in three ways. First, average weekly total time for physical activity was analyzed 

across PUDs. Weekly total physical activity time for each respondent was calculated using 

the number of sessions and duration of each session. Statistical analysis using Statistical 

Analysis Software (SAS) was done to identify the differences of mean weekly physical 

activity times across PUDs. Total physical activity time and time spent only in neighborhood 

outdoors were compared across PUDs.  

 

Since analyzing raw physical activity time is not considered reliable, a more common 

analysis method, categorical analysis of physical activity levels of residents, was also 

performed (Matthews, 2002). Categorical analysis utilized the Surgeon General’s “physical 

activity recommendation for health benefits” criteria, which was engaging in “moderate 

intensity physical activity for at least five times a week and 30 minutes in each session”, or 

“vigorous intensity physical activity for at least three times a week and 20 minutes in each 

session”; and checked whether a respondent met the recommended level or not.  Since the 

main focus of this research was daily life physical activity, which related to moderate 

intensity physical activity more than vigorous intensity physical activity, rather than separate 

analysis combined analysis of “at least moderate level” physical activity was used.  Also, 

findings from behavior mapping and community survey on physical activity types showed 

that respondents rarely engage in vigorous intensity physical activities, such as running and 

jogging compared to moderate intensity ones. For this reason, the definition for moderate 

intensity physical activity was taken in categorizing the respondents as “meet” or “do not 

meet” the Surgeon General’s recommendation. Proportions of individuals meeting the 

recommended physical activity levels were compared across PUDs using statistical tests for 

proportion comparison employed in SAS software. 

 

The third type of analysis of physical activity levels used again the categorical variables but 

this time respondents’ profiles were also taken into account. The main purpose of this 

analysis was to understand relative significance of environmental level variables and 

individual level variables when all of them were taken into account. For this purpose logistic 

regression models were built in SAS and compared to understand relative significance of the 

variables in physical activity levels of individuals. This analysis was done to understand 

whether the neighborhood site design or respondents’ profile were influential in differences 

in physical activity levels.  
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Places for physical activity: Information on places, frequencies and durations of physical 

activities that respondents engaged were gathered from the respondents that participated 

for at least 10 minutes at a time in moderate or vigorous physical activity. With the help of 

a 2X2 matrix of in- and out-of-neighborhood, indoors and outdoors, four different place 

categories were created and used to identify places of physical activities. Comparisons 

across PUDs were made to understand the places of physical activity. 

 

Physical activity types: Respondents who, in a usual week, participated in any type of 

moderate or vigorous intensity physical activity for at least 10 minutes at a time in their 

neighborhood outdoors were asked to indicate the type of activities they engaged in using 

the activity checklist given. Percentages of these different physical activities were analyzed 

both taking responses as a unit of analysis and taking respondents as a unit of analysis. 

PUD comparisons were made to understand whether activity types showed distinctions 

across PUDs. Using intelligibility values, neighborhood site design of the PUDs were then 

compared with the physical activity types reported by the respondents to see the 

associations. 

 

4.5.3.2. Activities around the Lot 

The activity percentages were obtained for each PUD according to the types of activities 

respondents engaged within and around their property to see whether any significant 

differences exist across PUDs. 

 

4.5.3.3. Neighborhood Physical Environment 

Six statements which were thought to be related to physical and social activity patterns 

were given to respondents to evaluate their neighborhood physical environment. 

Respondents disclosed their agreement level with each of these six statements using the 

ordinal five-point “strongly disagree, disagree, neutral, agree, and strongly agree” scale. For 

each strongly-disagree statement one point, for disagree two points, for neutral three 

points, for agree four points and for strongly-agree five points were given. The first and the 

fourth statement were in reverse order, and thus the corresponding points were given in 

reverse order. Finally, the sum of all six statement responses was taken and the average of 

this score was used as the “physical environment score” of the PUDs. PUDs’ physical 

environment score was compared using statistical tests. Specifically, t-tests and general 

linear modeling in SAS were used. Item based differences across PUDs were also 

investigated. 
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4.5.3.4. Neighborhood Social Environment 

Eight statements were given to respondents to evaluate their neighborhood social 

environment. Respondents disclosed their agreement level with each of these eight 

statements using the ordinal five-point “strongly disagree, disagree, neutral, agree, and 

strongly agree” scale. For each strongly disagree one point, for disagree two points, for 

neutral three points, for agree four points and for strongly agree five points were given. The 

third and the seventh statement were negative, and thus the corresponding points were 

given in reverse order. The first, the third, and the sixth statements related to the 

attraction-to-the-neighborhood and the average of the sum of these three statements were 

used to develop the attraction score. The second, fourth, fifth, seventh and eighth 

statements were related to neighboring and the average of the sum of thee five statements 

were used to develop the neighboring score. Finally, the sum of all eight statement 

responses was taken and the average of this score was used as the social environment 

score. PUD scores for attraction-to-neighborhood, neighboring, and social environment were 

compared using statistical tests, specifically t-tests and general linear modeling in SAS 

software were employed.  

 

4.5.3.5. Neighborhood Satisfaction 

In order to understand respondents’ satisfaction levels from different aspects of their 

neighborhood, a series of 17 statements were developed and given to respondents for 

evaluation. Using a five-point satisfaction scale, strongly dissatisfied, dissatisfied, neither-

satisfied-or-dissatisfied, somewhat satisfied, and strongly satisfied, the respondents were 

asked to indicate their satisfaction level. Whereas 16 statements referred to satisfaction 

from different aspects of neighborhood built environment, final statement asked for overall 

satisfaction with neighborhood environment. Responses given using the five-point 

satisfaction scale were scored from one (strongly dissatisfied) to five (strongly satisfied) and 

satisfaction index scores were developed for each PUD. First, the overall satisfaction scores 

were used in comparison of PUDs. Second, the average of scores given to the 17 

statements asked in this section was calculated. Both of these scores were compared across 

PUDs using statistical methods. Both t-tests and general linear modeling in SAS were 

utilized. 

 

Finally both behavior mapping and community survey results were compared to the results 

obtained from spatial analysis to see the match of the patterns across PUD cases. Overall 

comparisons of all the four PUDs, as well as pairwise comparisons as suggested in the 

previous chapter, were made. Possible explanations of similarities and differences across 

cases were sought. 
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CHAPTER 5 

 

 

 

5. FINDINGS: SPATIAL ANALYSIS 
In order to understand the influences of neighborhood site design on physical activity and 

social interaction, this study was conducted on four different cases, all in the Triangle area 

of North Carolina (Figure 5-1).  All of the four cases were residential PUDs developed from 

1990 to 2002. The PUD cases selected for this research were mostly or totally complete by 

the time of the research. All four cases were suburban PUDs with attached or detached 

single family housing units. This chapter describes the site characteristics in detail and 

reports the findings obtained from the spatial analyses. 

 

 

Figure 5-1 Locations of the cases studied within the Triangle area, NC 
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5.1. OVERVIEW OF THE SPATIAL CHARACTERISTICS OF THE CASES 

PUD1 and PUD4 were located in the southwest of the Triangle area, near Cary-Morrisville 

region, PUD2 was located in the west of the Triangle area, near Chapel Hill, and PUD3 was 

located in the north east of the Triangle area, near Durham (Figure 5-1). All the four PUD 

cases were in close proximity to schools and major highways.  

 

All of the four PUDs had either attached or detached single family housing units.  In 

addition to the single family units, PUD1 and PUD2 had multi-family housing units. All of the 

four PUDs had recreational amenities within their boundaries including parks, playgrounds, 

village green, open space, greenway, trail, sports areas, swimming pools, and clubhouses. 

However, only PUD2 had utilitarian amenities including restaurants, cafes, stores, school, 

daycare, offices, and church within its boundaries. PUD1 and PUD2 had more connected 

layout, while PUD3 and PUD4 had mostly disconnected layout with a greater number of cul-

de-sacs.   

 

Table 5-1 gives in detail the spatial characteristics of the four PUD cases studied where site 

characteristics, site amenities, site layout and sidewalk and parking patterns of the cases 

are shown side by side.  

 

Table 5-1 Spatial characteristics of PUDs 

  PUD1 PUD2 PUD3 PUD4 
total  area 370 acres 315 acres 495 acres 210 acres 
area of occupied single 
family residences 
(attached and 
detached) 

140 acres 175 acres 375 acres 186 acres 

housing types 

multi-family 
(apartments), single 
family attached 
(townhouses), single 
family detached in 
various sizes (small 
to large range) 

multi-family 
(apartments, 
condos), single 
family attached 
(townhouses), single 
family detached in 
various sizes (small 
to large range) 

single family 
detached units in 
various sizes (small 
to large range) 

single family 
detached units in 
various sizes (small 
to middle range) 

total # of occupied 
housing units 620 units 1175 units 990 units 606 units 

total # of occupied 
single family units 
(attached and 
detached) 

500 units 670 units 990 units 606 units 

minimum lot size 2000-3000 sq feet 
townhouses 

2000-3000 sq feet 
(townhouses) 

5000 sq feet 
(detached single 
family) 

5000  sq feet 
(detached single 
family) 

maximum lot size 
18000 to 20000 sq 
feet (single family 
detached) 

19000 to 21000 sq 
feet (single family 
detached) 

21000 to 28000 sq 
feet (detached 
single family) 

13000 to 14000 sq 
feet (single family 
detached) 

mean lot size 7011 sq feet 7130 sq feet 11020 sq feet 6907 sq feet 

median lot size 6306 sq feet 6544 sq feet 10112 sq feet 6891 sq feet 

SI
TE

 C
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R

A
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# housing units per 
acre (based on only-
residential areas) 

3.6 units per acre 3.8 units per acre 2.6 units per acre 3.2 units per acre 
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Table 5-1 (continued) 

  PUD1 PUD2 PUD3 PUD4 
recreational         

park 5 parks  6 parks none 7 parks 

playground 2 playgrounds 5 playgrounds 1 playground 1 playground 

village green/open space 

1 large village green 
in the center,  8 
small size open 
spaces 

1 large village 
green, 4 open 
spaces in various 
sizes 

several large open 
spaces,  some 
sections used for 
amateur golf  

1 medium-size open 
space by the pond 

greenway/trail 
1 trail/greenway in 
the neighborhood 
and lakeside 

1 greenway in 2 
main sections 

1 designated 
bike/walking path 
along the main 
driveway 

1 greenway goes 
through the 
neighborhood 

sports area 
2 tennis courts, 1 
beach volley court, 
and 1 play field 

6 tennis courts, 1 
soccer/ basketball 
field 

2 tennis courts, 1 
beach volley court none 

swimming pool 
1 larger, 1 smaller 
size 2 swimming 
pools 

1 larger, 1 smaller 
size 2 swimming 
pools 

1 swimming pool 1 swimming pool 

clubhouse 1 clubhouse 1 clubhouse 
1 clubhouse and 
community 
association office 

1 clubhouse 

utilitarian         

restaurant/café 2 cafes, 3 
restaurants none none 

commercial/store 

1 grocery store, 
several small stores 
including 1 
bookstore, 1 
membership gym, 
offices 

none none 

school/daycare 

A commercial area is 
designed in the PUD 
proposal (to include 
a daycare, 
retirement center, 
several stores of 
small sizes, cafes, 
restaurants etc) but 
none was built at 
the time of this 
research. 

1 elementary school 
and adjacent 
daycare 

none none 

SI
TE

 A
M
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church none 1 church none none 
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layout patterns 

Mostly connected 
street network.  
Claimed to be a neo-
traditional 
development. 

Mostly connected 
street network. 
Claimed to be a neo-
traditional 
development and 
considered as a 
showcase for smart 
growth. 

Mostly disconnected 
street network. 
Similar to 
conventional 
suburban 
developments with 
numerous cul-de-
sacs. 

Mostly disconnected 
street network. 
Similar to 
conventional 
suburban 
developments with 
numerous cul-de-
sacs. 

          

sidewalk patterns 

Sidewalks present 
on two or one side 
of the streets. In 
some areas alleys 
present connecting 
backside of the lots. 

Sidewalks present 
on two or one side 
of the streets. In 
some areas alleys 
present connecting 
backside of the lots. 

Sidewalk present on 
one side of the main 
driveway, no 
sidewalks on the 
smaller streets but 
still walkable. 
Frequent speed 
bumps on the main 
driveway. 

Sidewalk present on 
one side of the main 
driveway, no 
sidewalks on the 
smaller streets but 
still walkable. 
Median present on 
main driveway. 
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parking 
On street parking, 
garages on the back, 
garages on the side. 

On street parking, 
garages on the back, 
garages on the side. 

Garages on the side, 
on street parking. 

Garages on the side, 
on street parking. 
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The next sections will provide in detail the spatial characteristics for each PUD case studied 

under regional characteristics and neighborhood site design headings. Findings from 

syntactical analysis will be given for each PUD as well.  

 

5.2. FINDINGS FROM SPATIAL ANALYSIS: PUD 1 

5.2.1. PUD1: Regional Characteristics 

PUD1 was located in the west of Cary, near Morrisville. In the macro-scale, it had 

convenient access to highways and schools, as it was one mile from the nearest highway 

and 3.5 miles from the nearest school. The region where PUD1 was located was mostly 

residential with few commercial units. There was a car-wash place, and a shopping complex 

with a grocery store, a pharmacy, and a dry cleaning shop within a three mile distance from 

the PUD. Its proximity to the airport resulted in increased traffic in the area. 

 

5.2.2. PUD1: Site Characteristics 

The development covered an area of 370 acres. The area occupied by single family housing 

units was 140 acres.  The PUD accommodated a total of 620 residential units in various 

types including multi family (apartments, condos), single family attached (townhouses), and 

single family detached units of different sizes. Size of single family detached units ranged 

from small to large when compared to standard suburban development patterns.  

 

In accordance with the variation in sizes of the housing units, the lot sizes of single family 

units varied as well. The mean lot size was around 7000 square feet and the median lot size 

was around 6300 square feet. The minimum lot size was observed for townhouses with 

2000-3000 square feet and the maximum was observed for large single family detached 

units with 18000-20000 square feet. When multi family housing units were excluded and 

only single family housing units were considered, the number of housing units per unit 

residential area was 3.6 units per acre.  

 

In development request with the Planning Department of Town of Cary, it was stated that 

the PUD would be a pedestrian-friendly neo-traditional development. The presence of 

sidewalks on one or both sides of the streets and continuity of sidewalks throughout the 

neighborhood were among pedestrian-supporting characteristics of the design concept 

(Figure 5-2). Residential units with garages had those either on the side accessed from the 

street, or in the back accessed from the alley (Figure 5-2). Residents parked either in their 

own garage spaces or on the street (Figure 5-2). The following photos show examples from 

the street, alley, and sidewalk patterns in PUD1 (Figure 5-2). 
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Figure 5-2 Street, sidewalk, and alley patterns in PUD1 
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In its design concept, PUD1 had a well defined center in the form of an ellipse surrounded 

by residential units (Figure 5-3). The center was designed to accommodate most of the 

common use spaces of the PUD. Sports areas, village green, clubhouse, and commercial 

units were all designed within the ellipse zone and its adjacent areas (Figure 5-3). 

 

Development of PUD1 started in 1997 and by the beginning of 2002 more than 80% of all 

development had been completed. Almost all of the housing units and about 70% of the 

area in the center had been completed. In the center of PUD1, sports areas (two tennis 

courts and a mini beach volley court), clubhouse, swimming pool, and a large village green 

with a gazebo structure in the middle have been already built. However, the area adjacent 

to the elliptical center, that was designed to accommodate the commercial units, has not 

been developed yet. Even though the original development plan projected several buildings 

in this area, only one building was already built.  Except for a small section of this building 

which was occupied by a local drop-off drycleaner store, the building was vacant. Taken as 

a whole, by the time of this study, due to budget deficits and inability to find vendors to 

open new businesses, the commercial section of PUD1 yet was not developed. 

 

 

Figure 5-3  Site plan of PUD1 showing the amenities 

 (OS: open space, P: park, PL: playground, VG: village green, GW: greenway, PF: play field, 

SA: sports area, PO: pool, CH: clubhouse, future C: future commercial) 
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As a matter of fact, it is difficult to find neighborhoods with connected streets that do not 

have any utilitarian amenities. Due to the design schemes that designers and planners 

commonly use, neighborhoods designed with more-connected street patterns are also rich 

in amenities. This fact makes it harder to find cases to study that have connected layout 

and but no utilitarian amenities. Since PUD1 was in a stage where the commercial units had 

not been developed yet, it was a good opportunity to select this as one of the cases. 

 

Therefore, even though PUD1 was designed to have both utilitarian and recreational 

amenities; in reality, it only had recreational amenities such as parks, playgrounds, village 

green, open spaces, greenway/trail, sports areas, swimming pool, and  a clubhouse. In 

addition to the amenities in the center, PUD1 had five parks, two playgrounds, and eight 

green open spaces of various sizes distributed within its boundaries in between the 

residential units, and a greenway/trail that went around the pond and through the 

neighborhood (Figure 5-3). The following photos show these amenities (Figures 5-4 to 5-

11) 

 

 

 

Figure 5-4  PUD1 amenities: Sports areas in the central area of PUD1 

 

 

Figure 5-5  PUD1 amenities: Village green and the central area in PUD1 
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Figure 5-6 PUD1 amenities: Clubhouse (left) and tennis courts (right) 

 

    

Figure 5-7 PUD1 amenities: Pool (left) and the future commercial area (right) 

 

    

Figure 5-8 PUD1 amenities: Open spaces 
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Figure 5-9 PUD1 amenities: Open spaces between buildings (left) and playground (right)  

 

    

Figure 5-10 PUD1 amenities: Parks 

 

    

Figure 5-11 PUD1 amenities: Greenway 
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In terms of its layout, PUD1 demonstrated mostly a connected street pattern. However, due 

to its location within larger region, PUD1 had only three entrances/exits. Because of this 

feature, it was not well connected to the larger urban fabric which might be the case for 

most of the suburban PUDs or neighborhoods. 

 

The housing units were developed in clusters around the main center. Due to mostly 

connected street network, clusters adjacent to the center on two sides, east and west, were 

very well merged into the central area. On the west side of the center, there was a cluster 

of multi-family housing units that were almost completely segregated from the other 

housing units. In this multi family cluster, there was a large inner courtyard that all the 

two/three storey high multi-family housing units faced. The circulation cores to these units 

had their access through the courtyard. This cluster had connection with the other parts of 

PUD1 through passages located in the four sides. In the courtyard, there was a large 

parking and common facilities including a mailbox booth, a small scale playground for 

children, a small park, and a swimming pool facility for multi-family housing residents.  

 

On the east side of the center, right after the area of the future commercial units, single 

family housing units started. Charleston style units with side entrances comprised the 

boundary of the cluster facing the center. Following these, until the main entrance gate of 

PUD1, single family houses of middle sizes were located. In the north section of the east 

cluster, townhouses were located which were the smallest size single family units in PUD1. 

On the west side, after the multi-family housing cluster, single family housing units of 

middle and large sizes were located. Beyond this cluster, PUD1 had another cluster of single 

family houses of middle sizes. This last cluster was more separated from the center as well 

as from the other clusters.  

 

5.2.3. PUD1: Syntactical Analysis 

The axial map of the PUD was syntactically analyzed in Axwoman (V3) interface and 

connectivity, local and global integration maps of the PUD were developed.  PUD1 had 

global integration values ranging from 0.53 to 1.98 (Figure 5-12). The mean global 

integration was 1.10 and the median was 1.09. The mean connectivity value for PUD1 was 

4.36 and the mean local integration was 2.34. Table 5-2 shows the descriptive statistics for 

connectivity, global and local integration of PUD1. 
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Table 5-2 PUD1: Descriptive statistics of syntactical variables 

PUD1 mean std deviation min max median 

Connectivity 4.36 2.85 1.00 19.00 4.00
Local integration (integration-3) 2.34 0.92 0.21 5.28 2.29
Global integration 1.10 0.26 0.53 1.99 1.09

 

The integration core which was formed by top 10% of the axial lines with the highest 

integration values had global integration values between 1.45 and 1.98. The most 

integrated core was formed by axial lines located in three different areas. The first area, 

containing top integrated streets was the ellipse shaped center of the PUD1, around the 

large village green, clubhouse, swimming pool, and the sports area (Figure 5-12). The 

second area of the most integrated streets contained the west-east axis that connected the 

PUD center with the housing clusters located in the east and the west (Figure 5-12). The 

third area with the most integrated streets included north-south oriented streets that 

connected to the west-east axis (Figure 5-12). Especially, in the east housing cluster, 

streets and alleys around the area containing the townhouses were among the most 

integrated axes. In the global integration map (Figure 5-12) these lines are indicated by 

red. 
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Figure 5-12 PUD1 layout: Global integration map 

Even though the integration core was dispersed into three areas and thus was not 

concentrated in the same region within PUD1, areas of most integration axes were 

connected to each other. This characteristic implies that the integrated core expanded to a 

larger area of the PUD rather than being clustered in one area. In terms of shape, the 

integration core formed both a “wheel” and “spine” shape (Peponis and Wineman, 2002). 

The ring formed in the center extended into spine-shaped integrated streets in the east and 

the west wings. The integration core formed one larger ring. The area around the 

townhouses remained in spine shape failing to form a ring (a closed integration core circuit) 

that connected to the other areas of the integrated core.  In literature, ringiness of a 

system has been considered important in pedestrian activity and related social interaction 

formation (Hillier et al., 1993).  

 

The segregation core, formed by 25% of all axial lines with the lowest integration values, 

had global integration values ranging from 1.08 to 0.91. The segregated core was also split 

into three different areas. The southwest residential clusters formed the first area of the 

segregated zone. In the east, between the residential units with medium range integration 

values, a small segregated core could be observed. This area, an open space located in 

between residential units, did not have good connections with its surroundings and 

therefore failed to maintain as high integration level with its neighbors. The third area 

within the segregated core was the lakeside trail located in the south of PUD1.  In the 

global integration map these areas are indicated with dark blue. The segregated zone was 

mostly spread in the south of the PUD extending from east to west. Especially within the 

residential cluster in the west end, the streets were all segregated when the entire PUD 

system was considered. 

 

The intelligibility of PUD1 was computed by the simple linear regression of integration 

values on connectivity values. The r value of Pearson’s coefficient in this regression, 0.4891, 

was the intelligibility value of PUD1 (Table 5-3, Figure 5-13). 

 

Table 5-3 PUD1 layout: Intelligibility 

Simple linear regression results for PUD1 

Dependent Variable: CONNECTIVITY   

Independent Variable: INTEGRATION   

CONNECTIVITY = -1.53316 + 5.3433867 INTEGRATION 

Sample size: 242     

R (correlation coefficient) = 0.4891   
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Figure 5-13 PUD1 layout: Intelligibility 

 

5.3. FINDINGS FROM SPATIAL ANALYSIS: PUD 2 

5.3.1. PUD2: Regional Characteristics 

PUD2 was located in the southwest of Chapel Hill. In the macro-scale, the PUD had 

convenient access to highways and schools. It contained an elementary school within its 

boundaries and the nearest middle school was within two miles distance. The PUD was 

located near a major highway and was about 1.5 mile away from a major highway 

intersection. 

 

PUD2 accommodated a commercial center within its boundaries including a grocery store, 

several small retail shops, restaurants and coffeehouses.  In the commercial center, upper 

floors were utilized as office space. Due to its location by the highway, it faced a busy traffic 

passing by the neighborhood. Also presence of the commercial center and the school within 

its boundaries increased rush-hour in- and out- of-neighborhood traffic. 

 

5.3.2. PUD2: Site Characteristics 

The development covered an area of 315 acres. The area covered by occupied single family 

housing units was 175 acres.  The PUD accommodated a total of 1175 residential units in 

various types including multi family (apartments, condos), single family attached 
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(townhouses), and single family detached units of different sizes. Single family detached 

unit sizes ranged from small to large compared to standard suburban development 

patterns.  

 

In accordance with the variation in sizes of the housing units, the lot sizes of single family 

units varied. The mean lot size was around 7000 square feet and the median lot size was 

around 6500 square feet. The minimum lot size was in townhouses with 2000-3000 square 

feet and the maximum was in large single family detached units with 19000-21000 square 

feet. When multi-family housing units were excluded and only single family housing units 

were considered, the number of housing units per unit residential area was 3.8 units per 

acre.  

 

PUD2 was a neo-traditional development shown as showcase of smart growth by “new 

urbanism” supporters. The planning and design concept therefore emphasized pedestrian 

activities and claimed to promote diversity through the various housing types offered. 

Sidewalks were present on both sides of the streets and were mostly continuous within the 

neighborhood. Houses had either garages accessed from front, or back garages accessed 

from alleys. Residents parked either in their individual garages (if they had one) or on 

street. The following photos show examples of street, sidewalk, alley patterns present 

within PUD2 (Figure 5-14). 
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Figure 5-14 Street, sidewalk, and alley patterns in PUD2 

The design concept of PUD2 was a geometrically well defined oval center surrounded by 

residential units (Figure 5-15). The center was designed to accommodate commercial units 

and office spaces. Commercial units, including restaurants, cafes, retail shops, a grocery 

store, and a membership gym, were located around the main village green that defined the 

PUD center. This area also housed a church, office space and a movie theater. The school 

and daycare were also located in close proximity to the center.  
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Figure 5-15 Site plan of PUD2 showing the amenities 

(OS: open space, P: park, PL: playground, VG: village green, GW: greenway, SA: sports 

area, PO: pool, CH: clubhouse, U: utilitarian) 

 
PUD2 started construction in 1995 and by the beginning of 2002 all of the development had 

been completed. PUD2 had both utilitarian and recreational amenities within its boundaries. 

The utilitarian amenities were three restaurants, two cafés, one fresh food store, one 

membership gym, one movie theater, one school, one daycare, and one church.  

Recreational amenities of PUD2 were six parks, five playgrounds, one large village green, 

four open spaces in various sizes, one greenway in two main sections, six tennis courts, one 

soccer/basketball field, one clubhouse, and two swimming pools (one smaller and one 

larger size). Whereas the utilitarian amenities were located in the center, recreational 

amenities were mostly distributed throughout the neighborhood except for the village 

green, which was also in the center (Figure 5-15). The following photos show these 

amenities (Figures 5-16 to 5-19). 
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Figure 5-16 PUD2 amenities: Stores and restaurants (left), office spaces (right) 

 

    

Figure 5-17 PUD2 amenities: Outdoor seating in the commercial area in front of the stores 

 

    

Figure 5-18 PUD2 amenities: School and daycare (left), coffee shop (right) 
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Figure 5-19 PUD2 amenities: Playground 

   

In terms of its layout, PUD2 showed a mostly connected street pattern. When its 

connections to the larger urban fabric were considered, PUD2 had only three 

entrances/exits. Therefore, just like PUD1, PUD2 was not very well connected to the larger 

urban fabric, which was similar to most suburban development patterns. 

 

The housing units were developed in four main clusters around the center (Figure 5-15). 

Due to mostly connected street network, two clusters adjacent to the center on two sides, 

north and east, were very well merged into the central area. On the east side of the center, 

multi-family housing units were located. In this area, there was a small swimming pool and 

a small scale playground designed for multi-family residents. Townhouses were located on 

the north of the center, while small size single family housing units started in the northern 

section of the townhouses. To the north east, a cluster with mixed housing types 

accommodated small, medium, and large scale single family attached and detached units. 

This cluster was rich in recreational amenities and offered one medium-to-large sized park, 

four smaller parks, and one playground dispersed within the residential units. Also, there 

was a corner coffeehouse within this cluster which had been closed for service for a period 

of time and then reopened. 

 

The other two clusters, in the west and in the north, were less incorporated to the central 

core and the surrounding clusters (Figure 5-15). Between these two clusters, the one in the 

west was formed by medium to large size single family housing units. Even though they did 

not have their separate amenities, these residents lived in close proximity to the village 

center. The other cluster, located in the northwest section of PUD2 was the largest cluster 

in terms of both area and number of housing. This cluster had two subsections: one cluster 

with a long cul-de-sac and large-sized single family houses, and one with more connected 

street network pattern and mixed housing types ranging from row houses to single family 

detached units of middle size. The area between this northwestern cluster and the village 
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center environs accommodated the sports areas and the clubhouse of PUD2. There were 

tennis courts, a pool, soccer/basketball field, and a clubhouse in this area.  

 

5.3.3. PUD2: Syntactical Analysis 

The syntactical analysis of the axial map of PUD2 was performed using Axwoman (V3) 

software. Local and global integration, and connectivity of PUD2 was computed and 

associated maps were developed. PUD2 had global integration values ranging from 0.41 to 

1.36 (Figure 5-20). The mean global integration was 0.86 and the median was 0.85. The 

mean connectivity value for PUD2 was 3.52 and the mean local integration was 2.03. The 

descriptive statistics of these syntactical variables are displayed below in table 5-4. 

 

Table 5-4 PUD2: Descriptive statistics of syntactical variables 

PUD2 mean std deviation min max median 

Connectivity 3.52 1.94 1.00 13.00 3.00
Local integration (integration-3) 2.03 0.84 0.21 5.09 1.96
Global integration 0.86 0.19 0.42 1.37 0.85

 

 

The integration core, which was formed by top 10% of the axial lines with the highest 

integration values, had global integration values between 1.13 and 1.36. The most 

integrated core was formed by axial lines located in three different areas and linked to each 

other. First area of the top integrated streets was the oval shaped PUD center, around the 

village green and commercial area with mostly utilitarian amenities. The theory of natural 

movement suggests (Hillier et al., 1993) that amenities located in the integrated core of a 

system would create a multiplier effect on pedestrian movement. Whereas the configuration 

of streets in these areas generates movement, amenities take advantage of these locations 

and create an enhanced effect on pedestrian movement amplifying movement intensities.  

 

Amenities located in segregated areas, however, fail to attract that many users. In 

accordance with this theory, PUD2 village center located in the integrated zone was 

expected to have a multiplier effect on the pedestrian movement in the neighborhood. This 

was valid especially for stores, restaurants, cafes, village green, and the movie theater 

located in the most integrated core. Second area with the most integrated streets was the 

northwest of the central core, around the townhouses and single family houses of small 

sizes. The northward and northwestward axes going out of the village center towards the 

residential clusters formed this area with integrated streets. The third, and the last area, in 

the integration core was defined by the two entrances to the largest residential cluster 
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located in the northwest sector of PUD2. In the global integration map (Figure 5-20) these 

lines are indicated by red.  

 

Even though the integration core was dispersed into three areas, the sections were 

connected to each other and formed a certain continuity in the integration core (Figure 5-

20). This characteristic denotes that the integrated core expanded to a larger area in the 

PUD rather than being clustered in one region. In terms of shape, the integration core 

formed both a “wheel” and “spine” shape. The half ring formed in the center extended into 

the northward streets in the spine shape. On the larger scale, these spine shaped axes in 

the integration core formed one larger ring. The area, which connected the clusters around 

the center to the largest residential cluster in the northwest, showed spine pattern failing to 

complete a ring (a closed integration core circuit). 

 

 

 

Figure 5-20 PUD2 layout: Global integration map 
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The segregation core, formed by the 25% of all axial lines with the lowest integration 

values, had global integration values ranging from 0.41 to 0.72. The segregated core was 

split into four different areas. The northwest residential clusters formed two of the areas of 

the segregated zone. The cul-de-sac street containing single family houses of large sizes 

formed one of the segregated areas. The north sections of the largest residential cluster, 

located in the northwest sector of PUD2, were in the segregation core and formed the 

second area. This area comprised mostly middle sized lots and single family housing units. 

The only amenity in this residential cluster, a small park, was also located in the segregated 

core. The third area within the segregated core was the easternmost section of the 

northeast residential cluster. The segregated core in this area was smaller in size and 

spread compared to the first two areas. This area consisted mainly of large size lots with 

larger single family housing units. The fourth, and the last area, of the segregation core was 

in the eastern section of PUD2 and consisted of the multi-family housing units. The size of 

the segregation core here was smaller compared to the other three areas. In the global 

integration map these areas are indicated with dark blue. Overall, the segregated zone was 

mostly near the outward edges of PUD2 system (Figure 5-20).  

 

The intelligibility of PUD2 was computed by simple linear regression of integration values on 

connectivity values. The r value of Pearson’s coefficient in this regression, 0.535, was the 

intelligibility value of PUD2 (Table 5-5, Figure 5-21). 

 

 

Table 5-5 PUD2 layout: Intelligibility 

Simple linear regression results for PUD2 

Dependent Variable: CONNECTIVITY   

Independent Variable: INTEGRATION   

CONNECTIVITY = -1.0855749 + 5.3553424 INTEGRATION 

Sample size: 328     

R (correlation coefficient) = 0.535   
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Figure 5-21 PUD2 layout: Intelligibility 

 
5.4. FINDINGS FROM SPATIAL ANALYSIS: PUD 3 

5.4.1. PUD3: Regional Characteristics 

PUD3 was located in the southeast of Durham. At the macro-scale, the PUD had convenient 

access to highways and schools. Nearest school was within 0.5 mile, the nearest highway 

was within 0.5 mile, and an intersection of two major highways was within 2.5 miles 

distance of PUD3. The region where PUD3 was located was mostly residential with a small 

number of nearby commercial units. There was a small shopping complex accommodating a 

pharmacy, a restaurant, a fast food place and a gas station within 0.7 mile distance from 

the neighborhood. Its proximity to a major highway intersection made the traffic in the 

surrounding of the neighborhood busier than average. 

 

5.4.2. PUD3: Site Characteristics 

The development covered a total area of 495 acres while the occupied single family housing 

units covered the majority of 375 acres.  The PUD accommodated a total of 990 residential 

units all of which were single family detached houses of various sizes. These units’ sizes 

ranged from small to medium and to large compared to standard suburban development 

patterns. Due to size variations in housing units, lot sizes also varied. The mean lot size was 

around 11000 square feet and the median lot size was around 10000 square feet. The 

minimum lot size was seen in small size single family detached units with 5000 square feet 

and the maximum lot size was seen in large size detached single family units with 21000 to 



 94

28000 square feet. When only area occupied by residential units was considered, the 

number of housing units per unit residential area was 2.6 units per acre.  

 

PUD3’s planning and design characteristics showed a pattern similar to conventional 

suburban developments with inclusion of several amenities for residents’ use. Sidewalks 

were present on one side on the main driveway that went through the neighborhood. There 

were frequently placed speed bumps on the main driveway as a precaution to reduce traffic 

speed. On side streets within the residential clusters, there were no sidewalks. Since the 

traffic on these side streets was not heavy, despite the absence of designated sidewalks, it 

was walkable. Individual garages of residential units were mostly used for parking in PUD3. 

However, on street parking was also allowed and sometimes utilized by visitors or by 

households with extra vehicles but smaller garage spaces. Following photos show examples 

from streets and sidewalks in PUD3 (Figures 5-22 and 5-23). 

 

 

    

    

Figure 5-22 Street and sidewalk patterns in PUD3 
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Figure 5-23 Street and sidewalk patterns in PUD3 

 

PUD3 was formed by a long winding driveway and residential clusters attached to it from 

both sides (Figure 5-24). The long driveway was crossed by a major street which divided 

the neighborhood into two main sections, as northeast and southwest sections. Whereas 

the southwest section accommodated the amenity core of PUD3, the northwest section 

accommodated large green open spaces (Figure 5-24). 

 

Development of PUD3 started in 1996 and by the beginning of 2002 more than 95% of the 

PUD had been completed. When this research started, only, a small residential cluster in the 

north part of the southwest section was still under construction. PUD3 had only recreational 

amenities within its boundaries. The recreational amenities of PUD3 were one playground, 

two tennis courts, one beach volley court, one swimming pool, one clubhouse and 

community association office, one designated bikeway/walking path, and several large open 

spaces. Most of these amenities (playground, swimming pool, clubhouse and community 

association office, tennis courts and beach volley courts) were located in the amenity core 

(Figure 5-24). The bike/walking path went along the main driveway in the southwest 

section of PUD3. Large open spaces were located in the northeast section and were mostly 

used for amateur golf (Figure 5-24). The following photos show these amenities (Figures 5-

25 to 5-29). 
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Figure 5-24 Site plan of PUD3 showing the amenities 

(OS: open space, P: park, PL: playground, SA: sports area, PO: pool, CH: clubhouse) 

 

 

    

Figure 5-25 PUD3 amenities: Clubhouse (left) and pool (right) 
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Figure 5-26 PUD3 amenities: Tennis courts (left) and beach volley court (right) 

 

    

Figure 5-27 PUD3 amenities: Playground (left) and bikeway (right) 

 

    

Figure 5-28 PUD3 amenities: Bikeway (left) and open spaces (right) 
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Figure 5-29 PUD3 amenities: Open spaces  

        

In terms of its layout, PUD3 had a mostly disconnected street pattern. When its connections 

to the larger urban fabric were considered, PUD2 had only four entrances/exits: two exits in 

the two ends of the main driveway and two entrances at the intersection of the main 

driveway with a major highway. Therefore, just like PUD1 and PUD2, PUD3 was not very 

well connected to the larger urban fabric similar to most suburban residential developments. 

 

The northeast section of PUD3 was mostly comprised of cul-de-sac streets connected to the 

main driveway. In this section, there were 11 residential clusters in cul-de-sac pattern all of 

which housed middle to large scale residences. In between these residential clusters, 

several large open spaces were located. These open spaces were large green areas with no 

specific design features and therefore mostly utilized for small scale amateur golf. In the 

southwest section of the PUD, there were nine residential clusters, five of which were 

entirely formed by cul-de-sacs. The other four clusters were more connected to both the 

main driveway and to other clusters. In the southwest section there were all small, medium, 

and large scale houses. Since all amenities in this section were located in the amenity core, 

there were no amenities within the residential clusters (Figure 5-24). 

 

5.4.3. PUD3: Syntactical Analysis 

The syntactical analysis of PUD3 was performed using the axial map in Axwoman (V3) 

interface. The global integration, local integration, and connectivity maps were developed. 

PUD3 had global integration values ranging from 0.27 to 0.64 (Figure 5-30). The mean 

global integration was 0.43 and the median was 0.42. The mean connectivity was 2.38 and 

the mean local integration was 1.36. Table 5-6 shows the descriptive statistics related to 

these syntactical measures. 
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Table 5-6 PUD3: Descriptive statistics of syntactical variables 

PUD3 mean std deviation min max median 

Connectivity 2.38 1.00 1.00 6.00 2.00 
Local integration (integration-3) 1.36 0.62 0.21 3.13 1.27 
Global integration 0.43 0.09 0.28 0.64 0.42 

 

The integration core which was formed by top 10% of the axial lines with the highest 

integration values had global integration values between 0.55 and 0.65. Unlike PUD1 and 

PUD2, the most integrated core was concentrated in a single area. Middle sections of the 

main driveway connecting the residential clusters and several side streets penetrating out of 

it formed the most integrated core. These side streets, which were in the integrated core 

and perpendicular to the main driveway, were mostly located in the southwest section of 

PUD3. In the global integration map (Figure 5-30) these lines are indicated by red. 

 

 

 

 

Figure 5-30 PUD3 layout: Global integration map 
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In terms of shape, the integration core was in the shape of spine rather than wheel, and 

thus no ring shaped integration circuits could be found (Figure 5-30). The amenity core of 

PUD3 was located in the integration core which was a quality capable to enhance 

pedestrian movement according to the theory of natural movement (Hillier et al., 1993). 

Even though the location of amenity core has potential to contribute to increased pedestrian 

movement in the integration core, it should be noted that absence of rings circulating 

pedestrian movement may hinder it.  

 

The segregation core, formed by 25% of all the axial lines with the lowest integration 

values, had global integration values ranging from 0.41 to 0.72. The segregated core was 

split into three different areas all located in the end sections of the main driveway forming 

the main axis of the neighborhood. Two of these three areas were located in the southwest 

section of PUD3. The end sections of the last two residential clusters located in this 

southwest section formed these two areas of the segregated core. The third area within the 

segregated core was in the northeast section, again near the end of the main driveway. 

Compared to the first two areas, this area was smaller in size and was comprised by smaller 

number of street segments. In the global integration map these areas are indicated with 

dark blue. Overall, the segregated zone was mostly spread in the outward edges of PUD3. 

 

The intelligibility of PUD3 was computed by the simple linear regression of integration 

values on connectivity values. The r value of Pearson’s coefficient in this regression, 0.3151 

was the intelligibility value of PUD3 (Table 5-7, Figure 5-31).   

 

 

Table 5-7 PUD3 layout: Intelligibility 

Simple linear regression results for PUD3 

Dependent Variable: CONNECTIVITY   

Independent Variable: INTEGRATION   

CONNECTIVITY = 0.7943204 + 3.6996102 INTEGRATION 

Sample size: 194     

R (correlation coefficient) = 0.3151   
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Figure 5-31 PUD3 layout: Intelligibility 

 

 

5.5. FINDINGS FROM SPATIAL ANALYSIS: PUD 4 

5.5.1. PUD4: Regional Characteristics 

PUD4 was located in the southwest of Cary. In the macro-scale, this PUD had convenient 

access to highways and schools. Nearest school was within 1.5 mile, the nearest highway 

was within a two mile distance of PUD4. The region where PUD3 was located was mostly 

residential with a small number of nearby commercial units. There was a small shopping 

complex accommodating a pharmacy, dry cleaners, a restaurant and a café within a two 

mile distance of the neighborhood. In rush hours and school hours, the traffic in the region 

was busier than average. 

 

5.5.2. PUD4: Site Characteristics 

The development covered an area of 210 acres and occupied single family housing units 

spread over 186 acres.  The PUD accommodated a total of 606 residential units all of which 

were single family detached houses. These units’ sizes ranged from small to medium 

compared to standard suburban development patterns. Due to size variations in housing 

units, lot sizes also varied. The mean lot size was around 6900 square feet and the median 

lot size was around 6890 square feet. The minimum lot size for small size, single family 

detached units was 5000 square feet, while the maximum lot size for medium size, 

detached single family units was 13000 to 14000 square feet. When only area occupied by 
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residential units was considered, the number of housing units per unit residential area was 

3.2 units per acre.  

 

PUD4’s planning and design characteristics displayed a pattern similar to conventional 

suburban developments with exceptions of smaller-than-average lot sizes and inclusion of 

several amenities for residents’ use. Sidewalks were present on one side of the street on 

the main driveway that went through the neighborhood.  The main driveway was separated 

with a narrow median in some sections. In side streets within the residential clusters, there 

were no sidewalks. Despite the absence of designated sidewalks, low levels of traffic on 

these side streets made the environment still walkable. Both individual garages of 

residential units and streets were used for parking in PUD4. Following photos are examples 

from streets and sidewalks in PUD4 (Figures 5-32 and 5-33). 

 

    

    

    

Figure 5-32 Street and sidewalk patterns in PUD4 
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Figure 5-33 Street and sidewalk patterns in PUD4 

 

PUD4 was formed by a winding driveway in west-east direction that connected two major 

parallel north-south oriented streets (Figure 5-34). Eight residential clusters of different 

sizes were attached to the main driveway from both north and south sides. Amenities were 

dispersed within these residential clusters (Figure 5.34). 

 

 

 

Figure 5-34 Site plan of PUD4 showing the amenities 

(OS: open space, P: park, PL: playground, GW: greenway, PO: pool, CH: clubhouse, TP: 

town park) 
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PUD4 started development in 1991 and was completed long before the commencement of 

this research. PUD4 had only recreational amenities within its boundaries. The recreational 

amenities of PUD4 were seven parks, one playground, one swimming pool, one clubhouse, 

greenway, and a medium size open space. The playground and medium-size open space by 

the pond were located in the middle sections of PUD4 and were attached to the main 

driveway from the north. The swimming pool and the clubhouse were located in the eastern 

sections of the PUD and were attached to the main driveway from the south. The greenway 

crossed the driveway in the middle sections of the PUD, continued along the lake located in 

the south, and connected back to the area where the clubhouse and pool were located. The 

seven parks were small in size and located in different sections of the PUD in between the 

housing units (Figures 5-35 to 5-39). 

 

    

Figure 5-35 PUD4 amenities: Open spaces 

 

      

Figure 5-36 PUD4 amenities: Parks 
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Figure 5-37 PUD4 amenities: Parks 

 

     

Figure 5-38 PUD4 amenities: Playground (left) and greenway (right) 

 

      

Figure 5-39 PUD4 amenities: Greenway 
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PUD4 was located adjacent to a town park and there was a direct entrance from the 

neighborhood to the park. For this reason, other than the amenities located within the 

boundaries of PUD4, the town park was also a vital amenity serving PUD4 residents. The 

following photos are from the town park (Figure 5-40). 

 

     

    

Figure 5-40 PUD4 amenities: Town park adjacent to the neighborhood 

 

In terms of its layout, PUD3 had a mostly disconnected street pattern. When its connections 

to the larger urban fabric were considered, PUD2 had only four entrances/exits from/to 

outside: two entrances/exits in the two ends of the main driveway and two exits from two 

of the residential clusters located in the south of the main driveway. Therefore, just like all 

the other three PUDs, PUD4 was also not very well connected to the larger urban fabric. 

 

Of the eight residential clusters, four were located in the north and four were located in the 

south sections of PUD4 defined by the main driveway. Of the eight residential clusters two 

were large in size, four were in medium size and two were small in size. The two larger 

clusters contained single family houses of small sizes. These clusters had a more connected 

street network compared to others, but still there were on average five cul-de-sacs per 

cluster in each. Neighborhood parks of PUD4 were located mostly in these two larger 

clusters. The northern cluster accommodated three and the southern cluster accommodated 
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two small parks within their boundaries. The four medium size clusters contained a mix of 

single family housing units ranging from small to middle sizes. These four clusters had less 

connected street networks compared to the larger clusters. Relative to their sizes, they had 

on average longer cul-de-sacs. Two of these clusters were formed of all residential units, 

and the other two had one small park within their boundaries each. The two small 

residential clusters were located in the west sections of the PUD and were attached to the 

main driveway from the north. These clusters accommodated single family houses of 

medium sizes, were entirely residential clusters with no amenities. However, the entrance to 

the town park from the neighborhood was via one of these clusters. 

 

5.5.3. PUD4: Syntactical Analysis 

The syntactical analysis of PUD4 was performed using Axwoman (V3) software and the 

integration and connectivity maps of the PUD were developed. PUD4 had global integration 

values ranging from 0.35 to 1.1 (Figure 5-41). The mean global integration was 0.60 and 

the median was 0.57. The mean connectivity was 2.39, while the mean local integration 

was 1.40. Table 5-8 displays the descriptive statistics of these syntactical variables. 

 

Table 5-8 PUD4: Descriptive statistics of syntactical variables 

PUD4 mean std deviation min max median 

Connectivity 2.39 1.24 1.00 8.00 2.00 
Local integration (integration-3) 1.40 0.80 0.21 5.09 1.27 
Global integration 0.60 0.13 0.35 1.02 0.57 

 

The integration core, which was formed by top 10% of the axial lines with the highest 

integration values, had global integration values between 0.77 and 1.1. Similar to PUD3 the 

integrated core was concentrated in a single area. Most sections of the main driveway 

connecting the residential clusters and several side streets, extending from it, formed the 

most integrated core.  The side streets that were in the integrated core were more spread 

in one of the larger residential clusters in the northeast section of the PUD.  In all other 

sections, they were mostly distributed evenly. In the global integration map (Figure 5.41) 

these lines are indicated in red. 

 

In terms of shape, the integration core was mostly in the shape of spine. However, in one 

part of the northeast section of the integration core, a wheel shape could be observed. This 

place was the only part of the integration core where a full ring defining a closed integration 

circuit could be found (Figure 5.41).  
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Some of the amenities in PUD4 were located in or near the integration core. Location of 

amenities in integrated areas of a system was considered as a quality to enhance 

pedestrian movement. In PUD4, two of the small parks located in the northeast residential 

cluster, the pool and the clubhouse complex, the playground and the open space by the 

pond were all located adjacent to the integration core (Figure 5-41).  

 

 

 

Figure 5-41 PUD4 layout: Global integration map 

 

The segregation core, formed by the 25% of all the axial lines with the lowest integration 

values, had global integration values ranging from 0.35 to 0.51. The segregated core was 

split into five different areas all located toward the edges of the residential clusters 

especially in the southern sections of PUD4.  Also, the entrance from the greenway to the 

park was in the segregated core. Due to the division of the segregated core into several 

areas, these segregated core pieces were small in size and each contained smaller number 

of street segments. In the global integration map these areas are indicated with dark blue. 
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Overall, the segregated zone was mostly spread in cul-de-sacs and in the sections that were 

away from the main driveway (Figure 5-41). 

 

The intelligibility of PUD4 was computed by the simple linear regression of integration 

values based on connectivity values. The r value of Pearson’s coefficient in this regression, 

0.3505, was the intelligibility value of PUD4 (Table 5-9, Figure 5-42).   

 

Table 5-9 PUD4 layout: Intelligibility 

Simple linear regression results for PUD4 

Dependent Variable: CONNECTIVITY   

Independent Variable: INTEGRATION   

CONNECTIVITY = 0.37881035 + 3.3365264 INTEGRATION 

Sample size: 233     

R (correlation coefficient) = 0.3505   
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Figure 5-42 PUD4 layout: Intelligibility 

 

 

5.6. SUMMARY: FINDINGS FROM SPATIAL ANALYSIS 

All four of the PUD cases were suburban residential developments located in the Triangle 

area of North Carolina and developed between 1990 and 2002. A summary of the spatial 

analysis findings, including the spatial characteristics of the cases, results from syntactical 

analysis of the cases, and an overall summary, follows. 
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5.6.1. Summary: Spatial Characteristics 

In the beginning of this chapter, in table 5-1, the spatial characteristics of the four PUDs, in 

terms of site characteristics, site amenities, site layout, sidewalk and parking patterns were 

given side by side.  Below is a summary of these spatial characteristics of the PUD cases. 

 

Site characteristics: In terms of housing types, all the four PUDs had single family housing 

units (attached or detached) and these covered the majority of the PUD development area. 

Only in PUD1 and PUD2, in addition to single family units, were there multi family housing 

units. 

 

In terms of both area and number of housing units, all four PUDs were representative of 

medium to large size neighborhoods. In case selection, neighborhoods with total number of 

housing units of more than 300 were desired to be selected. Overall, the total number of 

housing units was above 500 in all of the four PUDs.  In the two neighborhoods with multi-

family housing, the total number of single family housing units were still equal or above 

500.  

 

Site amenities: All the four PUDs had recreational amenities within their boundaries. 

Common recreational amenities present in these neighborhoods were parks, playgrounds, 

village green, open spaces, greenways, trails, sports areas, swimming pool, and clubhouses. 

Only PUD2 had utilitarian amenities in use, in addition to recreational amenities, within its 

boundaries.  These utilitarian amenities included cafes, restaurants, small shops, a grocery 

store, offices, a school and a daycare, and a church. 

 

Overall, the amenity content of the PUDs was representative of prevalent “resourceful” 

neighborhoods which provided some level of resources for residents’ use. Whereas PUD2 

was an example of a mixed-use neighborhood, PUD1, PUD2, PUD3 were examples of 

neighborhoods with recreational amenities only.   

 

Site layout: When analyzed categorically by visual inspection of the site plans, the site 

layouts of PUD1 and PUD2 were connected (more connected), and PUD3 and PUD4 were 

disconnected (less connected). PUD3 and PUD4 had a greater number of cul-de-sacs 

compared to PUD1 and PUD2. 

 

Overall the site layouts of the PUDs were representative of prevalent development patterns. 

PUD1 and PUD2, both with their more connected layouts, were examples of neo-traditional 
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neighborhoods, while PUD3 and PUD4, with their disconnected layouts, were examples of 

conventional suburban neighborhoods.  

 

5.6.2. Summary: Syntactical Analysis 

The syntactical analysis of the axial maps for each PUD showed that the mean global 

integration, local integration and connectivity values of the four PUD cases were different. 

The mean integration and connectivity values were the highest in PUD1 followed by PUD2, 

PUD4, and lastly PUD3.  The integration cores of the four PUD were analyzed in shape, and 

it was found that in connected (more-connected) PUDs, PUD1 and PUD2, the integration 

core was overall round shaped (deformed-wheel shape) while disconnected (less 

connected) PUDs displayed a more elongated (spine shape) integration core. Round shaped 

integration cores formed rings, but elongated cores failed to form rings. The presence of 

rings in a system was considered, in the literature, a facilitating factor for pedestrian 

movement.   

 

Because this research differentiated neighborhood layouts using quantitative syntactical 

analysis rather than using the neighborhood types, intelligibility values of PUDs were taken 

as indicators of their layout differences.  Given that intelligibility was a Pearson’s correlation, 

it was unitless, and therefore would not be affected by size differences among PUDs. 

Moreover, unlike integration or connectivity values which were defined by a range of values 

assigned to each street segment, intelligibility gave a unique value per PUD and allowed for 

easier global layout comparisons.  

 

Figure 5-43 shows the intelligibility values of the four PUDs side by side. It should be noted 

that these intelligibility values were calculated depending on the axial maps drawn using the 

“pedestrian” in consideration. In other words, all pedestrian paths, both designed and 

created by residents in use, were included in the layout system which also changed the 

intelligibility values of PUDs that were rich in pedestrian paths and trails. The comparisons 

of PUDs’ intelligibility values also confirmed the differences in their layouts (Figure 5-43). 

When compared ordinaly, PUD2 had the highest intelligibility among the four cases with a 

score of 0.535. PUD1 had the second most intelligible layout with a score of 0.489. PUD4’s 

intelligibility was the third among the four cases with a score of 0.350. Fourth, and the least 

intelligible among the four, was PUD3 with a score of 0.315.  
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Figure 5-43 All PUDs: Comparison of the intelligibility values of the PUDs 

 
Given these quantities, PUDs could be also compared categorically. PUD1 and PUD2 could 

be considered as PUDs with connected site layouts (more-connected-site-layouts) offering 

more legible system to navigate. Similarly, PUD3 and PUD4 could be considered as PUDs 

with disconnected site layouts (less-connected-site-layouts) with decreased legibility in 

navigation. Syntactical analysis showed that disconnected street patterns were associated 

with lower intelligibility, and more connected ones with higher intelligibility.  

 
The pattern in intelligibility values of the four cases was slightly different from the patterns 

in their integration and connectivity values.  In terms of mean connectivity and integration, 

PUD1 had the highest syntactical values, followed by PUD2, while in intelligibility the order 

was the reverse (PUD2 being the highest followed by PUD1). But, for PUD3 and PUD4, the 

mean integration, mean connectivity, and intelligibility followed a similar pattern where 

PUD3 had the lowest scores in all the three syntactical measures and PUD4 ranked the 

third. Figure 5-44 displays these syntactical patterns across PUDs. 
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Figure 5-44 All PUDs: Comparison of the syntactical values across PUDs 

 

 

5.6.3. Summary 

The amenity content and the layout patterns were representative of prevalent development 

patterns with examples from both conventional suburban and neo-traditional design 

concepts.  The difference of the intelligibility values of the PUDs quantitatively confirmed 

the differences in their layouts. To summarize the major spatial findings on PUDs: 

• PUD1 had only recreational amenities, connected (more-connected) layout and the 

second highest intelligibility score.  

• PUD2 had both utilitarian and recreational amenities, connected (more-connected) 

layout, and the highest intelligibility score. 

• PUD3 had only recreational amenities, disconnected (less-connected) layout, and 

the lowest intelligibility score.  

• PUD4 had only recreational amenities, disconnected (less-connected) layout, and 

the second lowest intelligibility score. 
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To summarize the main spatial findings on comparison pairs: 

• PUD1-PUD2 pair: The main spatial difference of the pair was in the amenity types 

they contain within their boundaries and intelligibility values. Both PUDs had 

recreational amenities and connected (more connected) layout, however PUD2 had 

also utilitarian amenities. PUD2 had a higher intelligibility value than PUD1. Still, 

intelligibility values of both PUD1 and PUD2 were in the higher end of the spectrum 

when all four cases were considered. 

• PUD1-PUD3 pair: The main spatial difference of the pair was in the layout type and 

intelligibility values. Both PUDs had recreational amenities.  PUD1 had connected 

(more-connected) layout and PUD3 had disconnected (less connected) layout. 

PUD1 had a higher intelligibility value than PUD3.  

• PUD3-PUD4 pair: The main spatial difference of the pair was in the location of the 

amenities within the neighborhood and their intelligibility values. Both PUD3 and 

PUD4 had recreational amenities only and disconnected (less-connected) layout. 

PUD3 had a centralized amenity pattern where all the PUD amenities were located 

at a centralized amenity core. PUD4 had a dispersed amenity pattern where 

amenities were located throughout the neighborhood with no particular density in 

one part. PUD4 had a higher intelligibility value than PUD3; but still both PUDs’ 

intelligibility values were in the lower end of the spectrum when all four cases were 

considered.   

 

The findings acquired from the spatial analysis of the PUDs were used in conjunction with 

the findings from the behavior mapping and community survey to understand whether 

these spatial differences in PUD amenities and layouts were associated with differences in 

physical activity and social interaction. Specifically, the way in which the spatial variables 

identified here associated with the observed physical and social activity levels, with user 

perceptions and evaluations were investigated.  

 

Both comparisons of PUD pairs (as given in Chapter 3) and overall pattern-matching 

replication-seeking strategies were applied. First, neighborhood pairs were compared and 

how the difference of a specific spatial variable between the two PUDs was associated with 

physical activity and social interaction levels were investigated. Second, overall patterns 

across PUDs were sought. Neighborhood site amenity content categories, neighborhood site 

layout categories, and intelligibility values were used to identify patterns of the way in 

which the neighborhood built environment influenced physical activity and social interaction. 

Of further interest was which spatial variables were better predictors of increased 

neighborhood physical activity and social interaction levels.  
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CHAPTER 6 

 

 

 

6.  FINDINGS: BEHAVIOR MAPPING 
This chapter reports the findings of behavior mapping. The procedure for behavior mapping 

was explained in data collection section in detail. In this chapter, depending on the data 

collected, the patterns of outdoor space use and their relationship to the site design 

characteristics of PUDs were explained. For this purpose, findings for each PUD case were 

reported and comparisons were made across cases. 

 

6.1. FINDINGS FROM BEHAVIOR MAPPING IN PUD1 

Overall, 508 people were observed in PUD1 as a result of 10 behavior mapping cycles. Of 

these 508 observations, 34.65% (176 observations) were observed in weekday readings 

and 65.35% (332 observations) were observed in weekend readings. According to user 

types, of 508 total observations, 39.96% (203 observations) were men, 28.94% (147 

observations) were women, 24.41 % (124 observations) were children, and 6.69% (34 

observations) were teens. Table 6-1 shows the distribution of observations according to 

user type and day of week.  
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Table 6-1 PUD1: Behavior map observations according to day of week and user type 

PUD1 Weekday Weekend day TOTAL 

User type # of 
observations Percentage # of 

observations Percentage # of 
observations Percentage 

Man 92 52.27% 111 33.43% 203 39.96%

Woman 46 26.14% 101 30.42% 147 28.94%

Teen 9 5.11% 25 7.53% 34 6.69%

Child 29 16.48% 95 28.61% 124 24.41%

TOTAL 176 100% 332 100% 508 100%

 

 

Figure 6-1 shows the weekend and weekday observations on the map.  From weekdays to 

weekend a major increase in use was observed in the central amenity core. In weekends, 

users mostly spent their time in the central amenity core of PUD1 engaging in activities in 

the clubhouse, pool, sports areas or strolling around the village green. The other sections of 

the neighborhood did not present major increases or decreases in use intensities and thus 

were similar in use intensities when weekdays and weekends were compared. 

 

 

Figure 6-1 PUD1: Overall behavior map showing weekday/weekend users 
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6.1.1. PUD1: Outdoor Activity Types 

When behavior mapping data were analyzed according to activity types, 10 different activity 

categories were found in PUD1. In alphabetical order, these categories were biking or 

scootering, gardening, house or car maintenance, playing, pool, running, sitting, sports, 

standing, and walking. Among these categories, walking was the most frequently observed 

activity covering 23.92% of all observations, followed by standing (16.34%), pool activities 

(12.99%), and house/car maintenance (10.83%) respectively. The rest of all activity 

categories observed in PUD1 had frequencies lower than 10% each. In descending 

frequency order, these were gardening (8.46%), biking/scooter (8.07%), playing (6.89 %), 

sitting (6.69%), sports (4.33%), and running (1.57%). Figure 6-2 shows the overall 

behavior map of PUD1 symbolized according to activity types; and figure 6-3 displays these 

percentages.  

 

 

 

Figure 6-2 PUD1: Overall behavior map showing activity types 
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Figure 6-3 PUD1: Activity types 

 

6.1.2. PUD1: Place Types 

The observations were also categorized according to place of activity. For this purpose, six 

place categories were used which were street, greenway/trail, open space, sports area, 

pool/clubhouse, and garden/porch/lot. All place categories except for garden/porch/lot 

consisted of public spaces; and “garden, porch, or lot” category was the only category for 

private/semi private spaces. Streets formed the most frequently observed place category, 

and 43.11% of all activities observed took place in streets (Figure 6-4).  Activities that took 

place in streets were walking, standing, biking/scootering, playing, sitting and running, in 

descending order. The second and third most frequently observed categories were 

garden/porch/lot activities (29.72%) and pool/clubhouse activities (12.99%) respectively. 

Activities that took place in gardens, porches or lots were gardening, maintenance activities, 

standing, sitting, and playing, in descending frequency order. Pool and clubhouse activities 

were mainly confined to pool activities such as swimming, sunbathing or resting within this 

area.  Other place categories were open space activities (6.10%), greenway/trail activities 

(5.51%), and sports area activities (2.56%) in descending frequency order. Even though 

PUD1 had six small parks and playgrounds in different locations throughout the 

neighborhood, no activities were observed in parks or playgrounds (Figure 6-4).  
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Figure 6-4 PUD1: Place types 

 

 

6.1.3. PUD1: Outdoor Activities in Relation to Their Places  

Table 6-2 shows the matrix developed using activity types and place categories.  Walking 

activity took place mostly in streets and rarely in greenways and trails, or open spaces like 

the village green. Standing activities observed in PUD1 all took place in streets. Pool 

activities, such as swimming, sunbathing and the like took place in pool and clubhouse 

complex of the PUD. Maintenance activities, such as car or house maintenance, took place 

either in private and semi private areas, like garden or lot of the residential units, or in 

public areas such as open spaces available in the PUD. Gardening activity, due to lack of 

community gardens in the PUD, all took place in residences’ gardens within individual lots. 

Biking and scooter activities were observed mostly in streets, and rarely in greenways and 

trails or community open spaces. Children’s play activities mostly took place in streets 

followed by garden/porch/lot, and open spaces. People were observed sitting mostly in 

private and semi-private spaces such as porches and gardens followed by streets and open 

spaces categories. Sports activities, such as tennis, basketball, ball play and the like took 

place mostly in designated sports areas. In open spaces of moderate size, sports activities - 

mostly ball playing and basketball - were also observed. Running, the least frequently 

observed activity among all activity types, was observed on either streets or greenway and 

trails with equal frequency distribution (Table 6-2).  
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Table 6-2 PUD1: Activity type and place of activity matrix 

PLACE OF ACTIVITY 
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Walking 20.67% 2.95% 0.20%      23.82%

Standing 9.25%      7.09% 16.34%

Pool/Clubhouse       12.99%   12.99%

House/Car maint.    2.95%    7.87% 10.83%

Gardening        8.46% 8.46%

Biking/Scooter 5.91% 1.77% 0.39%      8.07%

Playing 4.13%  0.20%    2.56% 6.89%

Sitting 2.36%  0.59%    3.74% 6.69%

Sports    1.77%  2.56%    4.33%

Running 0.79% 0.79%       1.57%

AC
TI

VI
TY

 T
YP

E 

TOTAL 43.11% 5.51% 6.10% 0.00% 2.56% 12.99% 29.72% 100%

 

 

Walking in streets was the most frequent activity category when place of the activity was 

also taken into account and comprised 20.67% of all observations. Pool activities in pool 

and clubhouse complexes were the second frequent activity category and consisted of 

12.99% of all observations. In the activity type and place matrix, no other cell value was 

more than 10% in frequency. Standing on the street (9.25%), gardening within lot 

(8.46%), house or car maintenance in garden/lot (7.87%), standing in the garden/porch/lot 

(7.09%), biking/scootering on streets (5.91%), playing on streets (4.13%) were cell 

categories between 10% to 4% frequency. All other cell values were less than 4% for other 

activity/place combinations. Table 6-2 shows the matrix in detail. 

 

6.1.4. PUD1: Outdoor Activity Variety 

Other than frequencies, activity variety is also important to understand the affordances 

different types of outdoor spaces offer. Whereas frequencies may give information about 

the affordances realized, activity variety may be helpful to display the potential affordances 

of a place (Gibson, 1979). 

 

Analyzing the place categories in terms of the variety of activities observed revealed that 

the six different place categories in PUD1 offered different levels of activity variety ranging 



 121

from one to six. Out of 10 activity types observed in PUD1, six different activity types were 

observed in streets and open spaces making these the top two place categories in terms of 

potential activity affordance. Streets within PUD1 afforded six different activities including 

walking, standing, biking or scootering, playing, sitting, and running. In a similar manner, 

open spaces within PUD1 afforded walking, biking or scootering, playing, sitting, 

maintenance, and sports activities.  Garden, porch and lot scored five in activity variety with 

standing, gardening, maintenance, playing and sitting activities and became the third place 

category in terms of activity variety. This was followed by greenways and trails with three 

different activity types which were walking, biking or scootering and running. Pool and 

clubhouse with pool activities only and sports areas with sports activities only afforded 

single type of activity. 

 

6.1.5. PUD1: Spatial Distribution of Activities 

Overall, the behavior map of PUD1 shows that the activity was not evenly distributed in the 

neighborhood. There was a clear difference in use intensities in the central amenity core 

and its environs compared to the residential clusters. Overall use levels across residential 

clusters were comparable, while places of use showed differences across the residential 

clusters. 

 

Despite the fact that there were numerous parks and playgrounds located within the 

residential clusters, streets were havens for most of place-based outdoor activity. For 

instance, figure 6-5 shows an eastern cluster of PUD1 where there were three parks within 

close proximity. It was visible from the behavior map that majority of the activities took 

place in the streets. Children’s play activities took place in the street space rather than in 

any of the nearby parks (Figure 6-5). Also increased intensity in social interaction activities 

could be observed in the same area. Within close proximity, residents gardening and 

neighbors standing in their front yards or in street were examples of these social activities. 

High use levels of street space by residents may increase social control and perceived 

safety, and thus, may be another factor contributing to increased levels of children’s play 

activities in streets (Figure 6-5). 

 

The parks located in this residential cluster, however, failed to support the formation of 

such activities. Although the location of these parks within the integrated core of the layout 

would be expected to increase their use levels, micro-scale design of the parks prevented 

such possibility.  All three parks were open areas with several trees, and only in one of was 

there a picnic table and a trash can as design elements (Figure 6-6). Two of these three 

parks lacked any type of design elements to define the behavior setting, and the remaining 
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park’s design features were not sufficient enough to create a setting program. Thus, the 

meso-scale designs have their extensions in the micro-scale too, and are not enough alone 

to support activity.   

 

 

Figure 6-5 PUD1: Detail from behavior map 1 

 

    

Figure 6-6 PUD1: Parks 

 

Another important observation was very low alley use (Figures 6-5 and 6-7). Even though 

the residential units were connected through alleys in the back side where there was 

controlled traffic, interaction and play activities took place in front, in streets. Since the alley 

provided vehicular access to the garages, this perhaps contributed to decreased street 

traffic and, in turn, may have increased pedestrian activity in streets.  
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Figure 6-7 PUD1: Alleys 

 

Figure 6-8 displays another detail from PUD1’s behavior mapping, from a residential section 

located in the west of the neighborhood. This area contained several linked open spaces 

located between housing units. Even though in the original site design these were not 

named as parks, in quality and setting formation, they were not different from most of the 

other parks located in PUD1. 

 

 

 

 

Figure 6-8 PUD1: Detail from behavior map 2 
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What was interesting to observe in this cluster were the effects of the micro-scale design.  

The inclusion of a portable basketball hoop in one of these linked open spaces, defined the 

use of space in that area, and also increased use levels in the vicinity (Figures 6-8 and 6-9). 

Children’s basketball play took place near the alley end of the open space and, thus, this 

area constituted the only area in PUD1 with intense alley use. Increased standing by adults 

and “hanging out” by teens were observed in the alley. Also, since the unit was portable, it 

could be moved around in that area according to use. 

 

    

Figure 6-9 PUD1: Open spaces between buildings 

 

6.2. FINDINGS FROM BEHAVIOR MAPPING IN PUD2 

Overall 1196 people were observed in PUD2 as a result of 10 behavior mapping cycles. Of 

these 1196 observations, 23.74% (284 observations) were observed in weekday readings 

and 76.26% (912 observations) were observed in weekend readings. According to user 

types, of total 1196 observations, 26.92% (322 observations) were men, 32.53% (389 

observations) were women, 30.85 % (369 observations) were children, and 9.70% (116 

observations) were teens. Table 6-3 shows the distribution of these observations according 

to user type and day of week.  

 

Table 6-3 PUD2: Behavior map observations according to day of week and user type 

PUD2 Weekday Weekend day TOTAL 

User type # of 
observations Percentage # of 

observations Percentage # of 
observations Percentage 

Man 80 28.17% 242 26.54% 322 26.92%

Woman 117 41.20% 272 29.82% 389 32.53%

Teen 10 3.52% 106 11.62% 116 9.70%

Child 77 27.11% 292 32.02% 369 30.85%

TOTAL 284 100% 912 100% 1196 100%
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Figure 6-10 shows the weekend and weekday observations on the map.  The map 

demonstrates that in the weekend, users mostly spent their time in the central amenity core 

where the commercial units were located, and around the sports areas, engaging in 

recreational and sports activities. Due to special events organized in weekends, use of 

village green located in the center also increased in use compared to weekdays. Outdoor 

patios in the commercial zone attracted as many users over the weekend as in the 

weekdays. However, compared to weekdays, more users strolled in the central area over 

weekends. 

 

 

 

 

 

Figure 6-10 PUD2: Overall behavior map showing weekend/ weekday users 
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6.2.1. PUD2: Outdoor Activity Types 

When behavior mapping data were analyzed according to activity types, 10 different activity 

categories were identified in PUD2. In alphabetical order, these categories were biking or 

scootering, gardening, house or car maintenance, playing, pool, running, sitting, sports, 

standing, and walking. Among these categories, walking constituted the highest category 

with a frequency of 34.62% of all observations, followed by standing (22.83%), and playing 

(11.20 %) respectively. The rest of all activity categories observed in PUD2 had frequencies 

lower than 10% each. In descending frequency order, these were sitting (9.11%), pool 

activities (7.44%), sports activities (4.35%), gardening (4.10%), biking/scooter (3.18%), 

house or car maintenance (2.09%), and running (1.09%) (Figures 6-11 and 6-12). 

 

 

 

 

 

 

Figure 6-11 PUD2: Overall behavior map showing activity types 
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Figure 6-12 PUD2: Activity types 

 
6.2.2. PUD2: Place Types 

The observations were also categorized according to place of activity. For this purpose, 

eight place categories were used which were street, greenway/trail, open space, 

park/playground, sports area, pool/clubhouse, commercial units, and garden/porch/lot. All 

place categories except for garden/porch/lot consisted of public spaces. The garden, porch, 

and lot category was the only category for private/semi-private spaces. Streets were the 

most frequently observed place category among all of the eight categories: 44.73% of all 

activities observed took place in streets.  Activities that took place in streets were walking, 

standing, biking/scootering, playing, running, and sitting in descending order. The second 

and third most frequently observed place categories were open spaces (17.31%) and 

garden/porch/lot (12.88%) respectively. Activities observed in community open spaces were 

standing, playing, sitting, biking or scootering, maintenance activities and walking in 

descending frequency order. Activities, taking place in garden, porch or lot were standing, 

gardening, maintenance activities, playing, and sitting in descending frequency order. Other 

place categories and related frequencies were as follows, in descending order: pool and 

clubhouse activities with 7.44% of all observations, activities in commercial units with 

6.77%, park and playground activities with 4.77 %, sports area activities with 4.68%, and 

finally greenway and trail activities with 1.42% (Figure 6-13) 
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Figure 6-13 PUD2: Place types 

 
6.2.3. PUD2: Outdoor Activity Types in Relation to Their Places 

Table 6-4 shows the matrix developed using both activity type and place categories.  

Walking activity took place in mostly streets and rarely in greenways and trails, or open 

spaces like the village green. Standing activities observed took place mostly on community 

open spaces, and less frequently in streets, gardens and lots, or in parks and playgrounds. 

Children’s play activities were distributed among community open spaces, parks and 

playgrounds, streets, commercial units, and gardens, porches, and lots. People were 

observed sitting mostly in patios of commercial units, and comparatively less frequently in 

community open spaces, porches and gardens of houses, community parks and 

playgrounds, streets and sports areas. Pool activities, such as swimming, sunbathing and 

the like took place in pool and clubhouse complex within PUD2. Similarly, sports activities, 

such as tennis, ball playing and the like, took place in designated sports areas located 

adjacent to the pool and clubhouse complex of PUD2. Gardening activities, due to absence 

of community gardens in the PUD, all took place in residences’ gardens, within the 

boundaries of the individual lots. Biking and scooter activities were observed mostly in 

streets, and comparatively rarely in community open spaces. Maintenance activities, such as 

car or house maintenance, took place in either private and semi private areas, like gardens 

and lots of residential units, or in public areas such as open spaces available in the PUD. 

Running, the least frequently observed activity among all activity types in PUD2, took place 

always in streets. 
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Table 6-4 PUD2: Activity type and place of activity matrix 

PLACE OF ACTIVITY 
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Walking 33.44% 1.00% 0.17%        34.62%

Standing 5.69%  11.87% 0.67%     4.60% 22.83%

Playing 1.34% 0.42% 3.60% 3.34%   1.25% 1.25% 11.20%

Sitting 0.42%  1.00% 0.75% 0.33%  5.52% 1.09% 9.11%

Pool/ Clubhouse       7.44%     7.44%

Sports      4.35%      4.35%

Gardening          4.10% 4.10%

Biking/scooter 2.76%  0.42%        3.18%

House/Car maint.    0.25%      1.84% 2.09%

Running 1.09%          1.09%
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TOTAL 44.73% 1.42% 17.31% 4.77% 4.68% 7.44% 6.77% 12.88% 100%

 

 

When both activity type and place of activity were taken into account, walking in streets 

was the most frequent category and comprised 33.44% of all observations. Standing in 

community open spaces were the second most frequent activity and consisted of 11.87% of 

all observations. In the activity type and place matrix, no other cell value was more than 

10% in frequency. Pool activities in pool and clubhouse complex (7.44%), standing on 

streets (5.69%), sitting in patios of commercial units (5.52%), standing within lot (4.60%), 

gardening within lot (4.10%), and sports activities in designated sports areas (4.35%) were 

cell categories between 10% to 4% frequency. All other activity/place cell values were less 

than 4%. Table 6-4 shows the matrix in detail. 

 

6.2.4. PUD2: Outdoor Activity Variety 

Other than frequencies, activity varieties for each of the eight place categories in PUD2 

were analyzed. Variety scores ranged from one to six out of possible 10 different activity 

types. Streets and community open spaces were the top two categories affording six 

different activity types. The activities, streets within PUD2 afforded, were walking, standing, 

biking or scootering, playing, running and sitting. Activities, community open spaces in 

PUD2 afforded, were standing, playing, sitting, biking or scootering, maintenance activities, 

and walking. Garden, porch and lot scored five in activity variety with standing, gardening, 
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maintenance, playing and sitting activities and became the third place category in PUD2 in 

terms of activity variety. This was followed by parks and playgrounds with three different 

activity types, which were playing, sitting, and standing. Greenways and trails, sports areas, 

and commercial units all afforded two different activity types.  Pool and clubhouse with pool 

activities only afforded a single type of activity in terms of variety. 

 

6.2.5. PUD2: Spatial Distribution of Outdoor Activities 

Overall, the behavior map of PUD2 showed that the activity was not evenly distributed in 

the neighborhood. There was obviously denser outdoor space use in the central commercial 

core, and along the axis that connected the center to where the sports areas and clubhouse 

complex were located. Side streets attached to this axis also showed increased walking 

activities. Within residential clusters, there was no use of the outdoors in some areas, while 

others indicated high levels of street use with various activities involved.  

 

PUD2 had several parks and playground of various sizes, and the largest park in the 

neighborhood, shown in figure 6-14, was located in the northeast residential cluster. In 

terms of its layout, it was located in close proximity to the integration core of the 

neighborhood system. Higher levels of walking activity in the surrounding street also proved 

this. However, only one person was observed during behavior mapping in this park. Lack of 

affordances (such as comfortable seating etc.) and also presence of incivilities (such as 

broken beer bottles, condoms, etc.) have caused residents to refrain from using this 

neighborhood resource.  Photos of the park follow (Figure 6-15).  

 

Figure 6-14 PUD2: Detail from behavior map 1 
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Figure 6-15 PUD2: Park 

 

Another spatial finding in this PUD was related to the alley use in the townhouses, located 

in the northwest residential cluster (Figure 6-16). Due to their relation to the street, 

townhouses in PUD2 did not provide any semi-private space for possible street use and 

interaction. Therefore, we would expect to see increased levels of alley use in this area. 

However, due to low quality design features of the alley, which provided the connections of 

these townhouses from the back, no alley use could be observed in this area. Few design 

features were observed in this alley, as it featured an absence of grown trees providing 

shade; an absence of landscaping elements and trees providing a view of greenery. Even 

some children’s play activity was observed in the street space (but not on sidewalks), rather 

than the alley (Figures 6-16 and 6-17).  

 

 

Figure 6-16 PUD2: Detail from behavior map 2 
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Figure 6-17 PUD2: Alley and front side of townhouses 

 

6.2.6. PUD2: Normalizing Data 

A second stage of analysis of behavior mapping in PUD2 was done by removing the 

observations made in the utilitarian area.  The literature review had revealed the influences 

of utilitarian amenities on overall activity intensities by generating trips and acting as 

attractors. This assertion had been also criticized in the literature with the suggestion that 

pedestrian movement was primarily determined by the layout rather than by the amenities. 

Taking into consideration both lines of thought, behavior mapping data was normalized by 

removing observations made in utilitarian area.  The main purpose of this adjustment was 

to understand the activity patterns in PUD2 when the effects of the utilitarian amenities 

were removed. Even though it was impossible to exclude the entire effect of the utilitarian 

amenities, this adjustment was helpful to see the use levels with and without the 

commercial core.  

 

Behavior mapping observations in the utilitarian area were removed and the data was 

reanalyzed.  The utilitarian area was comprised of 397 observations and the removal of this 

data decreased the total number of observations to 799. This was the number of people 

observed in off-utilitarian areas in PUD2. Even after the utilitarian area observations were 

removed, walking was the activity type with the highest frequency, which increased the 

percentage distribution of walking in relation to all observations to 38.55%. Standing was 

again the second frequently observed activity, but its percentage decreased to 14.39% after 

removing utilitarian area observations. Pool activities remained the same in frequency but 

increased in their percentage to 11.14%, and became the third most frequent activity 

category. After the normalization, the rest of all activity categories had percentages lower 

than 10% each. In descending frequency order, these were playing (9.51%), sports 

activities (6.51%), gardening (6.13%), sitting (4.76%), biking/scooter (4.64%), house or 

car maintenance (2.88%), and running (1.50%) (Figure 6-18). 
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Figure 6-18 PUD2: Activity types (normalized) 

 
Since the utilitarian area observations were removed, analyzing the normalized data 

according to the place of activity resulted in seven place categories excluding the 

“commercial units” category: street, greenway/trail, open space, park/playground, sports 

area, pool/clubhouse, and garden/porch/lot. Street activities were again the most frequently 

observed category among all of the seven place categories. With an increase in percentage, 

they comprised nearly half of all the observations (49.06%).  Since the utilitarian area also 

contained the village green where high levels of activity took place especially in the 

weekend observations, removal of this area made “garden, porch and lot” the second most 

frequent place category with 19.27%. “Pool and clubhouse” became the third most frequent 

group with 11.14%. The other four place categories and related percentages were as 

follows in descending order: park and playground activities with 7.13%, sports area 

activities with 7.01%, open space activities with 4.26%, and, finally, greenway and trail 

activities with 2.13 % (Figure 6-19). 

 

Even though the frequencies, and thus percentages, of activity types and place categories 

changed, the activity varieties per each place category remained the same after the 

adjustment of the data. Table 6-5 shows the normalized data and related categories. 

 



 134

PUD2 Place types (utilitarian area removed)
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Figure 6-19 PUD2: Place types (normalized) 

 

 

Table 6-5 PUD2: Activity type and place of activity matrix (normalized) 

PLACE OF ACTIVITY   
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Walking 33.44% 1.00% 0.17%       34.62% 38.55%

Standing 5.69%  11.87% 0.67%    4.60% 22.83% 14.39%

Playing 1.34% 0.42% 3.60% 3.34%   1.25% 1.25% 11.20% 9.51%

Sitting 0.42%  1.00% 0.75% 0.33%  5.52% 1.09% 9.11% 4.76%

Pool/Clubhouse        7.44%    7.44% 11.14%

Sports      4.35%     4.35% 6.51%

Gardening         4.10% 4.10% 6.13%

Biking/Scooter 2.76%  0.42%       3.18% 4.63%

House/Car 
maint.    0.25%     1.84% 2.09% 2.88%

Running 1.09%         1.09% 1.50%

TOTAL 44.73% 1.42% 17.31% 4.77% 4.68% 7.44% 6.77% 12.88% 100% NA
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TOTAL(Normaliz
ed excluding 
utilitarian area) 

49.06% 2.13% 4.26% 7.13% 7.01% 11.14% 0.00% 19.27% 100%
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6.3. FINDINGS FROM BEHAVIOR MAPPING IN PUD3 

Overall 686 people were observed in PUD3 as a result of 10 behavior mapping cycles. Of 

these 686 observations, 17.64% (121 observations) were observed in weekday readings 

and 82.36% (565 observations) were observed in weekend readings. According to user 

types, of total 686 observations, 46.21% (317 observations) were men, 28.86% (198 

observations) were women, 19.83 % (136 observations) were children, and 5.10% (35 

observations) were teens. Table 6-6 shows the distribution of observations according to 

user type and day of week. 

 

Table 6-6 PUD3: Behavior map observations according to day of week and user type 

PUD3 Weekday Weekend day TOTAL 

User type # of 
observations Percentage # of 

observations Percentage # of 
observations Percentage 

Man 79 65.29% 238 42.12% 317 46.21%

Woman 18 14.88% 180 31.86% 198 28.86%

Teen 5 4.13% 30 5.31% 35 5.10%

Child 19 15.70% 117 20.71% 136 19.83%

TOTAL 121 100% 565 100% 686 100%

 

 

Figure 6-20 shows the weekend and weekday observations on the map.  The map shows 

that there was a great increase in outdoor space use from weekdays to weekends in most 

parts of the neighborhood including the amenity core. Whereas the southern residential 

sections within PUD3 showed more even distributions, the northern sections had 

fluctuations in outdoor space use in weekends and weekdays.  

 

Due to a coincidence in one of the behavior mapping dates, there was an organized half 

day community yard sale event in PUD3. Even though this could affect the 

representativeness of readings for that typical day, having the opportunity of observing a 

special event in the neighborhood was also valuable. Because of this factor, behavior 

mapping data in PUD3 was analyzed in two phases: including and excluding the yard sales 

observations. 
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Figure 6-20 PUD3: Overall behavior map showing weekend/ weekday users 

 

 

6.3.1. PUD3: Outdoor Activity Types 

The first phase of analysis was done including all observations. According to activity types, 

11 different categories were identified in PUD3. In alphabetical order, these categories were 

biking or scootering, gardening, house or car maintenance, playing, pool, running, sitting, 

sports, standing, yard sale and walking.  Among these categories, yard sale comprised 

almost quarter of all observations. With a percentage of 24.78% it was the most frequent 

activity category. This was followed by standing (13.85%), walking (12.10 %), gardening 

(11.52%), and sports activities respectively. The rest of all activity categories observed in 

PUD3 had an occurrence lower than 10% each. In descending frequency order, these were 

playing (9.77%), house or car maintenance (6.71%), sitting (4.66%), biking/scootering 

(2.33%), pool activities (1.75%), and running (1.17%) (Figures 6-21 and 6-22). 
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Figure 6-21 PUD3: Overall behavior map showing activity types 
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Figure 6-22 PUD3: Activity types 
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6.3.2. PUD3: Place Types 

The observations were then analyzed according to the place of activity. For this purpose, 

seven place categories were used which were street, open space, park/playground, sports 

area, pool/clubhouse, and garden/porch/lot. All place categories except for garden/porch/lot 

consisted of public spaces and garden, porch, or lot category was the only category for 

private/ semi private spaces.  

 

Of all observations, 65.31% involved garden, porch, and lot-based activities. This category 

was formed by activities including yard sale, gardening, standing, playing, house or car 

maintenance, and sitting. These activities were followed by street-based activities with 

19.39% and open space based activities with 12.39%. Street-based activities as observed in 

PUD3 were walking, standing, biking or scootering, playing, and running. Open space based 

activities were mostly sports activities including recreational golf and, infrequently, yard 

sale, standing or running activities. The remaining three place categories presented 

negligible percentages each below 2%. These were, in descending order, pool and 

clubhouse activities with 1.75%, sports area activities 0.87%, and park and playground 

activities 0.29%. Pool and clubhouse activities observed were all pool activities such as 

swimming, sunbathing and resting in the pool/clubhouse complex. Sports area activities 

were playing sports and, more specifically, playing tennis. Park and playground activities 

observed were all children’s play activities (Figure 6-23).  
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Figure 6-23 PUD3: Place types 
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6.3.3. PUD3: Outdoor Activity Types in Relation to Their Places 

Table 6-7 shows the matrix developed using activity type and place categories.  When both 

activity type and place of activity were taken into account, yard sales in residential units’ 

gardens or lots were the most frequent activity category and comprised 23.91% of all 

observations. This showed that organized community events could make a major difference 

in outdoor use levels in PUD3. Even the neighborhood was observed for nine other cycles in 

different times and dates, total number of observations made for this community event 

which was only observed in one cycle exceeded all other activity categories. Yard sales in 

gardens/lots were followed by walking in streets (12.10%), gardening within the lot/garden 

(11.52%), standing in garden/porch/lot (10.50%), and sports activities in community open 

spaces (10.50%) with comparable percentages. In the activity type and place matrix, no 

other cell value was more than 10% in frequency. Children’s play activities in 

garden/porch/lot (8.02%), house/car maintenance in garden/porch/lot (6.71%), and sitting 

in garden/porch/lot (4.66%) were the subsequent cell categories in terms of percentages. 

All other cell values were less than 4% for other activity/place combinations. Table 6-7 

shows in detail the matrix. 

 

Table 6-7 PUD3: Activity type and place of activity matrix 
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Yard sale    NA 0.87%    23.91% 24.78% 

Standing 2.62%  NA 0.73%    10.50% 13.85% 

Walking 12.10%  NA       12.10% 

Gardening    NA     11.52% 11.52% 

Sports    NA 10.50%  0.87%    11.37% 

Playing 1.46%  NA  0.29%   8.02% 9.77% 

House/Car maint.    NA     6.71% 6.71% 

Sitting    NA     4.66% 4.66% 

Biking/Scooter 2.33%  NA       2.33% 

Pool    NA    1.75%   1.75% 

Running 0.87%  NA 0.29%      1.17% 

AC
TI

VI
TY

 T
YP

E 

TOTAL 19.39% 0.00% 12.39% 0.29% 0.87% 1.75% 65.31% 100% 
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6.3.4. PUD3: Outdoor Activity Variety 

Other than frequencies, activity varieties for each of the six place categories in PUD3 were 

also analyzed. Variety scores ranged from one to six out of possible 11 different activity 

types. Gardens/ porches/lots category was the predominant place for activity as it afforded 

six different activity types. The potential activities afforded in gardens/porches/lots of PUD3 

were yard sale, gardening, standing, playing, maintenance, and sitting. Streets scored five 

in terms of activity variety with walking, standing, biking or scootering, playing, and running 

activities. Open spaces were the third activity category in terms of activity variety with a 

score of four different activities which were sports, yard sale, standing, and running. Parks 

and playgrounds, sports areas, pool and clubhouse complex all afforded only one type of 

activity. 

 

6.3.5. PUD3: Spatial Distribution of Outdoor Activities 

Overall, the behavior map of PUD3 showed that the activity was mostly evenly distributed in 

the neighborhood (Figures 6-20 and 6-21). Further, place based activities were common 

and observed throughout the neighborhood. Gardening, standing, sitting, playing activities 

were spread within residential clusters without showing specific density areas. Around the 

main amenity core, there was a slightly increased concentration of observations due to the 

pool and the clubhouse. In general, walking and similar movement related activities were 

infrequent and failed to form an overall pattern. In the northern section open spaces were 

utilized by golf players which comprised the only distinction in use within this cluster. 

 

Figure 6-24 shows a snapshot from a residential cluster located in the south-section of 

PUD3 in close proximity to the amenity core where the pool, clubhouse, tennis courts and 

playground were located. The use patterns in this cluster indicated low levels of walking and 

high levels of garden based activities, mostly standing and gardening. Some children’s play 

activities were also present. Even though the only playground of the neighborhood was 

located in very close proximity, children’s play in this cluster took place in the cul-de-sac, 

and in gardens of individual houses (Figure 6-25).  Higher levels of garden and lot use in 

this area might be a factor contributing to children’s play activities, which suggests relations 

between different place-based activities within the same area.  Other factors might be not 

metric but configurational accessibility or low micro-scale design quality of the playground 

which may fail to facilitate use.  

 



 141

 

Figure 6-24 PUD3: Detail from behavior map 

 

    

Figure 6-25 PUD3: A cul-de-sac (left) and playground (right) 

 
6.3.6. PUD3: Normalizing Data 

A second phase of analysis of behavior mapping data of PUD3 was done by removing the 

observations that involved the yard sale and looking at the observations when the input of 

this special event was removed. Normalizing the behavior mapping data by removing yard 

sale observations resulted in a total number of 516 observations and 10 different activity 

categories excluding yard sale category. Removal of yard sale changed the percentages of 

activity categories and resulted in five categories with similar percentages ranging from 

18% to 13%. In descending order, these activity types were standing (18.41%), walking 

(16.09%), gardening (15.31%), sports (15.12%), and playing (12.98%).Subsequently, 

these were followed by maintenance activities with 8.91% and sitting activities with 6.20%. 
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The remaining activity categories biking or scootering (3.10%), pool activities (2.33%), and 

running (1.55%) each constituted less than 4% of all observations after the adjustment 

(Figure 6-26). 

 

PUD3 Activity types (excluding yard sale)

1.55%

2.33%

3.10%

6.20%

8.91%

12.98%

15.12%

15.31%

16.09%

18.41%

0% 5% 10% 15% 20% 25% 30% 35% 40%

running

pool

biking/scooter

sitting

house/car maintenance

playing

sports

gardening

walking

standing

 

Figure 6-26 PUD3: Activity types (normalized) 

 

This removal of yard sale observations did not change the categories’ ranking according to 

place of activity but resulted in changes in percentages. Garden, porch and lot-based 

activities were again the most frequently observed place category among all of the six 

categories and with a slight decrease in percentage to 55.04%, they still comprised more 

than half of all observations.  Almost a quarter of all observations (25.78%) were street-

based activities which were followed by open space activities with an occurrence of 15.31%. 

The remaining place categories were again activities taking place in pool and clubhouse 

(2.32%), in sports areas (1.16%), and in parks and playgrounds (0.39%) (Figure 6-27). 

 

The removal of yard sale category caused a decrease in activity variety score of 

garden/porch/lot category. Thus, the garden/porch/lot category scored five out of 10 but 

still preserved the top place among categories in terms of activity variety. Similar to the first 

stage of analysis including yard sale observations, streets scored a five. Open spaces 

afforded four different activity types, and parks/playgrounds, sports areas, and 

pool/clubhouses afforded only single types of activities. Table 6-8 shows the normalized 

data and related categories with their percentages. 
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PUD3 Place types (excluding yard sales)
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Figure 6-27 PUD3: Place types (normalized) 

 

Table 6-8 PUD3: Activity type and place of activity matrix (normalized) 

PLACE OF ACTIVITY 
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Yard sale    NA 0.87%    23.91% 24.78% NA

Standing 2.62%  NA 0.73%    10.50% 13.85% 18.41%

Walking 12.10%  NA       12.10% 16.09%

Gardening    NA     11.52% 11.52% 15.31%

Sports    NA 10.50%  0.87%    11.37% 15.12%

Playing 1.46%  NA  0.29%   8.02% 9.77% 12.98%

House/Car maint.    NA     6.71% 6.71% 8.91%

Sitting    NA     4.66% 4.66% 6.20%

Biking/Scooter 2.33%  NA       2.33% 3.10%

Pool    NA    1.75%   1.75% 2.33%

Running 0.87%  NA 0.29%      1.17% 1.55%

TOTAL 19.39% 0.00% 12.39% 0.29% 0.87% 1.75% 65.31% 100% NA

AC
TI

VI
TY

 T
YP

E 

TOTAL 
(Normalized 
excluding yard 
sales event) 

25.78% 0.00% 15.31% 0.39% 1.16% 2.32% 55.04% 100%
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6.4. FINDINGS FROM BEHAVIOR MAPPING IN PUD4 

Overall 570 people were observed in PUD4 as a result of 10 behavior mapping cycles. Of 

these 570 observations, 21.75% (124 observations) were observed in weekday readings 

and 78.25% (446 observations) were observed in weekend readings. According to user 

types, of total 570 observations, 33.51% (191 observations) were men, 24.91% (142 

observations) were women, 36.84 % (210 observations) were children, and 4.74% (27 

observations) were teens. Table 6-9 shows the distribution of observations according to 

user type and day of week.  

 

Table 6-9 PUD4: Behavior map observations according to day of week and user type 

PUD4 Weekday Weekend day TOTAL 

User type # of 
observations Percentage # of 

observations Percentage # of 
observations Percentage 

Man 40 32.26% 151 33.86% 191 33.51%

Woman 38 30.65% 104 23.32% 142 24.91%

Teen 7 5.65% 20 4.48% 27 4.74%

Child 39 31.45% 171 38.34% 210 36.84%

TOTAL 124 100% 446 100% 570 100%

 

 

Figure 6-28 shows the weekend and weekday observations on the map.  More residents 

used the playground and the greenway in weekends compared to weekdays. Despite these 

local increases, overall, the increase in weekend use compared to weekday use was not 

clustered within the neighborhood boundaries. Rather, it was more evenly distributed 

between streets and gardens. However, the town park located adjacent to the PUD, showed 

dramatic increase in use in weekends compared to weekdays. 

 

PUD4 is located adjacent to a town park of moderate size. Even though the town park is not 

within the boundaries of PUD officially, due to proximity and direct access from the 

neighborhood, it acts as a part of the neighborhood. For this reason, the town park was 

also included in behavior mapping cycles and observed as if it was a part of PUD4. Because 

of this, PUD4 behavior mapping data was analyzed in two stages: including and excluding 

the town park observations.  
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Figure 6-28 PUD4: Overall behavior map showing weekday/weekend users 

 

 

6.4.1. PUD4: Outdoor Activity Types 

The first phase of analysis was done including both the PUD4 and town park observations. 

According to activity types, 10 different activity categories were identified in PUD4. In 

alphabetical order, these categories were biking or scootering, gardening, house or car 

maintenance, playing, pool, running, sitting, sports, standing, and walking.  Among these 

categories, standing comprised 17.37% of all observations and was the most frequent 

activity category. This was followed by playing activities with 15.96%, walking with 13.68%, 

gardening with 12.63%, and sitting with 10.53% respectively. The rest of all activity 

categories observed in PUD4 had an occurrence lower than 10% each. In descending 

frequency order, these were pool activities (9.65%), biking and scooter (8.07%), sports 

activities (5.79%), house or car maintenance (5.44%), and running (0.08%) (Figures 6-29 

and 6-30). 
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Figure 6-29 PUD4: Overall behavior map showing activity types 
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Figure 6-30 PUD4: Activity types 
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6.4.2. PUD4: Place Types 

The observations were then analyzed according to the place of activity. For this purpose, six 

place categories were used which were street, open space, park/playground, 

pool/clubhouse, and garden/porch/lot. All place categories except for garden/porch/lot 

consisted of public spaces and garden, porch, and lot category was the only category for 

private/ semi private spaces.  

 

Of all observations, 36.14% involved garden, porch or lot based activities and made this the 

most frequently used place category. This category was formed by gardening, standing, 

house or car maintenance, playing, and sitting activities. These activities were followed in 

frequency by park and playground activities with 27.72%. The activities observed in parks 

and playgrounds in PUD4 were playing, sitting, sports, standing, walking, and biking or 

scootering. Street activities ranked third in frequency and comprised 22.98% of all 

observations. Street activities observed in PUD4 were mostly walking, biking or scootering, 

standing, and playing and less frequently maintenance and running activities. Pool and 

clubhouse activities with 9.65%, greenway and trail activities with 2.28%, and open space 

activities with 1.23% were subsequent place categories (Figure 6-31). 
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Figure 6-31 PUD4: Place types 
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6.4.3. PUD4: Outdoor Activity Types in Relation to Their Places 

Table 6-10 shows the matrix developed using activity type and place categories.  When 

both activity type and place of activity were taken into account, gardening within residential 

units’ gardens and lots was the most frequent activity category and comprised 12.63% of 

all observations. Standing within garden or lot was the second most frequent activity with 

comparable percentage of 12.28%. In the activity type and place matrix, no other cell value 

was more than 10%. However, there were three cells with 9% frequency which were 

respectively walking on streets (9.82%), pool activities in pool and clubhouse complex 

(9.65%), and children’s play in parks and playgrounds. Sitting in parks and playgrounds 

(7.37%), biking or scootering in streets (6.67%), sports activities in parks and playgrounds 

(5.79%), and maintenance activities in garden/porch/lots (4.74%) followed.  All other cell 

values were less than 4%. Table 6-10 shows the matrix in detail. 

 

Table 6-10 PUD4: Activity type and place of activity matrix 

PLACE OF ACTIVITY 
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Standing 2.11% 0.35%  2.63% NA  12.28% 17.37%

Playing 2.98%  0.53% 9.12% NA  3.33% 15.96%

Walking 9.82% 1.23% 0.18% 2.46% NA    13.68%

Gardening    0.00% NA  12.63% 12.63%

Sitting    7.37% NA  3.16% 10.53%

Pool     NA 9.65%   9.65%

Biking/Scooter 6.67% 0.53% 0.53% 0.35% NA    8.07%

Sports    5.79% NA    5.79%

House/Car maint. 0.70%     NA  4.74% 5.44%

Running 0.70% 0.18%    NA    0.88%
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TY
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E 

TOTAL 22.98% 2.28% 1.23% 27.72% 0.00% 9.65% 36.14% 100.00%

 

 

6.4.4. PUD4- Outdoor Activity Variety 

Other than frequencies, activity varieties for each of the six place categories in PUD4 were 

also analyzed. Variety scores ranged from one to six out of possible 10 different activity 

types. Parks, playgrounds, and streets categories both were the top categories affording six 

different activity types. Activities afforded in parks and playgrounds of PUD4 were playing, 
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sitting, sports, standing, walking, and biking or scootering. Activities afforded on streets 

within PUD4 were walking, biking or scootering, playing, standing, maintenance and 

running. Gardens, porches and lots category was the third in terms of activity variety with a 

score of five different activities, which were gardening, standing, house or car maintenance, 

playing, and sitting. Greenways and trails category afforded four different activities 

including walking, biking or scootering, standing and running. This was followed by open 

spaces in PUD4 which afforded three different types of activities such as playing, biking or 

scootering, and walking.  Pool and clubhouse complex afforded only one type of activity. 

 

6.4.5. PUD4: Spatial Distribution of Outdoor Activities 

Overall, the only distinction in the behavior map of PUD4 was between the residential 

clusters and the main driveway. Within the residential clusters, the activities were evenly 

distributed and mostly place-based including gardening, standing, sitting, and playing. 

Along the main driveway, use concentrations were observed in the amenities. The 

playground, pool and the clubhouse located along the main driveway, showed higher 

concentrated use levels. Also, compared to the residential clusters, more walking was 

observed through this main driveway and the area where it connected to the greenway. 

town park, located adjacent to the neighborhood, was the most intense use area.  

 

Within the residential units, children of school age were mostly observed playing in cul-de-

sacs. Figure 6-32 displays three different areas showing these occurrences and photos of 

cul-de-sacs follow (Figure 6-33). 

 

 

Figure 6-32 PUD4: Detail from behavior map 
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Figure 6-33 PUD4: Cul-de-sacs 

 

It is known that cul-de-sacs create off-traffic environment which might be preferred by 

parents for their children’s play activities (Frank, Engelke, and Schmid 2003). However, 

considering the design qualities of these cul-de-sacs, which lacked any type of shade 

elements, it is questionable whether these were solely because that the cul-de-sac area 

offered better play environment or the neighborhood lacked better play environments 

accessible both in sense of configuration and distance.  

 

6.4.6. PUD4: Normalizing Data 

A second phase of analysis of behavior mapping data of PUD4 was done by removing the 

observations that took place in the town park, and looking at the observations that took 

place in PUD4 only. Normalizing the behavior mapping data by removing town park 

observations resulted in a total number of 428 observations. The removal of town park 

changed the frequency percentages of activity categories. Standing activity increased in 

percentage to 19.63% and remained the highest activity category in terms of frequency. 

Gardening activity increased to 16.82% and became the second frequently observed activity 

type. Walking with 14.95%, playing with 12.85%, pool activities with 12.85%, and biking 

and scootering with 10.28% were other activity types with similar frequencies all above 

10%. Remaining activity types each had less than 10% occurrence after the adjustment: 

maintenance activities with 7.24%, sitting with 4.21%, running 1.17%. With the removal of 

town park observations, among all activity categories, especially sports activities’ and sitting 

activities’ relative frequencies changed noticeably. Since all sports activities took place in 

town park, adjustment removed this activity type category.  Percentages of sitting activities 

decreased with a drop of more than 5%. Playing activities showed a similar but more 

minimal decrease (Figure 6-34). 
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Figure 6-34 PUD4: Activity types (normalized) 

 

 

The removal of town park observations also changed the ranking of place categories and 

resulted in changes in percentages. Garden, porch and lot based activities were again the 

most frequently observed place category among all six categories. With an increase in 

percentage to 48.13%, they comprised almost half of all observations.  Street based 

activities constituted 30.61% of all observations in the normalized data. Activities taking 

place in pool and clubhouse with 12.85% made this group the third most frequently 

observed place category. Removal of the town park significantly reduced the parks and 

playground category to 3.74%, which was suggestive of the high use levels of the town 

park compared to the neighborhood parks located within PUD4. The remaining place 

categories and their use frequency percentages were greenways and trails with 3.04% and 

open spaces with 1.64% respectively (Figure 6-35). 

 

Removal of town park caused a large decrease in activity variety score of parks and 

playgrounds category. On contrary to town park affording six different types of activities, 

neighborhood parks within PUD4, due to their design characteristics, only afforded a single 

activity type, playing. Activity variety afforded by other place categories remained the same. 

Table 6-11 portrays the data normalized and related categories with percentages 
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PUD4 Place types (excluding Town Park)
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Figure 6-35 PUD4: Place types (normalized) 

 

 
Table 6-11 PUD4: Activity type and place of activity matrix (normalized) 

PLACE OF ACTIVITY 
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Standing 2.11% 0.35%  2.63%  NA  12.28% 17.37% 19.63%

Playing 2.98%  0.53% 9.12%  NA  3.33% 15.96% 12.85%

Walking 9.82% 1.23% 0.18% 2.46%  NA    13.68% 14.95%

Gardening     0.00%  NA  12.63% 12.63% 16.82%

Sitting     7.37%  NA  3.16% 10.53% 4.21%

Pool       NA 9.65%   9.65% 12.85%

Biking/Scooter 6.67% 0.53% 0.53% 0.35%  NA    8.07% 10.28%

Sports     5.79%  NA    5.79% 0.00%

House/Car 
maint. 0.70%     NA  4.74% 5.44% 7.24%

Running 0.70% 0.18%    NA    0.88% 1.17%

TOTAL 22.98% 2.28% 1.23% 27.72% 0.00% 9.65% 36.14% 100% NA
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TY

 T
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E 

TOTAL 
(Normalized 
excluding town 
park) 

30.60% 3.04% 1.64% 3.74% 0.00% 12.85% 48.13% 100%
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6.5. FINDINGS FROM BEHAVIOR MAPPING DATA: COMPARISON OF PUDS 

One of the main purposes of behavior mapping was to compare similarities and differences 

across PUDs in terms of activity types, frequencies, locations and varieties; and to 

understand how these related to spatial variables of the PUDs. In order to have reliable and 

valid comparison across PUDs, some further normalizations in behavior mapping data were 

necessary. In other words, some other variables that could have primary effects in 

observation frequencies had to be taken into account; and the data was manipulated 

accordingly. Variables such as number of households and number of people living in the 

neighborhood had been seen as two important variables for this purpose and were used in 

normalizing the data for comparison. 

 

The total number of observations per activity categories and per place categories was first 

normalized according to the total number of housing units including the multi family units, 

where present. This was done by taking a basic proportional measure of dividing the 

number of observations for each activity type and place combination of the total number of 

households in each PUD. This step was repeated for all cells values and for all PUDs. Tables 

6-12 and 6-13 show the normalized scores. 

 

Factors such as housing type, size and the like may attract residents with different profiles 

to the PUDs and, thus, on average may create differences in household sizes. This could 

generate population differences across PUDs that was not taken into account by normalizing 

using the number of households. Therefore, normalizing the behavior mapping data using 

PUD populations would provide more reliable results, or would confirm the normalization 

using the number of households in neighborhoods with similar profiles.  Census data could 

be accurate even at block level and this could be used in population estimates. However, as 

the time frame for PUD developments used in this study ranged from 1990-2002, some 

sections of the PUD cases were either under development or not yet occupied by 2000. 

Since the most recent census data dated to 2000, either the use of this or earlier census 

data would not provide accurate measures for PUD populations. Instead, household profile 

data gathered through the community survey provided a more accurate measure of average 

number of people per household in PUDs. As the community survey was distributed only to 

single family attached or detached units and has excluded multi-family housing, in the two 

PUDs accommodating multi-family housing, some educated estimates were used. 

Depending on a previous study done in one of the PUDs used in this study, average  

number of people per household in multi-family units was 1.5 people per unit (Demir, 

Moore, and Westhuizen van der, 2005). This number was used to estimate the multi-family 
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population in both PUDs with multi-family housing. Following this procedure, PUD resident 

populations were calculated. 

 

In PUD1 there were 620 housing units, of which 500 were single family attached or 

detached and 120 were multi-family housing.  The average number of people per household 

in single family residential units was 3.42 people per unit, and 1.5 people per multi-family 

units. This resulted in a population estimate of 1890 people for PUD1. In PUD2 there were 

in total 1175 housing units, with 670 of these being single family attached or detached and 

455 of these being multi-family units. The average number of people per single family units 

was 2.81 and 1.5 for multi family units. Thus, the estimated population for PUD2 was 2565 

people. In PUD3, there were of total 990 housing units and all were single family detached 

units. The average number of people per household was 2.7. The estimated population for 

PUD3, in this case, was 2673. In PUD4, there were, in total, 606 housing units and all were 

single family units. The average number of people per household was 3.286. The estimated 

population for PUD3 was 1991. These values were used in normalizing behavior mapping 

data according to PUD population.  

 

Both aggregate behavior mapping data (such as in PUD1) and normalized behavior mapping 

data where some special activities (such as yard sale even in PUD3) or places (such as the 

town park in PUD4) were removed were used in normalizing scores for PUD comparisons. In 

the same way, for PUD2, behavior mapping data both including and excluding utilitarian 

area was used. Normalized values were unit-free scores and, thus, using the normalized 

values PUD activity intensities for a specific activity type or place type, as well as the total 

scores, could be compared reliably. Tables 6-12 and 6-13 show the normalized data.   

 

After the normalization using the number of households, total activity scores of PUDs in 

descending order were as follows. PUD2 scored the highest with 1.02 followed by PUD1 

that scored 0.82, and PUD4 that scored 0.71. PUD3 had the lowest activity score with 0.52 

among all of the four PUDs studied.  When walking activity scores were examined, a similar 

ordinal series could be found. In terms of walking scores PUD2 held an ordinal rank of first 

with 0.35, PUD1 second with 0.20, PUD4 was third with 0.13, and PUD3 fourth, and last, 

with 0.08.  
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Table 6-12 All PUDS: Activity type matrix (normalized scores) 

PUD and Activity 
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PUD1            
Walking 121 0.20 0.06
Standing 83 0.13 0.04
Pool 66 0.11 0.03
House/Car maint. 55 0.09 0.03
Gardening 43 0.07 0.02
Biking/Scooter 41 0.07 0.02
Playing 35 0.06 0.02
Sitting 34 0.05 0.02
Sports 22 0.04 0.01
Running 8 0.01 0.00
TOTALSCR 508 0.82 0.27

  

PUD2        
Walking 414 0.35 0.16 308 0.12 
Standing 273 0.23 0.11 115 0.04 
Playing 134 0.11 0.05 76 0.03 
Sitting 109 0.09 0.04 38 0.01 
Pool 89 0.08 0.03 89 0.03 
Sports 52 0.04 0.02 52 0.02 
Gardening 49 0.04 0.02 49 0.02 
Biking/Scooter 38 0.03 0.01 37 0.01 
House/Car maint. 25 0.02 0.01 23 0.01 
Running 13 0.01 0.01 12 0.00 
TOTALSCR 1196 1.02 0.47 799 0.31 
PUD3        
Yard sale 170 0.17 0.06
Standing 95 0.10 0.04
Walking 83 0.08 0.03
Gardening 79 0.08 0.03
Sports 78 0.08 0.03
Playing 67 0.07 0.03
House/Car maint. 46 0.05 0.02
Sitting 32 0.03 0.01
Biking/Scooter 16 0.02 0.01
Pool 12 0.01 0.00
Running 8 0.01 0.00
SUBTOTAL 686 0.69 0.26
Normalization 170   
TOTALSCR 516 0.52 0.19

  

PUD4        
Standing 99 0.16 0.05
Playing 91 0.15 0.05
Walking 78 0.13 0.04
Gardening 72 0.12 0.04
Sitting 60 0.10 0.03
Pool 55 0.09 0.03
Biking/Scooter 46 0.08 0.02
Sports 33 0.05 0.02
House/Car maint. 31 0.05 0.02
Running 5 0.01 0.00
SUBTOTAL 570 0.94 0.29
Normalization 142   
TOTALSCR 428 0.71 0.21
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Table 6-13 All PUDS: Place of activity matrix (normalized scores) 

PUD and activity 
type 
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PUD1            
Street 219 0.35 0.12    
Garden/Porch/Lot 151 0.24 0.08    
Pool/Clubhouse 66 0.11 0.03    
Open space 31 0.05 0.02    
Greenway/Trail 28 0.05 0.01    
Sports area 13 0.02 0.01    
TOTALSCR 508 0.82 0.27    
PUD2       
Street 535 0.46 0.21 392 0.15 
Open space 207 0.18 0.08 34 0.01 
Garden/Porch/Lot 154 0.13 0.06 154 0.06 
Pool/Clubhouse 89 0.08 0.03 89 0.03 
Commercial units 81 0.07 0.03 0 0.00 
Park/Playground 57 0.05 0.02 57 0.02 
Sports Area 56 0.05 0.02 56 0.02 
Greenway/Trail 17 0.01 0.01 17 0.01 
TOTALSCR 1196 1.02 0.47 799 0.31 
PUD3       
Garden/Porch/Lot 443 0.45 0.17    
Street 133 0.13 0.05    
Open space 90 0.09 0.03    
Pool/Clubhouse 12 0.01 0.00    
Sports area 6 0.01 0.00    
Park/Playground 2 0.00 0.00    
SUBTOTAL 686 0.69 0.26    
Yard sale 170      
TOTALSCR 516 0.52 0.19    
Garden/Porch/Lot 
(Normalized 
excluding special 
event yard sale) 

279 0.28 0.10    

PUD4       
Garden/Porch/Lot 206 0.34 0.10    
Park/Playground 158 0.26 0.08    
Street 131 0.22 0.07    
Pool 55 0.09 0.03    
Greenway/Trail 13 0.02 0.01    
Open space 7 0.01 0.00    
SUBTOTAL 570 0.94 0.29    
Town park 142      
TOTALSCR 428 0.71 0.21    
Park/playground 
(Normalized 
excluding town 
park 

16 0.03 0.01    
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The scores normalized according to the total population yielded similar ordinal results but 

varied in magnitudes. PUD2 had the highest total activity score (0.47) signifying increased 

use of neighborhood outdoor spaces relative to the other three PUDs.  PUD1 had the 

second highest activity score (0.27) and thus ranked second from top in outdoor space use. 

In terms of total activity score, PUD4 ranked third (0.21), which indicated less outdoor 

space use compared to PUD1 and PUD2. PUD3 had the lowest total activity score (0.19) 

with the lowest level of outdoor space use compared to the other three PUDs.  Relative 

comparison of the total activity scores showed that PUD2 was by far higher in outdoor 

activity levels compared to the other three. Both PUD3 and PUD4 had comparable total 

activity scores in the lower end. PUD1 ranked in between the top and the bottom activity 

scores (Figure 6-36). 

 

In terms of activity types, certain activity scores showed variation across PUDs using both 

types of normalization. Specifically, walking activity differentiated noticeably between PUDs 

with more connected and less connected layouts, and between PUDs with and without 

utilitarian amenities. For instance, when normalized by population size, PUD2 (0.16) had the 

highest walking activity score followed by PUD1 (0.06), PUD4 (0.04) and PUD3 (0.03) 

respectively (Figure 6-36).  
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Figure 6-36 All PUDS: Activity and walking scores 
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Other than certain activity types, corresponding place categories were also examined using 

the normalized scores. Table 6-13 shows the normalized matrix across PUDs according to 

different place categories.  

 

Even when population sizes were taken into consideration, street activity intensities were 

different across PUDs. In particular, PUD2 had the highest occurrence of street activities 

with a score of 0.21 followed by PUD1 with a score of 0.12. PUD3 and PUD4 had lower 

street activity frequencies with corresponding scores of 0.07 and 0.05. A decrease in street 

activities corresponded to slight increases in place-based activities, such as activities that 

took place in gardens, porches and lots. Both PUD3 and PUD4 exhibited higher frequencies 

of garden/porch/lot based activities (0.10 each excluding yard sales in PUD3) compared to 

PUD1 (0.08) and PUD2 (0.06). When both activity type and activity place were considered 

in addition to population size, certain activity type and place combinations showed 

significant differences across PUDs. For instance, “walking on streets” frequency was 0.15 

for PUD2, 0.06 for PUD1, 0.03 for PUD3, and 0.03 for PUD4. 

 

Since normalization according to the estimated population was thought to provide more 

reliable results, interpretations were mainly made using this type of adjustment.  In terms 

of activity type, this indicated higher levels of movement-related activities, especially 

walking, in PUDs with more connected layouts. Comparing these with the intelligibility 

values of PUDs used in case selection, a similar explanation could be made especially for 

more connected PUDs. In other words, more connected PUDs, PUD1 and PUD2, had higher 

activity scores, signifying higher levels of outdoor space use compared to less connected 

PUDs, PUD3 and PUD4, where outdoor space use was relatively less.  Comparison of PUD2 

with PUD1 showed the contribution of utilitarian amenities to both total activity score and 

the walking score. Utilitarian amenities creating destinations for residents, and connected 

layout facilitating walking to these destinations had joint effect in outdoor space use and 

residents’ walking behavior in neighborhoods. 

 

In order to make one further comparison, PUD2 observations excluding the utilitarian area 

were normalized using the estimated population size and compared with the activity scores 

of the other three PUDs (Tables 6-12 and 6-13). Although the main purpose in this 

normalization was to eliminate the input made by the utilitarian amenities in PUD2, the total 

effect of the latter probably could not be fully removed. People walking to the utilitarian 

amenity core, who happened to be observed elsewhere in the neighborhood during 

behavior mapping, could not be excluded in this way. The normalized data likely 

underestimated the contribution of utilitarian amenities. 
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Comparison of activities in PUDs according to their places
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Figure 6-37 All PUDS: Place types 

 

When the PUDs were compared excluding the utilitarian amenities, ordinal classification in 

total activity scores did not change. Despite a decrease in the activity score from 0.47 to 

0.31, PUD2 still had the highest total activity score and thus showed the highest outdoor 

activity use across all PUDs. This decrease brought PUD2’s and PUD1’s activity scores into a 

comparable range (0.27 and 0.31), parallel to the range of their intelligibility scores (Figure 

6-38). 
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However, the normalization did not show a decrease of similar scale in walking activity 

scores. Even though walking activity score of PUD2 decreased from 0.16 to 0.12, the 

difference was still relatively higher compared to PUD1 which had a walking score of 0.06. 

This was interpreted in two ways. First explanation was related to the inability to remove 

the entire contribution of utilitarian amenities by just excluding the utilitarian area 

observations.  Second explanation was related to the difference in intelligibility values of the 

two PUDs. Even though layouts of both PUD1 and PUD2 were more intelligible (compared 

to PUD3 and PUD4), PUD2 had a higher intelligibility score compared to PUD1. Hence, in 

addition to the utilitarian amenities, higher intelligibility value of PUD2 layout may have 

contributed to higher walking scores in this neighborhood. 

 

Similarly, the street activity frequency score of PUD2 dropped from 0.21 to 0.15, which 

decreased the difference with PUD1. According to the normalized scores, PUD2 still 

constituted the highest street activity intensity with 0.15, followed by PUD1 with a score of 

0.12, PUD4 with a score of 0.07, and PUD3 with a score of 0.05.  

 

When these total activity scores and walking scores were compared with the intelligibility 

values, which were the quantitative measures of layout differences across PUDs, a parallel 

trend was observed, which suggested the influences of layout as a significant variable in 

outdoor space use in PUDs. Figure 6-38 shows the graph where all the normalized scores 

were plotted along with the intelligibility values.  
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Figure 6-38 All PUDS: Intelligibility and activity scores 
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Figure 6-39 shows the walking and total activity scores plotted along with the patterns in all 

syntactical variables that were used in this study including intelligibility, mean local and 

global integration, and mean connectivity. Among these syntactical measures, intelligibility 

followed a more similar pattern with overall outdoor use and walking compared global 

integration, local integration or connectivity. Intelligibility was a syntactical measure 

calculated using both integration and connectivity. But, rather than only integration or 

connectivity variables, the correlations between these two syntactical variables, which 

determined intelligibility, was more strongly associated with overall activity and walking 

levels. This finding suggested that intelligibility, compared to other syntactical measures, 

was a stronger determinant of outdoor space use, especially walking, in residential 

neighborhoods. 

PUD1 PUD2 PUD3 PUD4

w alking score

total activity score

intelligibility

mean global integration

mean local integration

mean connectivity

 

Figure 6-39 All PUDs: Syntactical variables and activity scores 
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6.6. SUMMARY: FINDINGS FROM BEHAVIOR MAPPING 

A summary of the major findings from behavior mapping for each PUD follows: 

PUD1: 

• In PUD1 walking was the most frequent outdoor activity type and comprised 24% 

of all observations. Streets were the most frequently used place type and comprised 

43% of all observation. Walking in streets was the most frequently observed activity 

type/place combination and comprised 21% of all observations.  

• In terms of activity variety, streets and open spaces within PUD1 afforded six 

different activity types each and scored the highest among other place types within 

the neighborhood. Streets of PUD1 afforded walking, standing, biking or scootering, 

playing, sitting, and running. Open spaces of PUD1 afforded walking, biking or 

scootering, playing, sitting, maintenance, and sports activities. 

• The behavior map of PUD1 showed that activity was not evenly distributed within 

the neighborhood. The use of neighborhood outdoor space was higher around the 

main amenity core where the village green, sports areas, and the clubhouse was 

located.  

• Neighborhood parks had very low levels of use or no use at all. Absence of micro-

scale design elements that may support a behavior setting program including 

benches, tables, play elements was the main contributor for this.  

• PUD1 had a total activity score of 0.27 when normalized by neighborhood 

population. The most frequent activity type, walking score was 0.06 and the most 

frequently used place type streets score was 0,12 when normalized using total 

number of people living in the neighborhood.  

PUD2: 

• In PUD2, walking was the most frequent outdoor activity type and comprised 35% 

of all observations. Streets were the most frequently used place type and comprised 

45% of al observation. Walking in streets was the most frequently observed activity 

type/place combination and comprised 33% of all observations.  

• In terms of activity variety, streets and open spaces within PUD2 afforded six 

different activity types each and scored the highest among other place types within 

the neighborhood. Streets of PUD1 afforded walking, standing, biking or scootering, 

playing, sitting, and running. Open spaces of PUD1 afforded standing, playing, 

sitting, biking or scootering, maintenance, and walking. 

• The behavior map of PUD2 showed that activity was not evenly distributed within 

the neighborhood. There was most intense use around the main village center 

where utilitarian amenities were located, around the sports and clubhouse complex, 

and the axis that connected the two areas. The use of neighborhood outdoor space 
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was higher around the main amenity core where the village green, sports areas, 

and the clubhouse was located.  

• Use of neighborhood parks and alleys was small due to a lack of use-supporting 

design features such as comfortable seating, shade elements, and proper 

landscaping.   

• PUD2 had a total activity score of 0.47 when normalized by neighborhood 

population. The most frequent activity type was walking with a score of 0.16 and 

the most frequently used place type was streets with a score of 0.21 when 

normalized using total number of people living in the neighborhood. When the 

utilitarian area was removed from the observations, total activity score was 0.31, 

walking score was 0.12, and street activity score was 0.15 after normalizing 

according to total number of people living in the neighborhood. 

PUD3: 

• In PUD3, yard sale observations formed the most frequent outdoor activity type and 

comprised 25% of all observations. When this special event category was removed, 

standing was the most frequent activity type and comprised 18% of all 

observations. Garden/porch/lot was the most frequently used place type and 

comprised 65% of al observations when yard sale observations were included, 55% 

of all observations when excluded. Yard sale in garden/porch/lots was the most 

observed activity type and place category combination. 

• In terms of activity variety, garden/porch/lots within PUD1 afforded six different 

activity types and scored the highest among other place types within the 

neighborhood. Gardens, porches, and lots of PUD1 afforded yard sales, gardening, 

standing, playing, maintenance, and sitting.  

• The behavior map of PUD3 showed that activity was mostly evenly distributed 

within the neighborhood. Overall place based-activities were common and observed 

throughout the neighborhood. In the amenity core, there was slight intensity due to 

increased use.  

• PUD3 had a total activity score of 0.19 when normalized by neighborhood 

population. After yard sales were removed, the most frequent activity type was 

standing with a score of 0.04. The most frequently used place type of 

garden/porch/lots had a score of 0.17 which included yard sale observations when 

normalized using total number of people living in the neighborhood.  

PUD4: 

• In PUD4 standing was the most frequently observed outdoor activity type and 

comprised 17% of all observations. Playing was the second highest outdoor activity 

type and had a comparable frequency of 16%. Garden/porch/lots were the most 
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frequently used place type and comprised 36% of all observation. Gardening in 

residential units’ gardens/lots was the most frequently observed activity type/place 

combination and comprised 13% of all observations.  

• In terms of activity variety, parks, playgrounds and streets of PUD4 all afforded six 

different activity types each. Parks and playgrounds of PUD4 afforded playing, 

sitting, sports, standing, walking, biking or scootering activities.  Streets of PUD4 

afforded walking, biking and scootering, playing, standing, maintenance, and 

running. 

• The behavior map of PUD4 showed that activity was not evenly distributed within 

the residential units, but had uneven concentrations along the main driveway 

around amenities. The town park, adjacent to the neighborhood, had the most 

intense use compared to other areas of the neighborhood.  

• Neighborhood parks had very low levels of use or no use at all in PUD4. On 

contrary, adjacent town park had very high use.  The presence of supporting micro-

scale design elements within the town park, such as sports areas, seating, play 

equipment, and sheltered picnicking, that may support behavior setting program 

was the main contributor for this.  

• PUD4 had a total activity score of 0.21 (excluding the town park observations) 

when normalized by neighborhood population. The most frequent activity types, 

standing and playing, scored 0.05 each. The most frequently used place type, 

garden/porch/lots, scored 0.10 when normalized using total number of people living 

in the neighborhood.  

 

The major findings for each PUD pair (explained in Chapter 3) used for comparison are as 

follows: 

• Comparison of the PUD1-PUD2 pair: In both neighborhoods, walking was the 

most frequently observed outdoor activity, streets were the most frequently used 

outdoor place category, and walking in streets was the most frequent activity 

type/place combination. Streets in both PUDs afforded the highest variety of 

activities compared to other place categories. Overall, both PUDs had higher levels 

of dynamic activities such as walking compared to place-based activities such as 

gardening. Both PUDs had higher concentrations of use around the main amenity 

core (village center). Activity within the residential clusters was more evenly 

distributed in both. PUD2 had a higher total activity score than PUD1, even after 

normalizing according to neighborhood population. Similarly, even after normalizing 

for population, walking levels in PUD2 was higher than PUD1.  

 



 165

• Comparison of the PUD1-PUD3 pair: Whereas in PUD1 walking was the most 

frequent activity, yard sales and standing were the most frequent activities in PUD3. 

Whereas in PUD1 streets was the most frequently used outdoor place category, 

gardens, porches, and lots were the highest in PUD3. While walking in streets was 

the most frequently observed activity type/place category in PUD1, yard sales in 

gardens/porches/lots was the most frequent pair in PUD3. In terms of activity 

variety, in PUD1 streets and in PUD3 gardens, porches, and lots afforded the 

highest variety among other place categories. Further, in PUD1 dynamic activities, 

rather than place-based activities typical of PUD3, were much more frequently 

observed.  Both PUDs had use concentrations around their main amenity cores. In 

other areas of the neighborhood, PUD3 had a more even distribution of use 

compared to PUD1. Walking was higher in PUD1 than in PUD3. Similarly, PUD1 had 

a higher total activity score than PUD3, even after normalizing for neighborhood 

population.  

• Comparison of the PUD3-PUD4 pair: In both PUDs, standing was the most 

frequent activity (when PUD yard sales were excluded). Gardens, porches, and lots 

were the most frequently used place type. In PUD4 gardening in residential units’ 

gardens, in PUD3 yard sales in residential units’ gardens were the most frequently 

observed activity type/ place combos. In both neighborhoods, amenity cores 

received some level of use concentrations. Within the residential clusters, outdoor 

space use was more evenly distributed. PUD4 had slightly higher total activity score 

than PUD3, and walking levels was slightly higher in PUD4 than in PUD3. 

 

6.6.1. Summary 

The findings acquired from behavior mapping can be summarized in four statements: 

• PUDs with connected layouts had higher levels of use of neighborhood outdoor 

spaces than PUDs with disconnected layouts.  

• PUD with both utilitarian and recreational amenities had higher levels of use of 

neighborhood outdoor spaces than PUDs with only recreational amenities. 

• PUDs with connected layouts had higher levels of use of street spaces compared to 

PUDs with disconnected layouts. On the contrary, PUDs with disconnected layouts 

had higher use of gardens, porches, and spaces within the lot. 

• The intensity of overall neighborhood outdoor space use and intensity of walking 

activity was correlated with intelligibility scores, which indicated possible influences 

of layout on outdoor activity intensities and types. 
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CHAPTER 7 

 

 

 

7. FINDINGS: COMMUNITY SURVEY 
This chapter reports the findings from the community survey which was used to understand 

physical and social activity patterns of residents of the four PUDs, as well as their 

perceptions and evaluations of the neighborhood environments. This chapter is organized 

into subsections relevant to the variables investigated within each section of the community 

survey. 

 

The community survey was sent to 150 randomly selected households in each PUD. The 

response rate in PUDs for the surveys ranged from 23% to 33%. Table 7-1 gives the 

response rates across PUDs. Some surveys that were returned back had to be rejected for 

several reasons (such as more than 30% incomplete, blank, temporary resident, not 

interested etc.). After this elimination, 162 surveys, which were complete and eligible, were 

included in the analysis. Average survey response rate was 27%, and a total of 162 

respondents participated in the study (Table 7-1).  

 

For both the households that were randomly selected and the households that completed 

and sent back the questionnaire and, thus, were included in the survey analysis, did not 

show any specific clustering or other non-random feature. 
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Table 7-1 Community survey response rate 

  

Total # of 
survey kits sent 

Total # of survey kits 
returned  
(includes eligible and 
not-eligible ones) 

Total # of survey 
eligible survey kits 
included in the 
analysis 

Response rate 
(calculated using 
eligible surveys only) 

PUD1 150 46 39 26.00% 

PUD2 150 52 50 33.33% 

PUD3 150 38 35 23.33% 

PUD4 150 41 38 25.33% 

TOTAL 600 177 162 27.00% 

 
 
7.1. RESPONDENTS’ PROFILE 

Of total 162 respondents 68% were females and 32% were males. The proportions of 

males to females were similar in three of the four PUDs, in PUD2, PUD3, and PUD4. 

However, in PUD1 almost half of the respondents were male and half were female.  The 

average age of the respondents was 42.2. PUD averages for age ranged from lowest 39 in 

PUD3 to highest 45 in PUD2 (Table 7-2).   

 

Table 7-2 Profile of respondents 

 

 

On average, there were three people living in each household. For PUD2 and PUD3 the 

average number of people per household was 2.7-2.8. In PUD1 and PUD4 the average 

household size was slightly larger making this average 3.2-3.4. The average number of 

children per household was one child. PUD1 and PUD4 had more children per household 

(1.47 and 1.36 respectively) compared to PUD2 and PUD3 (0.95 and 0.62 respectively). 

 

More than half of all respondents (54.14%) were working away from home. Professionals 

constituted 30.57% of all respondents followed by respondents working at home (14.65%) 

and respondents at home taking care of children (14.65%). Homemakers formed 13.38% of 

all respondents, while 10.19% of all respondents were retirees and 6.37% were students. 

RESPONDENTS' PROFILE 

Sex 

 

Average 
age 

Female Male 

Total # of 
respondents 

Average # of 
people per 
household 

Average # of 
children per 
household 

PUD1 42.9 20 19 39 3.4 1.47 

PUD2 45.5 37 13 50 2.8 0.95 

PUD3 39.2 26 9 35 2.7 0.62 PU
D

s 

PUD4 40.1 28 10 38 3.3 1.36 

All respondents 42.2 111 51 162 3.1 1.10 
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Table 7-3 gives detailed distribution of occupation according to gender and PUD categories. 

Overall, respondents’ profile distributions were similar across PUDs making the potential 

comparisons valid.  

 

Table 7-3 Sex and occupation of respondents 

Respondents' 
Occupation 
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PUD1-FEMALES 52.63% 26.32% 21.05% 31.58% 26.32%  5.26% 5.26%

PUD2-FEMALES 42.86% 25.71% 17.14% 22.86% 25.71% 22.86% 8.57%  

PUD3-FEMALES 52.00% 32.00% 4.00% 12.00% 8.00% 8.00% 8.00%  

PUD4-FEMALES 60.71% 17.86% 14.29% 21.43% 17.86% 3.57% 3.57%  

FEMALES TOTAL 51.40% 25.23% 14.02% 21.50% 19.63% 10.28% 6.54% 0.93%

PUD1-MALES 55.56% 55.56% 22.22%   5.56%    

PUD2-MALES 46.15% 46.15% 15.38%   7.69% 23.08%  

PUD3-MALES 66.67% 22.22% 22.22%   22.22%    

PUD4-MALES 80.00% 30.00%    10.00%    

MALES TOTAL 60.00% 42.00% 16.00%   10.00% 6.00%  

ALL 
RESPONDENTS 54.14% 30.57% 14.65% 14.65% 13.38% 10.19% 6.37% 0.64%

 

 

7.2. PHYSICAL ACTIVITY PATTERNS 

Physical activity patterns of respondents were studied in terms of participation and activity 

types. Physical activity participation was analyzed using frequency, duration and place. Also 

by determining participation levels, whether respondents in some PUDs were more likely to 

be physically active than others was tested in several ways. Likewise, activity type 

differences among PUDs were investigated. Overall, the main objective was to test the 

presence/absence of differences in physical activity patterns. These patterns would then be 

compared with the neighborhood physical environment, specifically site design variables 

including amenities and site layout. 

 

7.2.1. Physical Activity: Participation 

Respondents were asked whether or not they engaged in any moderate or vigorous physical 

activity in a usual week for at least 10 minutes at a time. The exact question was “Now, 

thinking about the moderate and vigorous activities you do in a usual week, do you do 
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MODERATE and/or VIGOROUS activities for at least 10 minutes at a time, such as brisk 

walking, bicycling, vacuuming, gardening, running, or anything else that causes some or 

large increases in breathing or heart rate?”, and the respondents were given the response 

options “yes” or “no”. 

 

A large proportion of respondents answered “yes” to this question indicating participation of 

“at least moderate intensity physical activity in a usual week for at least 10 minutes at a 

time”. In PUD1 one out of 39  respondents, in PUD2 one out of 50 respondents, in PUD3 

three out of 35 respondents, in PUD4 two out of 38 respondents reported no physical 

activity in a usual week and were classified  as “sedentary”. 

 

7.2.2. Physical Activity Participation: Place 

Information on places, frequencies and durations of physical activities was gathered from 

the respondents that participated for at least 10 minutes at a time in moderate or vigorous 

physical activity. With the help of 2X2 matrix (in and out of neighborhood, indoors and 

outdoors) four different place categories were created and were used to identify places of 

physical activities (Table 7-4). 

 

Table 7-4 Places for physical activity 

Places for Physical Activity 

  

Only 1 
place 

2 
different 
places 

3 
different 
places 

4 
different 
places 

TOTAL # of 
respondents who 
reported being active 
for at least 10 minutes 
at a time 

Number 4 24 7 3 38 
PUD1 

Percentage 10.53% 63.16% 18.42% 7.89% 100% 

Number 11 24 10 4 49 
PUD2 

Percentage 22.45% 48.98% 20.41% 8.16% 100% 

Number 4 21 3 4 32 
PUD3 

Percentage 12.50% 65.63% 9.38% 12.50% 100% 

Number 8 17 7 4 36 
PUD4 

Percentage 22.22% 47.22% 19.44% 11.11% 100% 

Number 27 86 27 15 155 All 
respondents Percentage 17.42% 55.48% 17.42% 9.68% 100% 

 

 

More than half (55.48%) of all respondents reported being physically active in at least two 

of the four place categories given, which included in neighborhood outdoors, in 

neighborhood indoors, out of neighborhood outdoors, and out of neighborhood indoors. 

17.42% of all respondents indicated being active in three different place categories. 

Percentage of respondents being physically active in only one place category was again 
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17.42%. Only 9.68% of respondents reported using all four of the place categories for 

physical activity. Table 7-4 shows the frequency distribution across PUDs and place 

categories. When respondents were grouped into corresponding PUDs, it was observed that 

in all four PUDs the majority reported being physically active in two of the four different 

place categories. 

 

Only 3.23% of all respondents reported only use of out-of-neighborhood spaces for physical 

activity and no use of neighborhood space, either indoors or outdoors (able 7-5). This 

amount was the highest for PUD3 with 6.25%, followed by PUD1 with 5.27 and PUD4 with 

2.78%. In PUD2 all respondents reported use of neighborhood spaces, either indoors, or 

outdoors, or both, for physical activity. 6.45% of all respondents reported no use of outdoor 

spaces for physical activity in and out of their neighborhood. This amount was higher in less 

connected PUDs compared to more connected ones. In PUD4 11.11% of respondents and 

in PUD3 9.38% of respondents, participated in physical activities only indoors and indicated 

no outdoor space use. These comprised 5.27% of respondents in PUD1 and 2.04% in 

PUD2. Table 7-5 shows these percentages. 

 

Table 7-5 Places for physical activity 

  

No neighborhood 
use (only out of 
neighborhood) 

No outdoor use 
(only indoors) 

TOTAL # of respondents 
who reported being active 
for at least 10 minutes at 
a time 

Number 2 2
PUD1 

Percentage 5.27% 5.27%
38 

Number 0 1
PUD2 

Percentage 0.00% 2.04%
49 

Number 2 3
PUD3 

Percentage 6.25% 9.38%
32 

Number 1 4
PUD4 

Percentage 2.78% 11.11%
36 

Number 5 10All 
respondents Percentage 3.23% 6.45%

155 

 

 
7.2.3. Physical Activity Participation: Frequency and Duration 

Physical activity participation in terms of frequency and duration was analyzed in three 

ways. First, the mean weekly total time of physical activity was analyzed across PUDs. 

Second, categorical analysis of respondents, as meeting or not-meeting the physical activity 

recommendations, was made. Third, categorical data was analyzed taking respondent 

profiles into consideration. 
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7.2.3.1. Analysis 1: Mean Weekly Physical Activity Time 

The number of sessions per week and total time per session data were combined to form 

total physical activity time per week for each place category: total time spent in 

neighborhood outdoors, in neighborhood indoors, out of neighborhood outdoors, and out of 

neighborhood indoors. In other words, the average time per session given by the 

respondent was multiplied by the number of weekly sessions and this procedure was 

repeated for each of the four place categories. The sum of the weekly time for all four 

categories gave the weekly total physical activity time per respondent.  

 

It is known that using BRFSS (Behavioral Risk Factor Surveillance System) data in raw form 

by using reported weekly physical time is not considered to be reliable; however, it is still 

one of the approaches to analyzing physical activity (Matthews, 2002). In order to apply all 

available and valid methods of analysis used in physical activity research, this study used 

analysis of weekly mean physical activity time, as well as other types of analysis. 

 

Respondents’ weekly physical activity time in minutes were plotted to see the general 

distribution pattern. For this purpose, the plots were generated for each PUD, as well as 

one for all respondents. Figure 7-1 shows the weekly total physical activity time of all 

respondents and the plots for each PUD follow (Figure 7-2). 

 

 

Figure 7-1 Weekly total physical activity time of all respondents 
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Figure 7-2 Weekly total physical activity time of respondents for each PUD 
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Plot patterns were skewed to the right with several outliers and bound by zero on the left; 

hence the shapes of the plots clearly suggested non-normality. Other than eyeballing, 

goodness-of-fit tests using normal quantile-to-quantile (q-q) plots were developed and the 

outputs proved non-normality. Figure 7-3 displays the q-q plot for aggregated data. Then, 

different fit tests employed in SAS software gave credible results for fitting a lognormal 

curve to the distribution of non-zero physical activity times. Figure 7-4 shows the lognormal 

q-q plots for PUD-level data. Therefore, it could be concluded that weekly total physical 

activity time was lognormally distributed aside from zeros. Since it was also of a subject of 

this study, same goodness of fit tests were done for weekly physical activity time spent in 

neighborhood outdoors. Similar distribution characteristics were also found for this place 

category. 

 

 

Figure 7-3 Q-Q plot for weekly total physical activity time of all respondents (normal 

quantiles) 
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Figure 7-4 Q-Q plots for weekly total physical activity time of respondents for each PUD 

(lognormal quantiles) 
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Data in lognormal distribution with zeros present certain problems commonly overlooked in 

statistical analysis. For this reason, literature had been searched for several examples of 

analysis of similar cases. Literature that focused on physical activity data distributions 

generally used normality assumption in statistical analysis. Thomas et al. (2002) have 

pointed to odd distributions in physical activity data and emphasized that violations of 

normality may possibly yield false results (Thomas and Thomas, 2002). Similarly, scholars 

from other disciplines also studied odd distributions and related analysis methods. For 

instance, Zhou et al. (1997, 1998, 1999) studied these issues specifically for lognormal 

distributions and lognormal distributions with zeros (Zhou, 1998; Zhou, Gao, and Hui, 1997; 

Zhou and Tu, 1999). Due to the similarity of distributions, this research utilized Zhou et al. 

analysis methods to compare weekly physical activity time of the four PUD cases. 

 

In order to compare mean physical activity time of the four PUDs several steps were taken. 

First, natural logarithmic transformations of both weekly total physical activity time and 

weekly physical activity time spent in neighborhood outdoors were taken. Since logarithmic 

transformation both normalizes data and also pulls outliers in, no outliers were excluded. 

Including the outliers and keeping data as a whole set was important because individuals 

with different physical activity levels were included in analysis. Both sedentary ones and 

very active individuals were represented in the data set. Second, using the suggested 

analysis methods for lognormal distributions with “zero” observations, the means and 

standard deviations for each PUD were calculated. Finally, the transformed scores were 

converted back to original scale and comparisons were made.  

 

The mean weekly time for PUDs ranged from seven hours and twenty minutes in PUD2, and 

seven hours and thirty-five minutes in PUD3, to eight hours and thirty-one minutes in PUD1 

and eight hours and twelve minutes in PUD4.  Figure 7-5 shows 95% confidence intervals 

for mean weekly physical activity time for all four PUDs.  
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95 % Confidence Intervals for Average Weekly Total 
Physical Activity: minutes spent in/out of neighborhood 

in/outdoors
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Figure 7-5 95% confidence intervals for mean total weekly physical activity time for PUDs 

 

These mean weekly time figures were higher compared to average results for adults 

obtained in other studies (Armstrong, 2000). This was explained in three different ways: 

First, respondents who were already physically active were interested in the research study 

and participated. Although the sample was random, this factor could not be controlled 

entirely. If the hypothesis “respondents who were already physically active responded to 

the community survey” were true, interesting neighborhood effects on physical activity are 

actually being detected. Even though this may be considered as a sample response bias, all 

respondents across neighborhoods were biased similarly in responding to the community 

surveys. In this case, the comparison of neighborhood physical activity levels would inform 

us about the influences of the neighborhood design on already active individuals. Second, 

the respondent profile of these PUDs could be influential. It is known that several intra-

personal variables such as education level and socio-economic status were also influential in 

physical activity behavior (King et al., 2000.; Sallis and Owen, 1999; Giles-Corti and 

Donovan, 2003). Since the PUDs were selected from upper-middle class socio-economic 

status, we would expect to find participants with a higher education level. This might be a 

factor resulting in weekly average physical activity time higher than national averages, 

which were determined by data with diverse population profiles. Third, and the last 

explanation, was that respondents may have overreported their physical activity time. 

Overreporting issues in surveys have major influences on the output of analysis (Czaja and 
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Blair, 1996). Respondents mostly either misrecall their activities; or telescope previous 

events, and include them in answering (Czaja and Blair, 1996). Social desirability may be 

another issue (Cjaza and Blair, 1996), where respondents considered being physically active 

as a socially desirable status, and thus overreport their activity levels. 

 

Other than mean estimates, t-tests for comparison of mean physical activity times for each 

PUD pair were done. The null hypothesis was that the mean weekly total physical activity 

times were equal for the PUDs in the pair. The alternate hypothesis was that the means 

were not equal. Table 7-6 shows the pairwise comparisons and reports p-values from t-

tests. None of the large p-values reached statistical significance to reject the null 

hypothesis. Therefore, it was plausible that mean weekly total physical activity time could 

be equal in the four PUDs. 

 

Table 7-6 T-tests for mean weekly physical activity time 

Hypothesis test results for physical activity time 

µPUDX1 : mean weekly total physical activity time in PUDX1 

µPUDX2 : mean weekly total physical activity time in PUDX2 

µPUDX1 - µPUDX2 : mean difference 

H0 : µPUDX1 - µPUDX2 = 0 

HA : µPUDX1 - µPUDX2 ≠ 0 

Difference t-score p-value 

µPUD1 - µPUD2 0.825 0.4118 

µPUD1 - µPUD3 0.544 0.5882 

µPUD1 - µPUD4 0.136 0.8918 

µPUD3 - µPUD2 0.128 0.8988 

µPUD4 - µPUD2 0.624 0.5345 

µPUD4 - µPUD3 0.397 0.6923 

 

 

The same procedure was repeated for the mean weekly physical activity time spent only in- 

neighborhood-outdoors. Mean estimates spent by respondents being physically active in 

their neighborhood outdoors were two hours and twenty-six minutes in PUD3, to three 

hours and fifteen minutes in PUD4, three hours and eighteen minutes in PUD2, and three 

hours and fifty minutes in PUD1. Even though the mean time was lower in PUD3 compared 

to the other three PUDs, the differences were not significant at the 95% confidence level.  
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95 % Confidence Intervals for Average Weekly Physical 
Activity: minutes spent in neighborhood outdoors for each 

PUD
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Figure 7-6 95% confidence intervals for mean weekly physical activity time spent in 

neighborhood outdoors 

 

T-tests for comparison of mean weekly physical activity time in-neighborhood-outdoors also 

did not yield any significant results. P-values were smaller compared to the ones obtained 

from total weekly time t-tests; however none of them reached statistical significance at the 

0.05 level. Therefore, it was concluded that on average respondents in one of the cases 

could be physically active for the same amount of time in their neighborhood and outdoors 

just like respondents in the other case. Table 7-7 gives in detail t-scores and related p-

values for PUD pairwise comparisons. 

 

Table 7-7 T-tests for mean weekly physical activity time in neighborhood outdoors 

Hypothesis test results for physical activity time (neighborhood outdoors only) 

µPUDX1 : mean weekly total physical activity time in PUDX1 

µPUDX2 : mean weekly total physical activity time in PUDX2 

µPUDX1 - µPUDX2 : mean difference 

H0 : µPUDX1 - µPUDX2 = 0 
HA : µPUDX1 - µPUDX2 ≠ 0 
Difference t-score p-value 
µPUD1 - µPUD2 0.594 0.554 

µPUD1 - µPUD3 1.493 0.139 

µPUD1 - µPUD4 0.594 0.554 

µPUD3 - µPUD2 1.246 0.216 

µPUD4 - µPUD2 0.057 0.954 

µPUD4 - µPUD3 1.051 0.296 



 179

7.2.3.2. Analysis 2: Categories for Physical Activity Levels 

Since using physical activity time from BRFSS questions in its raw form was not considered 

reliable (Matthews, 2002), categorical analysis was also performed. Categorical analysis 

utilized the Surgeon General’s “physical activity recommendation for health benefits” 

criteria, which was engaging in “moderate intensity physical activity for at least five times a 

week and 30 minutes in each session”, or “vigorous intensity physical activity for at least 

three times a week and 20 minutes in each session”; and categories were whether a 

respondent met the recommended level or not. 

 

The main focus of this research was daily life physical activity. This type of physical activity 

related more to moderate intensity physical activity than vigorous intensity physical activity. 

Also, findings from behavior mapping and community survey on physical activity types 

showed that respondents rarely engaged in vigorous intensity physical activities, such as 

running and jogging compared to moderate intensity physical activities. In accordance with 

these, respondents were only asked to report at least moderate level activities they 

engaged in.  For this reason, the criteria for moderate intensity physical activity were taken 

in categorizing the respondents as “meet” or “do not meet” the  Surgeon General’s criteria. 

 

First, sessions per week criteria was checked. All respondents who had five sessions per 

week or more were separated. Then, these respondents were checked for whether they 

fulfilled the time requirement per session. If they engaged in physical activity at least for 30 

minutes in a session they were considered as “meeting the physical activity 

recommendation”. All other respondents, that did not meet these criteria, were classified as 

“not meeting the physical activity recommendation”. 

 

Of all respondents, 65% met the recommendation levels while 35% did not. When these 

levels were analyzed for each PUD, around three quarters of both PUD1 and PUD2 

respondents met the weekly physical activity recommendations (74.36% and 76% 

respectively). In PUD4, 57.89% of all respondents met the physical activity criteria. PUD3 

was the only neighborhood where more than half of the respondents did not meet the 

physical activity criteria. Only 48.57% of participants from PUD3 met the recommended 

physical activity levels for health benefits. Table 7-8 shows the percentage distributions of 

meet and do-not-meet groups, and figure 7-7 shows 95% confidence intervals for 

proportion of respondents who met the recommended physical activity levels.  
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Table 7-8 Distribution of respondents according to meet/do not meet criteria across PUDs 

 PUD1 PUD2 PUD3 PUD4 All respondents 

Meet 74.36% 76.00% 48.57% 57.89% 65.43% 

Do not meet 25.64% 24.00% 51.43% 42.11% 34.57% 

Total 100.00% 100.00% 100.00% 100.00% 100.00% 

 

Proportion of Residents meeting Physical Act ivity 
Recommendations
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Figure 7-7 95% confidence intervals for the proportion of residents that met the 

recommended physical activity levels 

 

Overall, the percentages of respondents who met the recommended physical activity levels 

were higher than the State of North Carolina averages. According to BRFSS 1999 physical 

activity statistics (North Carolina Division of Public Health [NCDPH], 2001), the average 

percentage of North Carolina adults that reported no-leisure time physical activity in the 

past month was 27.7% and the percentage that reported some level of activity but did not 

meet the recommended levels was 81.5%. The percentage of adults who met the 

recommended levels increased positively with education and income. The neighborhoods 

that were studied in this research were examples of upper-middle class neighborhoods; the 

respondents were more likely to have higher education levels; and thus they were expected 

to have higher physical activity levels. The average proportion of respondents that met the 

recommended activity levels in this research study was higher, even when compared to the 

State statistics for similar education level. Of North Carolina adults who were college 

graduates, 84.4% reported that they engaged at some level of leisure-time physical activity 

during the past month (NCDPH, 2001). The estimated percentage of North Carolina adults 
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that met the recommended physical activity levels was between 21.1% and 29.4 % among 

college graduates (NCDPH, 2001). Individuals that were interested in physical activity may 

have responded to the community survey and, therefore, the physical activity rates were 

overall higher than the State averages for all four PUD cases. Since these rates were higher 

in all neighborhood cases; and since this research used a comparison logic and focused on 

patterns across cases; any bias related to higher-than-average activity levels were 

eliminated. 

 

T-tests were performed for comparing the proportions of respondents who did not meet the 

criteria. Unlike the analysis of mean time, comparisons of meet/do-not-meet proportions 

using categorical analysis gave significant results. Table 7-9 shows the two-tail p-values for 

each pairwise comparison.  Both PUD1 and PUD2 had significantly different proportion of 

respondents who did not meet the recommended levels compared to both PUD3 (p-value 

0.0187 and 0.0083) at the 0.05 level. When compared to PUD4, PUD2 had a significant 

difference at the 0.07 level. A PUD1 and PUD4 comparison resulted with a p–value of 0.12 

and, thus the null hypothesis could not be rejected. PUD1 and PUD2, PUD3 and PUD4 

comparisons had very high p-values suggesting likelihood of similar respondent proportions 

of meeting/not-meeting the criteria. 

 

Table 7-9 T-tests for differences of proportion of residents who did not meet the 

recommended level 

Hypothesis test results for physical activity levels 

πPUDX1 : proportion of people who do not meet recommended level of PA in 
PUDX1 
πPUDX2 :  proportion of people who do not meet recommended level of PA in 
PUDX2 

πPUDX1 - πPUDX2 : proportion difference 

H0 :πPUDX1 - πPUDX2 = 0 

HA : πPUDX1 - πPUDX2 ≠ 0 

Difference z-score p-value 

PUD1-PUD2 0.1776099 0.8590 

PUD1-PUD3 2.3515389 0.0187 

PUD1-PUD4 1.5485682 0.1215 

PUD2-PUD3 2.6411471 0.0083 

PUD2-PUD4 1.8048563 0.0711 

PUD3-PUD4 0.800883 0.4232 

 

It should be noted that these p-values were two-tailed tests for non-equal proportions. 

Depending on the literature, we could assume that more connected neighborhoods would 

support more physical activity than less connected ones (Moudon et al., 1997). Therefore, 

we could test the null hypothesis that the proportion of people who did not meet would be 
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less in connected neighborhoods. Since this would be a one-sided test, p-values would be 

half of the two-tailed tests. In this case, the p-value for the PUD2 and PUD4 comparison 

would be 0.035, and the p-value for the PUD1 and PUD4 comparison would be 0.06 

providing more significant results. 

 

7.2.3.3. Analysis 3: Physical Activity Level Categories in Relation to Respondent 

Profiles 

As a third approach, categorical analysis of physical activity data was performed in relation 

to respondents’ profiles. The main purpose of this analysis was to understand whether 

significant differences that were found by using only environmental level variables would 

still be present or not, when the individual level variables were taken into account. In other 

words, these results would enable us to understand whether the neighborhood site design 

or respondents’ profile were influential in differences in physical activity levels.  

 

Age, sex, and having children at home were used to describe respondents’ profiles. Age was 

treated as a continuous variable. Sex (female/male) and having children at home (yes/no) 

were treated as categorical variables. Physical activity levels were categorized as meeting or 

not meeting the recommended levels of weekly physical activity. Using these three profile 

variables, and PUD classes as explanatory variables, several logistical regression models 

were built in SAS.  

 

Model 1: Using Only Environmental-Level Variables  

First, a logistic regression model that used only environmental-level variables as explanatory 

variables was constructed. PUD classes were used as environmental-level variables and 

were studied in relation to physical activity level categories. In fact, this procedure is very 

similar to t-tests for comparison of PUDs utilized in the previous categorical analysis 

method. Dummy variables were created for each PUD class. Since PUD3 reached the most 

significant difference in relation to PUD1 and PUD2 in the previous analysis, this 

neighborhood was taken as the reference PUD in comparisons. The logistic regression 

results are given in table 7-10 below. 

 

The likelihood ratio test indicated a large chi-squared statistic and a small p-value (0.0272) 

which confirmed that using the PUD classes explain differences in proportions of meet/do-

not-meet categories among PUDs. Specifically, chi-squared statistics and related p-values 

for PUD1 and PUD2 in comparison to PUD3 were significant at the 0.05 level (p-values 

0.0245 and 0.0106 respectively). However, PUD4 did not reach any significant level in 

comparison to PUD3.  
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Table 7-10 Logistic regression using PUD classes 

Logistic regression model using only environmental level variables 

Model: binary logit for meet/do not meet criteria 

Variables in the model: PUD 

Model fit statistics 

Criterion Intercept only Intercept and covariates 

AIC 210.8930 207.7310 

SC 213.9800 220.0810 

 -2LogL 208.8930 199.7310 

Testing global null hypothesis: Beta =0 

Test Chi-square DF pr>Chi Sq 

likelihood ratio 9.1622 3 0.0272 

Analysis of effects 

Effect DF Wald-Chi sq pr>Chi sq 

PUD1 1 5.0574 0.0245 

PUD2 1 6.5336 0.0106 

PUD4 1 0.6460 0.4257 

Odds ratio estimates (given only for significant variables) 

Effect Point estimate 95% Wald confidence limits 

PUD1 3.071 1.155 8.163 

PUD2 3.353 1.326 8.478 

 

Other than this, PUD4 was taken as a reference PUD and the same procedure was 

repeated. Even though the overall model using PUDs as explanatory variables had a 

significant p-value, none of the PUDs reached statistical significance at the 0.05 in 

proportional comparison with PUD4. The p-value for the PUD2 and PUD4 comparison was 

slightly above the 0.05 significance level with 0.065. 

 

These results confirmed the previous categorical analysis conclusion that PUD was a 

significant variable in differences of categorical physical activity levels. PUD1 and PUD3, 

PUD2 and PUD3 differences indicated that PUDs with more connected layouts had a higher 

proportion of residents who met physical activity recommendations. PUD1 and PUD4, PUD2 

and PUD4 comparisons not reaching statistical significance at the 0.05 level were 

interpreted as follows: Even though PUD4 had a lower intelligibility value than both PUD1 

and PUD2, its intelligibility was higher than that of PUD3. Thus, it was possible that the 

difference could not reach statistical significance due to smaller sample sizes or smaller 

intelligibility value differences in PUD4-PUD1 and PUD4-PUD2 pairs, compared to PUD3-

PUD1 and PUD3-PUD2 pairs.  Amenity content of these PUDs could be another influential 

factor. Compared to PUD3, PUD4 offers a dispersed pattern of recreational amenities. 

Location of recreational amenities, in this sense, may be a significant factor. In PUD4, the 
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spread of amenities within the neighborhood might contribute to higher physical activity 

levels, compared to PUD3, by increasing proximal resources for residents use. 

 

In this respect, we could assert that residents living in PUDs with more connected layouts 

and dispersed amenity patterns would be more likely to meet the recommended levels of 

physical activities compared to disconnected layouts and centralized amenity patterns. Since 

intelligibility values for the PUDs were ordinal, the increase in intelligibility of PUDs could 

also be a predictor for increased levels of physical activity of residents. 

 

Model 2: Using Only Individual-Level Variables 

A logistic model was constructed using only individual profile variables such as age, sex 

(male/female), and children (having children at home/no children). The main purpose of 

this analysis was to understand whether any of these variables were good explicators of 

respondents’ physical activity levels regardless of in which neighborhood they lived.  

 

The likelihood ratio tests for the entire model that included respondents age, children, and 

sex gave a chi-squared statistic of 3.91 and thus did not result in a very small p-value 

(0.271) which suggested a powerful joint effect. Similarly, p-values for each separate 

variable did not detect any significance at the 0.05 level. For instance, the smallest p-value 

was for age variable 0.1077 (Table 7-11).  

 

Table 7-11 Logistic regression using individual-profile variables 

Logistic regression model using individual level variables only 
Model: binary logit for meet/do not meet criteria 
Variables in the model: age, sex, child 
Model fit statistics 
Criterion Intercept only Intercept and covariates 
AIC 210.8930 212.9790 
SC 213.9800 225.3300 
 -2LogL 208.8930 204.9790 
Testing global null hypothesis: Beta =0 
Test Chi-square DF pr>Chi sq 
likelihood ratio 3.9135 3 0.271 
Analysis of effects 
Effect DF Wald-Chi sq pr>Chi sq 
Age 1 2.5881 0.1077 
Sex (female) 1 0.5625 0.4533 
Child (yes) 1 0.4058 0.5241 

 

Compared to the previous model with only environmental level variables (PUDs), this model 

with only individual variables was less powerful in explaining differences in the levels of 

physical activity among PUDs. The chi-squared statistic for covariates for the model with 

PUDs as classes (9.162) was higher than the model with individual level variables (3.914) 
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with the same degrees of freedom. Models were also developed for either one or two of 

these three profile variables. However, similarly no statistical significance was found at the 

0.05 level. 

 

Model 3: Using Both Environmental-Level and Individual-Level Variables 

Logistical regression was performed using both environmental level and individual level 

variables. PUDs, sex, having child/no child were used as class variables and age was used 

as a quantitative variable. All variables were used to explain the differences in physical 

activity levels (meet/not meet).   

 

When all these variables were in the model, the chi-squared statistic for co-variates was 

12.71 and the related p-value was 0.0479 (Table7-12). The small p-value indicated 

statistical significance for the overall model in explaining physical activity level differences. 

Among individual variables in the model, only PUD1 and PUD2 had low p-values that could 

detect statistical significance at the 0.05 level (0.0145 and 0.0158) respectively. Other 

variables in the model had high probability values and did not yield statistically significant 

results. 

 

Table 7-12 Logistic regression using both PUD classes and individual-profile variables 

Logistic regression model using both environmental level and individual level variables 
model: binary logit for meet/do not meet criteria 
variables in the model: PUD, age, sex, child 
Model fit statistics 
Criterion Intercept only Intercept and covariates 
AIC 210.8930 210.1820 
SC 213.9800 231.7950 
 -2LogL 208.8930 196.1820 
Testing global null hypothesis: Beta =0 
Test Chi-square DF pr>Chi sq 
likelihood ratio 12.7112 6 0.0479 
Analysis of effects 
Effect DF Wald-chi sq pr>Chi sq 
PUD1 1 5.9777 0.0145 
PUD2 1 5.8264 0.0158 
PUD4 1 1.1134 0.2913 
age 1 1.0081 0.3154 
sex (female) 1 1.2014 0.2730 
child (yes) 1 1.2179 0.2698 
Odds ratio estimates (given only for significant variables) 
Effect Point estimate 95% Wald confidence limits 
PUD1 3.768 1.301 10.914 
PUD2 3.265 1.249 8.536 
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The results of logistic regression using both environmental and individual variables agreed 

with the results of logistic regression using environmental variables only. Even when 

individual differences among respondents - as measured by their sex, having children or 

not, and age - were also taken into account, PUD level differences were more powerful 

predictors for respondents’ physical activity levels. Specifically, for respondents having the 

same sex, age and child condition, respondents living in PUD1 and PUD2 were more likely 

to be more physically active and thus meet the recommended activity levels compared to 

respondents living in PUD3.   

 

Therefore, results of this last type of analysis suggested that environmental variables, such 

as site layout and amenities are influential in determining level of physical activity an 

individual much more than individual level variables, such as age, sex, or child condition. 

 

7.2.4. Physical Activity Patterns: Activity Types 

Respondents who, in a usual week, participated in any type of moderate or vigorous 

intensity physical activity for at least 10 minutes at a time in their neighborhood outdoors 

were asked to indicate the type of activities they engaged in using the activity checklist 

given. The activity checklist was composed of 13 types of physical activities which 

integrated four different types of “walking according to its purpose”, eight other activity 

types, and the open-ended “other” option. One hundred fifty-five respondents who said that 

they engaged in such an activity in their neighborhood outdoors reported of total 640 

activity responses and this corresponded to an average of 4.12 activity responses per 

respondent (Table 7-13).  

 

Gardening and yard work was the most frequently reported activity covering 15.43% of all 

responses. Ninety-nine people out of 155, in other words 63.87% of all respondents who 

were active in neighborhood outdoors at some level, checked this activity. Walking for 

exercise was the second frequently reported physical activity and included 14.53% of all 

responses.  Of the respondents who were active in their neighborhood outdoors at any level 

or intensity, 60% told they walked for exercise. Walking to get from place to place and 

maintenance activities constituted a little above 10% of all responses and ranked third and 

fourth from top in frequency respectively. Around 43.87% of respondents, who participated 

in at least moderate level outdoor physical activity in their neighborhoods, reported walking 

for the purpose to get from place to place. Similarly, 43.23% of the same group reported 

car or house maintenance as a type of physical activity they engaged in their 

neighborhoods. Walking for leisure, walking the dog and playing with the kids each covered 

8 to 9% of all responses.  Walking for leisure was checked by 40.65%, walking the dog by 
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36.77%, and playing with the kids by 34.84% of respondents who engaged in at least 

moderate level physical activity in neighborhood outdoors. Running and jogging, bicycling, 

and swimming, each covered 5% of responses. The subsequent categories in response 

frequency were playing sports (3.44%), roller blade or skating (0.47%) and other activities 

(1.56%). Figure 7-8 and table 7-13 show related frequencies. 

 

Physical activity types respondents engage
 in their neigborhood and outdoors 

15.47%

14.53%

10.63%

10.47%

9.84%

8.91%

8.44%

5.78%

5.47%

5.00%

3.44%

0.47%

1.56%
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Figure 7-8 All respondents: Physical activity types 2 
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Table 7-13 All respondents: Physical activity types 1 

Responses taken as unit of analysis # of responses Percentage 

Gardening/Yard work 99 15.47% 

Walking for exercise 93 14.53% 

Walking to get from place to place 68 10.63% 

Car/House maintenance 67 10.47% 

Walking for leisure 63 9.84% 

Walking the dog 57 8.91% 

Playing with the kids 54 8.44% 

Running/jogging 37 5.78% 

Bicycling 35 5.47% 

Swimming 32 5.00% 

Playing sports 22 3.44% 

Rollerblade/Skating 3 0.47% 
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Total # of responses 640 100% 

 

 
Then, respondents were divided into corresponding PUDs and similar percentages were 

calculated for the distribution of these activities in each PUD. Activities in each PUD were 

studied taking both respondents and responses as units of analysis.  

 

7.2.4.1. PUD1: Physical Activity Types 

In PUD1, 38 respondents, who in a usual week engaged in at least moderate intensity 

physical activity in their neighborhood outdoors that lasted more than 10 minutes a session, 

reported of total 169 responses for the activity type. This corresponded on average to 4.45 

activity type responses out of 13 per active respondent. A response-based examination of 

activity type frequencies showed that walking for exercise was the most frequently reported 

physical activity with 14.20% of all responses. Gardening and yard work, involving 11.83% 

of all responses, was the second frequently mentioned physical activity. Walking for leisure 

demonstrated a similar occurrence with 11.24% of all responses followed by walking to get 

from place to place stated at a 10.65% frequency. In being physically active, 9.47% of all 

responses indicated that respondents played with their kids. 8.88% of all responses 

involved maintenance activities followed by swimming and walking the dog both at an 

8.28% frequency each. Bicycling comprised 7.10%, running and jogging 7.10%, playing 

sports 1.78% rollerblading and skating 0.59% of all responses. 0.59% of all responses did 

not cover any of the given activity types and related to other category (Figure 7-9).  

 

Combining all walking activity categories, which were walking to get from place to place, 

walking for exercise, walking for leisure, walking the dog showed that 44.38% of all 

responses involved some type of walking behavior. Thinking that walking the dog was 
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related to dog ownership and might not reflect a valid category for respondents who did not 

own one; walking categories were recombined excluding walking the dog responses. To get 

an accurate percentage, walking the dog responses were also excluded from total number 

of responses decreasing them to 155. In this case, 39.35% of all responses given for 

outdoor physical activity types involved some type of walking activity (Figure 7-9).  
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swimming
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Figure 7-9 PUD1: Physical activity types 1 

 

Per respondent analysis yielded similar results in PUD1. Walking for exercise was reported 

as a physical activity type by 63.16 % of all respondents who engaged in physical activity in 

outdoor spaces within their neighborhood, followed by gardening and yard work reported 

by 52.63% of all respondents. Half of the respondents said they walked for leisure and 

47.37% said they walked to get from place to place in their neighborhoods. 42.11% of 

active respondents reported playing with their kids as an outdoor physical activity. 

Subsequent physical activity types and the related frequencies were as follows: 

maintenance activities 39.47%, swimming 36.84%, walking the dog 36.84%, bicycling 

31.58%, running/jogging 31.58%, playing sports 7.89%, and roller blade/skating 2.63% of 

all respondents (Figure 7-10). 
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Figure 7-10 PUD1:  Physical activity types 2 

 

7.2.4.2. PUD2: Physical Activity Types 

In PUD2, 49 respondents, who in a usual week engaged in at least moderate intensity 

physical activity in their neighborhood outdoors that lasted more than 10 minutes a session, 

reported of total 198 responses for the activity types. This corresponded to 4.04 activity 

type responses out of 13 per active respondent. A response-based examination of activity 

type frequencies showed that walking to get from place to place was the most frequently 

reported physical activity in PUD2 with 18.18% of all responses. Gardening and yard work, 

and walking for exercise each involving 15.66% of all responses, were the second 

frequently mentioned outdoor physical activity types. Walking for leisure became the fourth 

category with 9.60 % of all responses. This was followed by maintenance activities, such as 

car or house maintenance, which covered 8.59% of all responses given. Walking the dog 

demonstrated a similar occurrence with 8.08%. Running jogging with 6.06%, playing with 

the kids with 5.055, playing sports with 4.04%, bicycling with 4.04%, swimming with 

2.02%, rollerblade and skating with 0.51% were the subsequent physical activity types 

respondents reported doing in their neighborhood outdoors. Of all responses, 2.53% did not 

cover any of the given activity types and related to “other” category (Figure 7-11).  



 191

PUD2 (responses as unit of analysis)

51.52%

47.25%

18.18%

15.66%

15.66%

9.60%

8.59%

8.08%

6.06%

5.05%

4.04%

4.04%

2.02%

0.51%

2.53%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60%

all walking combined

all walking combined (excl. walking the dog)

walking to get from place to place

walking for exercise

gardening/yardwork

walking for leisure

car/house maintenance

walking the dog

running/jogging

playing with the kids

playing sports

bicycling

swimming

rollerblade/skating

other

 

Figure 7-11 PUD2: Physical activity types 1 

 

Combining all walking activity categories obtained from PUD2 participants, which were 

walking to get from place to place, walking for exercise, walking for leisure, walking the 

dog, showed that more than half of all responses (51.52%) involved some type of walking 

behavior. Thinking that walking the dog was related to dog ownership and might not reflect 

a valid category for respondents who did not own one; walking categories were recombined 

excluding walking the dog responses. To get an accurate percentage, walking the dog 

responses were also excluded from total number of responses decreasing them to 182. In 

this case, 47.25% of all responses given for outdoor physical activity types involved some 

type of walking activity (Figure 7-11).  

 

Per respondent analysis yielded similar results. Walking to get from place to place was 

reported as a physical activity type by near three quarters (73.47%) of all respondents who 

engaged in physical activity in outdoor spaces of their neighborhood.  Gardening and yard 

work and walking for exercise were both reported by 63.27% of all respondents. Of the 

respondents, 38.78% said they walked for leisure and 34.69% said they involved in house 

or car maintenance activities. Of the active respondents, 32.65% walked their dogs as an 
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outdoor physical activity they did in their neighborhoods. Subsequent physical activity types 

and the related frequencies were as follows: running or jogging 24.49%, playing with the 

kids 20.41%, bicycling 16.33%, playing sports 16.33%, swimming 8.16%, and roller 

blade/skating 2.04% of all respondents (Figure 7-12). 
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Figure 7-12 PUD2: Physical activity types 2 

 
7.2.4.3. PUD3: Physical Activity Types 

In PUD3, 32 respondents who in a usual week engaged in at least moderate intensity 

physical activity in their neighborhood outdoors that lasted more than 10 minutes a session 

reported of total 106 responses for the activity type. This corresponded to 3.31 activity type 

responses out of 13 per active respondent. A response based examination of activity type 

frequencies showed that gardening and yard work was the most frequently reported 

physical activity with 21.70% of all responses. Maintenance activities including car and 

house maintenance involved 16.04% of all responses, were the second frequently 

mentioned outdoor physical activity types respondents engaged in their neighborhoods. 

Walking for exercise became the third category with 14.15% of all responses. This was 

followed by walking the dog and playing with the kids each covering 9.43% of all responses 
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given. Walking for leisure demonstrated a similar occurrence with 8.49%. Both bicycling 

and running or jogging comprised 5.66% of all responses. Swimming with 4.72% and 

playing sports with 2.83% were the subsequent physical activity types. Only 0.94% of all 

responses related to walking to get from place to place. None of the respondents reported 

engaging in rollerblade or skating. 0.94% of all responses did not cover any of the given 

activity types and related to other category (Figure 7-13). 
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Figure 7-13 PUD3: Physical activity types 1 

 

Combining all walking activity categories, which were walking to get from place to place, 

walking for exercise, walking for leisure, walking the dog showed that 33.02% of all 

responses involved some type of walking behavior. Thinking that walking the dog was 

related to dog ownership and might not reflect a valid category for respondents who did not 

own one; walking categories were recombined excluding walking the dog responses. To get 

an accurate percentage, walking the dog responses were also excluded from total number 

of responses, decreasing them to 96. In this case, slightly more than a quarter (26.04%) of 

all responses given for outdoor physical activity types respondents engaged in their 

neighborhoods involved some type of walking activity (Figure 7-13).  
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Figure 7-14 PUD3: Physical activity types 2 

 

Per respondent analysis yielded similar results (Figure 7-14). Gardening and yard work was 

reported as a physical activity type by 71.88% of all respondents who engaged in physical 

activity in outdoor spaces of their neighborhood.  Maintenance activities such as car or 

house maintenance were reported by 53.13% of all respondents. Of the respondents, 

46.88% said they walked for exercise, and 31.25% said they walked their dogs or played 

with their kids. Of all respondents, 28.13% reported walking for leisure as an outdoor 

physical activity type they did in their neighborhoods. Subsequent physical activity types 

and the related frequencies were as follows: bicycling 18.75%, running or jogging 18.75%, 

swimming 15.63%, playing sports 9.38%, walking to get from place to place was 3.13% of 

all respondents. 

 

7.2.4.4. PUD4: Physical Activity Types 

In PUD4, 36 respondents who in a usual week engaged in at least moderate intensity 

physical activity in their neighborhood outdoors that lasted more than 10 minutes a session 

reported of total 167 responses for the activity type. This corresponded to 4.64 activity type 

responses out of 13 per active respondent. A response-based examination of activity type 
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frequencies showed that gardening and yard work was the most frequently reported 

physical activity with 14.97% of all responses. Walking for exercise was the second 

category with 14.97 % of all responses. Maintenance activities including car and house 

maintenance and playing with kids each involved 10.78% of all responses and became the 

third frequently mentioned outdoor physical activity types respondents engaged in their 

neighborhoods. This was followed by walking the dog, which involved 10.18% and walking 

for leisure, which involved 9.58% of all responses given. Of the responses, 7.78% were 

related to walking to get from place to place.  Both bicycling and swimming comprised 

5.39% of all responses. Playing sports with 4.79%, running and jogging with 4.19% and 

roller blade and skating with 0.60% were the subsequent physical activity types 

respondents reported. Of all the responses, 1.80% did not cover any of the given activity 

types related to other categories (Figure 7-15). 

 

Combining all walking activity categories, which were walking to get from place to place, 

walking for exercise, walking for leisure, and walking the dog showed that 41.32% of all 

responses involved some type of walking behavior. Thinking that walking the dog was 

related to dog ownership and might not reflect a valid category for respondents who did not 

own one; walking categories were recombined excluding walking the dog responses. To get 

an accurate percentage, walking the dog responses were also excluded from total number 

responses decreasing them to 150. In this case, 34.67% of all responses given for outdoor 

physical activity types respondents engaged in their neighborhoods involved some type of 

walking activity (Figure 7-15).  
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Figure 7-15 PUD4: Physical activity types 1 

 

Per respondent analysis yielded similar results. Gardening and yard work was reported as a 

physical activity type by 69.44% of all respondents who engaged in physical activity in 

outdoor spaces of their neighborhood. Of all respondents, 63.89% stated that they walked 

for exercise in their neighborhood. Maintenance activities such as car or house maintenance 

and playing with kids both were reported by 50.00% of all respondents. Of the 

respondents, 47.22% said they walked their dogs, while 44.44% said they walked for 

leisure, and 36.11% said they walked to get from place to place in their neighborhood. A 

quarter of all respondents reported swimming or bicycling as an outdoor physical activity 

type they did in their neighborhoods. Subsequent physical activity types and the related 

frequencies were as follows: playing sports 22.22%, running or jogging 19.44%, roller 

blade and skating 2.78% of all respondents (Figure 7-16). 
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Figure 7-16 PUD4: Physical activity types 2 

 

7.2.4.5. Summary: Physical Activity Types 

The average number of physical activity types for respondents who engaged in some type 

of physical activity in their neighborhood outdoors did not change significantly across PUDs. 

Rather the type of activities they reported changed according to PUD (Tables 7-14 and 7-

15). In other words, depending on the spatial layout and/or characteristics, respondents 

were more likely to engage in some type of physical activity than another.  

 

Table 7-14 displays these percentages for each PUD when responses were taken as unit of 

analysis, and table 7-15 displays the percentages when respondents were taken as unit of 

analysis in each PUD. Figure 7-17 shows the distributions of different physical activity types 

in each PUD side by side. 
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Table 7-14 All PUDS: Physical activity types 1 

RESPONSES as unit of analysis PUD1 PUD2 PUD3 PUD4 

Walking to get from place to place 10.65% 18.18% 0.94% 7.78% 

Walking for exercise 14.20% 15.66% 14.15% 13.77% 

Walking for leisure 11.24% 9.60% 8.49% 9.58% 

Walking the dog 8.28% 8.08% 9.43% 10.18% 
All walking combined (excl. walking 
the dog) 39.35% 47.25% 26.04% 34.67% 

All walking combined 44.38% 51.52% 33.02% 41.32% 

Bicycling 7.10% 4.04% 5.66% 5.39% 

Car/House maintenance 8.88% 8.59% 16.04% 10.78% 

Gardening/Yard work 11.83% 15.66% 21.70% 14.97% 

Playing sports 1.78% 4.04% 2.83% 4.79% 

Playing with the kids 9.47% 5.05% 9.43% 10.78% 

Rollerblade/Skating 0.59% 0.51% 0.00% 0.60% 

Running/Jogging 7.10% 6.06% 5.66% 4.19% 

Swimming 8.28% 2.02% 4.72% 5.39% 

Other 0.59% 2.53% 0.94% 1.80% 
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Total per PUD 100% 100% 100% 100% 

 

Table 7-15 All PUDS: Physical activity types 2 

RESPONDENTS as unit of analysis PUD1 PUD2 PUD3 PUD4 

Walking to get from place to place 47.37% 73.47% 3.13% 36.11% 

Walking for exercise 63.16% 63.27% 46.88% 63.89% 

Walking for leisure 50.00% 38.78% 28.13% 44.44% 

Walking the dog 36.84% 32.65% 31.25% 47.22% 

Bicycling 31.58% 16.33% 18.75% 25.00% 

Car/House maintenance 39.47% 34.69% 53.13% 50.00% 

Gardening/Yard work 52.63% 63.27% 71.88% 69.44% 

Playing sports 7.89% 16.33% 9.38% 22.22% 

Playing with the kids 42.11% 20.41% 31.25% 50.00% 

Rollerblade/Skating 2.63% 2.04% 0.00% 2.78% 

Running/Jogging 31.58% 24.49% 18.75% 19.44% 

Swimming 36.84% 8.16% 15.63% 25.00% 
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Other 2.63% 10.20% 3.13% 8.33% 

 

 

The difference among physical activity types reported in PUDs was more evident in dynamic 

(movement-based) versus static (place-based) activities. In disconnected PUDs, PUD3 and 

PUD4 garden-based activities comprised the most frequently mentioned activity type 

compared to the connected PUDs, PUD1 and PUD2. On contrary, walking activities’ increase 

in frequency in more connected PUDs were prominent (Figure 7-17).   
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Neighborhood outdoor activities across PUDs
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Figure 7-17 All PUDS: Comparison of physical activities types 
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When the types of walking activities were examined, it was seen that the increase was 

related to walking to get from place to place rather than to any of the other walking 

categories. PUDs with connected street networks facilitated walking within the 

neighborhood and therefore residents either increased their number of walking trips in their 

neighborhood (overall they walked to go somewhere in the neighborhood more often), or 

they changed their travel modes (rather than driving they walked). Figure 7-18 shows these 

distributions. 
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Figure 7-18 All PUDs: Types of walking activity 

 
Figure 7-19 shows comparison of these different types of walking activities among PUDs in 

relation to their layout differences measured with their intelligibility values. Among all 

walking behaviors, especially walking to get from place to place, frequencies were 

correlated with intelligibility values.  
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PUD1 PUD2 PUD3 PUD4

walking for exercise
walking to get from one place to another
walking for leisure
walking the dog
total walking (# of walking responses per respondent)
intelligibility

 

Figure 7-19 All PUDS: Comparison of walking types and intelligibility values 

 

7.3. ACTIVITIES AROUND THE LOT 

Of total 162 respondents gave 454 responses for activities they did in or around their 

property averaging 2.8 different activity types per respondent. Gardening was the most 

frequently stated activity with 23.79% of all responses. Of the responses, 19.38% involved 

resting and sitting making it the second most frequent activity done around the property.  

Playing with the kids was 16.30% of all responses, house maintenance had 15.64% of all 

responses, playing with pets was 11.67% of all responses, and car maintenance with 7.71% 

followed. Of all responses, 5.51% related to the open-ended other category. 
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Respondent-based analysis showed that 66.67% of all respondents reported gardening, 

54.32% resting and sitting, 45.67% playing with kids, 43.83% house maintenance, 32.72% 

playing with pets, 21.60% car maintenance, and 15.43% other activity types. 

 

Thirty-nine respondents in PUD1 disclosed a sum of 110 activity types with an average of 

2.83 activity responses per respondent. Gardening was the most frequently reported activity 

respondents engaged within their properties and comprised 22.73% of all responses. 

Second most frequent activity was playing with kids with 21.82% of responses. Resting and 

sitting was the next highest activity with 20% of all responses. House maintenance and 

playing with pets each constituted 12.73% of all responses followed by car maintenance 

with a frequency of 3.64%.  Of all responses, 6.36% were other category referring to 

activity types other than the given checklist. 

 

Forty-nine respondents in PUD2 checked 133 activity types from the given list averaging 

2.71 responses per respondent. Similar to the aggregated results, gardening was the most 

frequently mentioned activity among all activities around the property and covered 28.52% 

of all responses. This was followed by resting and sitting which made up 21.05% of all 

responses. Of the responses, 15.04% related to house maintenance, 14.29% involved 

playing with kids, and 9.77% involved playing with pets within or around the property. Car 

maintenance only covered 5.26% of all responses. Other activities formed 6.02% of all 

responses. 

 

In PUD3 there were 35 respondents who reported the activities they do around or within 

their property and they disclosed a sum of 98 activities with an average of 2.8 per 

respondent. Almost a quarter of the responses (24.49%) were for gardening activity, 

making this activity category the highest in frequency. House maintenance was the second 

most frequent activity covering 18.32% of responses. Resting and sitting formed the third 

most frequent activity group with 14.29% of all responses. Playing with pets and car 

maintenance each constituted 13.27% of all responses. Playing with kids was the least 

frequently reported activity category people engaged around their property with 11.22% of 

all responses. 5.10% responses were related to other activities category. 

 

Thirty-nine PUD4 respondents checked a sum of 113 activity types making an average of 

2.97 activity type responses per respondent. Unlike the aggregated results, in PUD4 the 

most frequent activity respondents reported within or around their property was resting and 

sitting which comprised 21.24% of all responses. Gardening, the most favorite activity of 

respondents from all of the other PUDs, ranked the second in PUD4 with 18.58% of all 
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responses. Playing with kids constituted 17.70%, house maintenance 16.81%, playing with 

pets 11.5%, car maintenance 9.7% of all responses. 4.4% of responses were related to the 

other activities category. 

 

Activities around/within the property across PUDs
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Figure 7-20 All PUDs: Activities around the lot 

 

Respondent based analysis yielded similar results. In PUD1, 64.10% of respondents 

reported gardening, 61.54% playing with kids, 56.41% resting and sitting, 35.90% house 

maintenance, 35.90% playing with pets, 10.26% car maintenance, and 17.95% other 

category for activities they engage within and around their property. For activities they 

engage around and within their properties, 77.55% of PUD2 respondents reported 

gardening, 57.14% resting and sitting, 40.82% house maintenance, 38.78% playing with 

kids, 26.53% playing with pets, 14.29% car maintenance, and 16.33% other activity 

categories. In PUD3, 68.57% of all respondents reported gardening, 51.43% house 
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maintenance, 40% resting and sitting, 37.14% playing with pets, 37.14% car maintenance, 

31.43% playing with kids, and 14.29% other activity categories as examples of activities 

they engaged around their property in a usual week. In PUD4, 63.16% of respondents 

stated resting and sitting, 55.26% gardening, 52.63% playing with kids, 50% house 

maintenance, 34.21% playing with pets, 28.95% car maintenance, and 13.16% other 

category for activities they usually engaged around and within their properties.  Figure 7-20 

compares these activities across PUDs. 

 

7.4. NEIGHBORHOOD PHYSICAL ENVIRONMENT 

Six statements which were thought to be related to physical and social activity patterns 

were given to respondents to evaluate their neighborhood physical environment. The first 

statement was “The streets in my neighborhood are hilly making it difficult to walk”. The 

second statement was “There are many alternate routes for getting from place to place in 

my neighborhood (I don’t have to go the same way every time)”. The third statement was 

“There are many interesting things to look at while walking in my neighborhood”. The 

fourth statement was “There is so much traffic along the street I live on that makes it 

difficult or unpleasant to walk in my neighborhood”. The fifth statement was “My 

neighborhood streets are well lit at night”. The sixth and the last statement was “My 

neighborhood is safe enough that I can let my 10-year old walk around the block in the day 

time”.  

 

Respondents disclosed their agreement level with each of these six statements using the 

ordinal five-point “strongly disagree, disagree, neutral, agree, and strongly agree” scale. 

Each strongly-disagree statement was allowed one point, for disagree two points, for 

neutral three points, for agree four points, and for strongly-agree five points were given. 

The first and the fourth statement were in reverse order, and thus the corresponding points 

were given in reverse order. Finally, the sum of all six statement responses was taken and 

the average of this score was used as the “physical environment score” of the PUDs.  PUD1 

had an average physical environment score of 4.086, PUD2 had a score of 4.094, PUD3 had 

a score of 3.34, and PUD4 had 3.57. Figure 7-21 shows the box plots for the mean physical 

environment scores across PUDs and figure 7-22 shows 95% confidence intervals. 
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Figure 7-21 All PUDs: Neighborhood physical environment scores 
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PUDs 

 

 



 206

Six pairwise comparisons, using two-sample t-test with pooled variances, were performed to 

statistically detect the differences in mean physical environment scores of PUDs. The null 

hypothesis was that the means of the physical environment scores of the two PUDs were 

the same. The alternate hypothesis was that the means of the physical environment scores 

of the two PUDs were not equal. The p-values, which were the probability to have the two 

PUDs with the same mean score, were used to reject the null hypothesis. Table 7-16 shows 

the results of the t-test and related p-values. 

 

Table 7-16 T-tests for the difference of mean neighborhood physical environment scores 

Hypothesis test results for neighborhood physical environment scores 

µPUDX1 : mean neighborhood physical environment score in PUDX1 

µPUDX2 : mean neighborhood physical environment score in PUDX2 

µPUDX1 - µPUDX2 : mean difference 

H0 : µPUDX1 - µPUDX2 = 0 

HA : µPUDX1 - µPUDX2 ≠ 0 

(with pooled variances) 

Difference Sample Mean Std. Err. DF T-Stat P-value 

µPUD1 - µPUD2 -0.008702564 0.0925834 87 -0.093997 0.9253 

µPUD1 - µPUD3 0.73789746 0.1236379 72 5.968213 <0.0001 

µPUD1 - µPUD4 0.5074764 0.1070652 75 4.7398825 <0.0001 

µPUD2 - µPUD3 0.7466 0.1055764 83 7.071654 <0.0001 

µPUD2 - µPUD4 0.51617897 0.0907506 86 5.6878843 <0.0001 

µPUD3 - µPUD4 -0.23042105 0.1220047 71 -1.8886238 0.063 

 

 

The PUD1 and PUD2 comparison resulted in a high p-value (0.9253) and therefore the null 

hypothesis that the means were not the same was not rejected. In fact, the average mean 

scores for these two PUDs were almost the same. PUD1 and PUD3 comparison, and PUD1 

and PUD4 comparison yielded very low p-values (<0.0001) showing statistically significant 

differences of the average physical environment score of PUD1 with both PUD3 and PUD4. 

Similarly PUD2 and PUD3 comparison and PUD2 and PUD4 comparison tests both resulted 

very low p-values (<0.0001) suggesting statistically significant difference in means of 

physical environment scores. The PUD3 and PUD4 comparison could not reach such a low 

p-value and could not be rejected at 95% confidence level.  

 

In addition to t-tests, general linear modeling using PUDs as classes was also done in SAS 

software and similar results were found. Table 7-17 shows the PUD comparisons and the 

corresponding 95% confidence limits for neighborhood physical environment score 

differences. Comparisons significant at the 0.05 level are indicated. 
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Table 7-17 General linear modeling for comparison of the mean neighborhood physical 

environment scores 

The GLM Procedure 
Tukey's Studentized Range (HSD) Test for Neighborhood physical environment scores 

Alpha  0.05 

Error Degrees of Freedom  158 

Error Mean Square  0.225279 

Critical Value of Studentized Range 3.67214 

PUD Comparison Difference between 
means Simultaneous 95%confidence limits 

PUD2 - PUD1 0.0087   -0.25459  0.27200 

PUD2 - PUD4 0.51618    0.25095  0.78141  *** 

PUD2 - PUD3  0.7466    0.47498  1.01822  *** 

PUD1 - PUD2  -0.0087   -0.27200  0.25459 

PUD1 - PUD4   0.50748    0.22655  0.78840  *** 

PUD1 - PUD3  0.7379    0.45094  1.02485  *** 

PUD4 - PUD2   -0.51618   -0.78141 -0.25095  *** 

PUD4 - PUD1    -0.50748   -0.78840 -0.22655  *** 

PUD4 - PUD3   0.23042   -0.05831  0.51916 

PUD3 - PUD2 -0.7466   -1.01822 -0.47498  *** 

PUD3 - PUD1  -0.7379   -1.02485 -0.45094  *** 

PUD3 - PUD4 -0.23042   -0.51916  0.05831 

NOTE: This test controls the Type I experimentwise error rate. 

Comparisons significant at the 0.05 level are indicated by *** 

 

 

As a result, both t-test and general linear modeling results showed that more connected 

PUDs, PUD1 and PUD2, had statistically higher physical environment scores than 

disconnected PUDs, PUD3 and PUD4.  This scale, in particular, measured physical 

environmental characteristics of PUDs which were likely to affect outdoor-in-neighborhood 

physical activity patterns of residents.  

 

The results in this sense are reminiscent of the effects of the physical environment on 

physical activity behavior. Specifically, physical environmental factors such as choicefulness 

of the streets (giving way to alternate routes), aesthetics of the streetscapes (offering 

interesting things while walking), street lighting at night, and perception of safety were 

facilitators of physical activity, especially of walking behavior. Hilly topography and 

increased traffic perception were impeding factors for physical activity and walking 

behavior. 
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Item by item analysis of these factors across PUDs gave these results: 

Hilly topography 

Residents of PUD2 (3.16) and PUD4 (3.07) thought that their neighborhood streets were 

hilly, which made it difficult to walk compared to PUD1 (4.58) and PUD3 (4.02) residents. In 

fact, due to locational characteristics, one third of PUD2 and one fourth of PUD4 areas are 

located on a hilly topography whereas PUD1 and PUD3 are relatively flat. This factor was 

perceived the same by the residents and shown as a barrier for walking in their 

neighborhoods. 

 

Choicefulness of routes 

The mean value for presence of alternate routes was the highest in PUD2 (4.58) followed 

by PUD1 (4.41), and then PUD4 (3.65) and PUD3 (3.00) respectively. Connected street 

patterns offered route variation possibilities to users than less connected patterns with 

widespread cul-de-sac patterns. PUD1 and PUD2 in this sense, with their more connected 

street network patterns, offered higher route variation than the disconnected PUD3 and 

PUD4.  

 

Aesthetics of the streetscapes 

The aesthetics along the street, as perceived by residents, were, in descending order, 

highest in PUD2 (4.30), second highest in PUD1 (4.15), third in PUD4 (3.81), and last in 

PUD3 (3.2). 

 

Traffic along the street 

Perception of traffic along the street the respondent lived in was comparably similar in all of 

the four PUDs. With minor differentiations in scores, PUD2 (4.56) had a perception of less 

traffic than the other three PUDs followed by PUD1 (4.25). Both PUD3 and PUD4 residents 

perceived the level of traffic along their street to be at the same level (4.02). 

 

Street lighting at night 

Lighting of the streets after dark had been an important contributor to perceived night 

safety and thus resulted in longer periods of use of the neighborhood environment even 

after dark. Compared to other items evaluated in this physical environment index, lighting 

of the streets at night received the lowest scores in all of the four PUDs. PUD2 (3.70) 

residents rated their neighborhood slightly higher than PUD1, PUD3 and PUD4. PUD1 (3.38) 

residents rated the night-lighting in their neighborhoods slightly higher than PUD3 and 

PUD4.  PUD3 (2.88) and PUD4 (2.97) had similar scores which suggested a deficiency of 

well-lit streets at night.  
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Safety for children 

The perception of safety, measured by a-10-year-old-child to walk around the block alone in 

the day time received higher scores by PUD2 (4.26) residents compared to the other three 

PUDs. PUD4 (3.92) received the second highest scores on average from its residents 

followed by PUD1 (3.71) and PUD3 (2.94).   PUD3 specifically was the only neighborhood 

that showed displeasure due to perception of safety.  

 

Figure 7-23 gives the values for each item in the index for all of the four PUDs.   

 

 

 

Figure 7-23 All PUDs: Item-based scores for neighborhood physical environment  
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7.5. NEIGHBORHOOD SOCIAL ENVIRONMENT 

Eight statements were given to respondents in order to evaluate their neighborhood social 

environment. The first statement was “Overall, I am very attracted to my neighborhood”. 

The second statement was “I visit my neighborhoods in their homes”. “Given the 

opportunity, I would like to move out of this neighborhood” was the third statement. The 

fourth statement was “If I needed advice about something I could go to someone in my 

neighborhood”. The fifth statement was “I borrow things and exchange favors with my 

neighbors”. “I plan to remain a resident of this neighborhood for a number of years” was 

the sixth statement. The seventh statement was “I rarely have neighbors over my house to 

visit”. The eighth, and the last, statement was “I regularly stop and talk with my people in 

my neighborhood”. 

 

Respondents disclosed their agreement level with each of these eight statements using the 

ordinal five-point “strongly disagree, disagree, neutral, agree, and strongly agree” scale. For 

each strongly disagree one point was given, for disagree two points, for neutral three 

points, for agree four points and for strongly agree five points were given. The third and the 

seventh statement were negative, and thus the corresponding points were given in reverse 

order.  

 

The first, the third, and the sixth statements related to the attraction-to-neighborhood and 

the average of the sum of these three statements were used to develop the attraction 

score. The second, fourth, fifth, seventh and eighth statements were related to neighboring 

and the average of the sum of thee five statements were used to develop the neighboring 

score.  The following sections report the findings across the PUD1 for each of these three 

scores. Finally, the sum of all eight statement responses was taken and the average of this 

score was used as the social environment score. 

 

7.5.1. Attraction-to-Neighborhood 

The statements, “Overall, I am very attracted to my neighborhood”, “Given the opportunity 

I would like to move out of this neighborhood”, and “I plan to remain a resident of this 

neighborhood for a number of years” were used to measure attraction-to-the-

neighborhood.  The second statement was a negative statement and scored in reverse 

order. The sums of the scores given (in a one-to-five scale) for these three statements were 

taken and the average score was the attraction score. PUD2 residents had on average 

higher attraction-to-neighborhood than residents in any of the other three PUDs (4.54). 

PUD1 residents followed with the second highest ratings for their attraction-to-their-

neighborhood (4.19). PUD4 residents had the third (3.93) followed by PUD3 residents’ 
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scores (3.58). Figure 7-24 displays the box plots of attraction-to-neighborhood scores in 

each PUD. 

 

 

 

Figure 7-24 All PUDs: Attraction-to-neighborhood scores 

 

Two sample t-tests using pooled variances were performed for each PUD pair. The null 

hypothesis was equal mean attraction-to-neighborhood scores and the alternate hypothesis 

was that the mean attraction-to-neighborhood scores were not equal. The p-values to 

observe such t-statistics were computed and used to reject or accept the null hypothesis.  

 

The comparison of PUD1 and PUD2 resulted in a small (0.0587) p-value but at the 0.05 

level the null hypothesis of the equality of mean attraction-to-neighborhood scores could 

not be rejected. Comparison of PUD1 and PUD3 resulted in a small p-value (0.0118) and 

the null hypothesis could be rejected at the 0.05 level suggesting statistically significant 

difference in mean attraction-to-neighborhood scores. In the comparison of PUD1’s and 

PUD4’s mean attraction scores, the p-value stayed at higher values (0.2617) and the mean 

scores could not get any statistically significant difference.  

 

The PUD2 and PUD3 comparison yielded a very small p-value (<0.0001) and thus 

statistically significant difference between mean attraction-to-neighborhood scores. 
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Similarly, comparing PUD2 with PUD4 found statistically different mean values for 

attraction-to-neighborhood scores with a very small p-value (0.001). However, the t-test for 

the PUD3 and PUD4 comparison resulted in relatively small t-statistic and thus a large p-

value which suggested no significant difference between mean attraction scores in these 

PUDs (Table 7-18). 

  

Table 7-18 T-Tests for comparison of mean attraction-to-neighborhood scores 

Hypothesis test results for attraction-to-neighborhood 

µPUDX1 : mean attraction score in PUDX1 

µPUDX2 : mean attraction score in PUDX2 

µPUDX1 - µPUDX2 : mean difference 

H0 : µPUDX1 - µPUDX2 = 0 
HA : µPUDX1 - µPUDX2 ≠ 0 

(with pooled variances) 

Difference Sample Mean Std. Err. DF T-Stat P-value 

µPUD1 - µPUD2 -0.3509 0.183179 87 -1.91563 0.0587 

µPUD1 - µPUD3 0.614469 0.237891 72 2.582983 0.0118 

µPUD1 - µPUD4 0.257213 0.227462 75 1.130798 0.2617 

µPUD2 - µPUD3 0.965371 0.186049 83 5.188788 <0.0001 

µPUD2 - µPUD4 0.608116 0.177763 86 3.42094 0.001 

µPUD3 - µPUD4 -0.35726 0.232416 71 -1.53714 0.1287 

 

 

One of the assumptions of the t-tests is normal distribution of the variable across groups. 

However, general linear modeling is more robust to normality assumption and therefore 

may provide more accurate results when the normality assumption is violated (Agresti and 

Finlay, 1997). For this purpose, a simple linear regression version of general linear modeling 

was also run in SAS software to compare the differences in means for each PUD class. The 

results from this modeling agreed with two sample pooled variance t-test results.  

Table 7-19 shows each PUD pair-comparison and significant comparisons at the 0.05 level 

are indicated. 

 

In sum, both PUD1 and PUD2 had significantly higher mean attraction-to-neighborhood 

scores than PUD3 at a 95% confidence level. PUD2 had also statistically higher attraction to 

neighborhood score than PUD4 at the same confidence level. All other pair comparisons did 

not yield significant differences at 95% confidence level. 
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Table 7-19 General linear modeling for comparison of mean attraction-to-neighborhood 

scores 

The GLM Procedure 

Tukey's Studentized Range (HSD) Test for Attraction-to-neighborhood scores 
Alpha  0.05 
Error Degrees of Freedom  158 
Error Mean Square  0.847059 
Critical Value of Studentized Range 3.67214 

PUD Comparison Difference between 
means Simultaneous 95%confidence limits 

PUD2 - PUD1 0.3509  -0.1596  0.8615 

PUD2 - PUD4 0.6081  0.0938  1.1224  *** 

PUD2 - PUD3  0.9654  0.4387  1.4921  *** 

PUD1 - PUD2  -0.3509 -0.8615  0.1596 

PUD1 - PUD4   0.2572  -0.2875  0.8019 

PUD1 - PUD3  0.6145  0.0580  1.1709  *** 

PUD4 - PUD2   -0.6081  -1.1224 -0.0938  *** 

PUD4 - PUD1    -0.2572  -0.8019  0.2875 

PUD4 - PUD3   0.3573  -0.2026  0.9171 

PUD3 - PUD2 -0.9654 -1.4921 -0.4387  *** 

PUD3 - PUD1  -0.6145 -1.1709 -0.0580  *** 

PUD3 - PUD4 -0.3573  -0.9171  0.2026 

NOTE: This test controls the Type I experimentwise error rate. 

Comparisons significant at the 0.05 level are indicated by *** 

 

 

7.5.2. Neighboring 

The statements “I visit my neighbors in their homes”, “If I needed advice about something I 

could go to someone in my neighborhood”, “I borrow things and exchange favors with my 

neighbors”, “I regularly stop and talk with my people in my neighborhood”, and “I rarely 

have neighbors over my house to visit” measured neighboring of residents. The last 

statement, “I rarely have neighbors over my house to visit” was a negative statement and 

thus scored in reverse order. All other statements were scored using a five-point scale from 

one to five, and the sums were taken. The average of the sum was the neighboring score 

for each PUD.  

 

PUD2 had the highest neighboring score (4.00) compared to the other three PUDs. PUD1 

had the next highest neighboring score (3.65). Both PUD3 (3.38) and PUD4 (3.39) had 

similar neighboring scores and constituted the last two in ranking. 
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Figure 7-25 All PUDs: Neighboring scores 

 

Two sample t-tests using pooled variances were performed for each PUD pair. The null 

hypothesis was equal mean neighboring scores and the alternate hypothesis was that the 

mean neighboring scores were not equal. The p-values to observe such a t-statistic were 

computed and used to reject or accept the null hypothesis. The t-tests for PUD1 and PUD2, 

PUD1 and PUD3, and PUD1 and PUD4 mean-neighboring-score comparisons resulted in 

small t-scores, and thus relatively large p-values (0.11, 0.29, 0.28 respectively) which 

allowed for the failure to reject the null hypotheses. In other words, PUD1’s mean 

neighboring score was not statistically different than any other three PUDs’ at the 95% 

confidence level. However, t-tests for PUD2 and PUD3, and PUD2 and PUD4 comparisons 

both yielded statistically significant results with very small p-values (0.043 and 0.002 

respectively). The last pairwise comparison, PUD3 and PUD4, did not reach any statistical 

significance (p-value 0.94) in difference of means (Table 7-20). 

 

Whereas t-tests assume normality in population distributions, general linear modeling is 

more robust to normality assumption (Agresti and Finlay, 1997). For this reason, a simple 

linear regression version of general linear modeling was also performed for neighboring 

scores using SAS software. Table 7-21 shows PUD comparison pairs and corresponding 

95% confidence limits. Comparisons significant at the 0.05 level are indicated. 
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Table 7-20 T-tests for comparison of mean neighboring scores 

Hypothesis test results for neighboring 

µPUDX1 : mean neighboring score in PUDX1 

µPUDX2 : mean neighboring score in PUDX2 

µPUDX1 - µPUDX2 : mean difference 

H0 : µPUDX1 - µPUDX2 = 0 

HA : µPUDX1 - µPUDX2 ≠ 0 

(with pooled variances) 

Difference Sample Mean Std. Err. DF T-Stat P-value 

µPUD1 - µPUD2 -0.3493846 0.2169029 87 -1.6107883 0.1108 

µPUD1 - µPUD3 0.2706154 0.2555677 72 1.0588793 0.2932 

µPUD1 - µPUD4 0.2554049 0.239207 75 1.0677147 0.2891 

µPUD2 - µPUD3 0.62 0.2109242 83 2.9394455 0.0043 

µPUD2 - µPUD4 0.6047895 0.1967467 86 3.0739496 0.0028 

µPUD3 - µPUD4 -0.0152105 0.230859 71 -0.0658867 0.9477 

 

 

Table 7-21 General linear modeling for comparison of mean neighboring scores 

The GLM Procedure 

Tukey's Studentized Range (HSD) Test for Neighboring scores 

Alpha  0.05 

Error Degrees of Freedom  158 

Error Mean Square  1.003932 

Critical Value of Studentized Range 3.67214 

PUD Comparison Difference between 
means Simultaneous 95%confidence limits 

PUD2 - PUD1 0.3494   -0.2064  0.9052 

PUD2 - PUD4 0.6048    0.0449  1.1647  *** 

PUD2 - PUD3  0.6200    0.0466  1.1934  *** 

PUD1 - PUD2  -0.3494   -0.9052  0.2064 

PUD1 - PUD4   0.2554   -0.3376  0.8484 

PUD1 - PUD3  0.2706   -0.3352  0.8764 

PUD4 - PUD2   -0.6048   -1.1647 -0.0449  *** 

PUD4 - PUD1    -0.2554   -0.8484  0.3376 

PUD4 - PUD3   0.0152   -0.5943  0.6247 

PUD3 - PUD2 -0.6200   -1.1934 -0.0466  *** 

PUD3 - PUD1  -0.2706   -0.8764  0.3352 

PUD3 - PUD4 -0.0152   -0.6247  0.5943 

NOTE: This test controls the Type I experimentwise error rate. 

Comparisons significant at the 0.05 level are indicated by *** 
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Both tests yielded similar results. In summary, PUD2 had statistically higher neighboring 

scores than both PUD3 and PUD4 at the 95% confidence level. At the same confidence 

level, no other statistically significant difference could be found across PUDs. If the mean 

neighboring scores were used as estimates for the mean, the neighboring scores could be 

arranged ordinaly (from high to low) as: PUD2, PUD1, PUD4, and lastly PUD3. 

 

7.5.3. Social Environment Score 

Each of the eight statements, used for neighboring and attraction-to-neighborhood, were 

used to construct the social environment index. The sum of all the eight statements was 

taken and the average of the sum was used as the social environment score.  

 

When the mean social environment scores were compared across PUDs, PUD2 had the 

highest social environment score according to its residents’ ratings (4.54). Slightly lower 

than PUD2, PUD1 had the second highest social environment score (4.19). PUD4 ranked the 

third (3.93) and PUD3 the last (3.58) in terms of social environment scores evaluated by 

their residents (Figure 7-26).  

 

 

Figure 7-26 All PUDs: Neighborhood social environment scores 

 

Figure 7-27 shows item by item comparison of the social environment index as well as the 

neighboring and attraction-to-neighborhood average scores for all of the four PUDs. 
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Figure 7-27 All PUDs: Item-based scores for neighborhood social environment 

 

Two sample t-tests using pooled variances were performed for each pairwise PUD group. 

The null hypothesis was equal mean social environment scores and the alternate hypothesis 

was that the mean social environment scores were not equal. The p-values to observe such 

t-statistics were computed and used to reject or accept the null hypothesis.  

 

Comparisons of PUD2 and PUD1, PUD2 and PUD3, PUD2 and PUD4, yielded very large t-

statistics and thus small p-values (0.045, <0.0001, and 0.0002 respectively). This provided 

statistically significant evidence of different mean social environment scores for each 

pairwise PUD group at the 95% confidence level. Although PUD1 had the second highest 

social environment score, which was on average higher than the scores for both PUD3 and 

PUD4, two-tailed probabilities for the equality of means were not high enough to reject the 

null hypotheses. The p-value for PUD1 and PUD3 comparison was 0.069, and for the PUD1 

and PUD4 comparison was 0.214. It should be noted that the pairwise comparison between 

PUD1 and PUD3 could be rejected if a one sided t-test was utilized for the alternate of 

hypothesis “HA: PUD1 social environment score is higher than PUD3 social environment 
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score” at the 95% confidence level. The last pairwise comparison, between PUD3 and 

PUD4, did not show any statistical significance and the p-values (0.46) stayed at large 

values (Table 7-22). 

 

Table 7-22 T-tests for comparison of mean neighborhood social environment scores 

Hypothesis test results for neighborhood social environment 

µPUDX1 : mean neighborhood social environment score in PUDX1 
µPUDX2 : mean neighborhood social environment score in PUDX2 
µPUDX1 - µPUDX2 : mean difference 
H0 : µPUDX1 - µPUDX2 = 0 
HA : µPUDX1 - µPUDX2 ≠ 0 
(with pooled variances) 

Difference Sample Mean Std. Err. DF T-Stat P-value 

µPUD1 - µPUD2 0.4006007 0.2172824 72 1.8436868 0.0693 

µPUD1 - µPUD3 0.2563225 0.2047589 75 1.251826 0.2145 

µPUD1 - µPUD4 -0.3500564 0.1728503 87 -2.0251994 0.0459 

µPUD2 - µPUD3 0.7506571 0.1639037 83 4.5798664 <0.0001 

µPUD2 - µPUD4 0.606379 0.153455 86 3.9515104 0.0002 

µPUD3 - µPUD4 -0.1442782 0.1955705 71 -0.7377297 0.4631 

 

 

To summarize the t-test results for PUDs’ social environment scores, PUD2 had a 

statistically different social environment score than PUD1, PUD3, and PUD4. PUD1 had a 

statistically higher score than PUD3. All other differences in mean social environment scores 

of PUDs could not reach statistical significance at the 95% confidence level. 

 

General linear modeling using PUDs as classes was also employed using SAS software. 

Table 7-23 shows the results for PUD comparisons and indicates significant results at the 

0.05 level. General linear modeling results showed that PUD2 had significantly higher social 

environment score than both PUD3 and PUD4. Contrary to t-test results, no other significant 

difference could be detected at the 95% confidence level. Given that the social environment 

scores across PUDs were not normally distributed, comparisons done using general linear 

modeling were considered more accurate. Therefore, we could conclude that, PUD2 had 

higher social environment scores than both PUD3 and PUD4.  
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Table 7-23 General linear modeling for comparison of mean social environment scores 

The GLM Procedure 

Tukey's Studentized Range (HSD) Test for Social environment score 

Alpha  0.05 

Error Degrees of Freedom  158 

Error Mean Square  0.673591 

Critical Value of Studentized Range 3.67214 
PUD 
Comparison 

Difference 
between means Simultaneous 95%confidence limits 

PUD2 - PUD1 0.3501  -0.1052  0.8053 

PUD2 - PUD4 0.6064  0.1477  1.0650  *** 

PUD2 - PUD3  0.7507  0.2810  1.2203  *** 

PUD1 - PUD2  -0.3501  -0.8053  0.1052 

PUD1 - PUD4   0.2563 -0.2294  0.7421 

PUD1 - PUD3  0.4006 -0.0956  0.8968 

PUD4 - PUD2   -0.6064  -1.0650 -0.1477  *** 

PUD4 - PUD1    -0.2563  -0.7421  0.2294 

PUD4 - PUD3   0.1443  -0.3550  0.6436 

PUD3 - PUD2 -0.7507  -1.2203 -0.2810  *** 

PUD3 - PUD1  -0.4006   -0.8968  0.0956 

PUD3 - PUD4 -0.1443 -0.6436  0.3550 

NOTE: This test controls the Type I experimentwise error rate. 

Comparisons significant at the 0.05 level are indicated by *** 

 

 

7.5.4. Social Environment Score in Relation to Individual-Level Variables 

In order to understand whether the significant differences in social environment scores 

detected in the previous section was explained in fact by the physical differences of PUDs or 

individual level variables, further statistical analysis was made.  Specifically, could it be that 

individual level variables, such as sex, age, having children at home or not, explain these 

differences in social environment scores of PUDs, or is it environmental level differences of 

PUDs resulting in different social environment scores, were tested. Three different 

regression models were run: first including only environmental-level variables, second 

including only individual-level variables, and third including both individual- and 

environmental-level variables. 

 

Model 1: Using Only Environmental-Level Variables 

First, a regression model using the social environment score as the dependent variable and 

PUD classes as the only explanatory variable was built. This procedure, in fact, is very 

similar to the t-test comparisons of social environment scores using PUDs as classes 

overviewed in the previous section. Dummy variables were created for each PUD class. 

Since PUD3 had the lowest social environment score, it was taken as the reference PUD for 

comparisons. Regression results are given in table 7-24 below. 
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Table 7-24 Regression model using environmental-level variables only  

Linear regression model using environmental-level variables only 

Dependent variable: social environment score 

Explanatory variables in the model: PUD 

Analysis of variance 

Source DF Sum of 
squares 

Mean 
square F value pr> F 

Model 3 13.96729 4.65576 6.91 0.0002 

Error 158 106.49862 0.67404     

Corrected total 161 120.46581       

Parameter estimates 

Variable DF t value pr> t  

PUD1 1 2.09 0.038 *** 

PUD2 1 4.14 < .0001 *** 

PUD4 1 0.75 0.4561 

 
 
Analysis of variance for the regression model indicated a large F statistic and a small p-

value (0.0002) to allow the PUD classes to explain the differences in the social environment 

score among PUDs. When PUDs’ individual effects were analyzed, PUD1 in comparison to 

PUD3 (p-value 0.038), and PUD2 in comparison to PUD3 (p-value <0.0001) had statistically 

significant differences at the 95% confidence level. However, PUD4 did not reach statistical 

significance at the same confidence level. 

 

These results confirmed with the analysis conducted in the previous section and suggested 

that physical characteristics of the PUDs had statistically significant explanatory power in 

social environment score differences. Individuals living in connected (more connected 

neighborhoods) rated their neighborhood social environment scores higher than individuals 

living in disconnected (less connected) neighborhoods. The design of the physical 

environment, in this sense, may be a contributing factor in social interaction formation, and 

thus may result in higher neighboring and attraction-to-neighborhood scores that were used 

to construct the social environment score. Similarly, it can be concluded that neighborhoods 

with higher intelligibility values are seen by their residents as more lively in terms the social 

environment.  

 

Model 2: Using Only Individual-Level Variables 

Another regression model was constructed using only individual profile variables such as 

age, sex, and children. Age was treated as a continuous variable, sex (male or female) and 

child conditions (having children at home/no children) were treated as binary categorical 

variables. The main purpose of this type of analysis was to see whether any of these 
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variables have good explanatory power in social environment score differences rated by 

respondents regardless of in which neighborhood they resided. Regression results are given 

in table 7-25 below. 

 

Table 7-25 Regression model using individual-level variables only 

Linear regression model using individual-level variables only 

Dependent variable: social environment score 

Explanatory variables in the model: sex, age, child 

Analysis of variance 

Source DF Sum of 
squares 

Mean 
square F value pr> F 

Model 3 6.9921 2.3307 3.25 0.0236 

Error 158 113.47371 0.711819     

Corrected total 161 120.46581       

Parameter estimates 

Variable DF t value pr> t  

Age 1 2.14 0.0342 *** 

Sex (female) 1 1.81 0.0723 

Child (yes) 1 1.91 0.0576 

 

 

Analysis of variance for the regression model including all three individual level variables 

resulted in a large F statistic, and thus, small p-value (0.0236). This suggested that 

individual level variables, sex, age, child condition, collectively could explain the variation in 

social environment scores. When individual effects were analyzed, age variable was the only 

variable that could reach statistical significance at the 95% confidence level (p-value 

0.0342). This suggested that for individuals with the same sex and child condition, age was 

a significant predictor in understanding social interaction levels as individuals rated them, 

and older adults were more likely to report higher levels of social interaction within their 

neighborhood compared to younger individuals when sex and child conditions were kept 

constant.  

 

Model 3: Using Both Environmental-Level and Individual-Level Variables 

As a third way of analysis, a regression model using both environmental and individual level 

variables was performed. PUDs, sex (female/male), child (having child at home/ no child) 

were used as categorical explanatory variables. Dummy variables were used for PUD classes 

and PUD3 was used as the reference. Age was used as a quantitative variable. Regression 

results are given in table 7-26 below. 
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Table 7-26 Regression model using both environmental-level and individual-level variables 

Linear regression model using environmental-level and individual-level variables 

Dependent variable: social environment score 

Explanatory variables in the model: PUD, sex, age, child 

Analysis of variance 

Source DF Sum of 
squares 

Mean 
square F value pr> F 

model 6 19.4399 3.23998 4.97 0.0001 

error 155 101.02592 0.65178     

corrected total 161 120.46581       

Parameter estimates 

Variable DF t value pr> t 

Intercept 1 9.38 <0.0001 

PUD1 1 1.64 0.1021 

PUD2 1 3.73 0.0003 *** 

PUD4 1 0.19 0.8514 

Age 1 1.29 0.2003 

Sex (female) 1 1.78 0.0768 

Child (yes) 1 1.99 0.0485 *** 

 

 

When all these variables were in the model, the F statistic for the analysis of variance was 

large and the related p-value was small (0.0001) which suggested that the model that 

included both environmental-level and individual-level variables was significant.  

 

When the individual effects were analyzed, PUD and child condition were statistically 

significant at the 0.05 level. This suggested that both environmental level variables and 

individual level variables explained the variation in social environment scores. Age, the 

variable significant at the 0.05 level in the regression model that used only individual level 

variables, was not significant when PUD classes were in the model.  

 

The results suggested an individual living in a connected neighborhood with both utilitarian 

and recreational amenities was statistically more likely to report a higher social environment 

score than an individual with same sex, same age, and same child condition, but living in a 

disconnected (less connected) neighborhood. At the same time, an individual having a child 

at home, regardless of where she/he lived, was more likely to report a higher social 

environment score than an individual at the same sex and age, but with no children at 

home.  
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As a result of these three different types of analysis used, it can be concluded that both 

environmental variables and individual variables had the capacity to explain the variation in 

the social environment score.  

 

7.6. NEIGHBORHOOD SATISFACTION  

In order to understand respondents’ satisfaction levels from different aspects of their 

neighborhood, a series of 17 statements were developed and given to respondents for 

evaluation. Using a five-point satisfaction scale, strongly dissatisfied, dissatisfied, neither-

satisfied-or-dissatisfied, somewhat satisfied, and strongly satisfied, the respondents were 

asked to indicate their satisfaction level. Sixteen statements referred to satisfaction from 

different aspects of neighborhood built environment, and the final statement asked for 

overall satisfaction with neighborhood environment.  

 

In survey methods literature, addition and subtraction effects have been found to be an 

integral part of cognitive processes of respondents, especially in part-to-whole questions. 

The ordering of questions inquiring concepts such as satisfaction was influential in 

responses especially when both satisfaction from different aspects and overall satisfaction 

were asked (Schwarz, 1991; Sudman and Bradburn, 1982). Researchers found that 

respondents given a series of part-questions followed by a whole-question, used the part 

questions in answering the whole question. For example, if one was asked for satisfaction 

from work, satisfaction from marriage, and overall satisfaction from life, she/he considered 

his satisfaction from work and marriage in answering about overall life satisfaction. 

Considering similar part-to-whole effects, overall satisfaction statement was given in the 

end of all 16 statements examining a series of 16 different aspects.  In this respect, the 

respondents were thought to report their overall satisfaction from their neighborhoods 

depending on the preceding reported aspects of their neighborhoods. 

 

These aspects of the neighborhood physical environment were intentionally selected 

because they one-to-one referred to the pedestrian milieu and, thus, could be influential in 

physical and social activity patterns of individuals. The statements used in satisfaction 

assessment were as follows. The first and second statements asked how pleasant and easy 

it was to walk and to bicycle in the neighborhood. The third and the fourth statement 

referred to the commercial amenities in the neighborhood. Satisfaction from the number 

and quality, and access to food stores, restaurants were asked in these two statements. 

The fifth and the sixth statements referred to community centers. These two statements 

asked about satisfaction from the availability and quality, and access to community centers 

and clubhouses within the neighborhood. The seventh and the eighth statements referred 
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to parks and open spaces within the neighborhood. Satisfaction related to the number and 

quality of parks, playgrounds and open green spaces and access to these places were asked 

in these two statements. The ninth statement referred to satisfaction from availability and 

quality of sidewalks and pedestrian crossings in the neighborhood. The 10th and 11th 

statements referred to sports areas in the neighborhood. These two statements asked 

about satisfaction from availability and quality of sports areas and access to these areas. 

The 12th and 13th statements referred to trails. These statements asked about satisfaction 

from availability and quality of trails, as well as access to trails in the neighborhood. The 

14th statement referred to perception of safety and asked about satisfaction related to 

safety from the threat of crime in the neighborhood. The 15th statement asked 

respondents’ satisfaction levels from their neighborhood as a good place to raise children. 

The 16th statement asked their satisfaction levels from their neighborhood as a good place 

to live. Finally, the last statement asked about residents’ overall satisfaction with their 

neighborhoods.  

 

Responses given using the five-point satisfaction scale were scored from one (strongly 

dissatisfied) to five (strongly satisfied) and satisfaction index scores were developed for 

each PUD. Satisfaction scores were analyzed in two different ways. First, the overall 

satisfaction scores were used in comparison of PUDs. Second, the average of scores given 

to the 17 statements asked in this section was calculated and this average satisfaction score 

was compared across PUDs. 

 

7.6.1. Overall Satisfaction 

Following the 16 item-based satisfaction, respondents from all four PUDs were asked their 

overall satisfaction levels with their neighborhood. Despite high variation across the 16 

item-based satisfaction scores, overall satisfaction was high in all four PUDs all of which fell 

into the upper half of the satisfaction scale. Three of the four PUDs, PUD1, PUD2, and 

PUD4, had mean overall satisfaction scores somewhere between satisfied and strongly 

satisfied. PUD2 had the highest mean score for overall satisfaction (4.72) followed by PUD4 

(4.50) and PUD1 (4.41). However, PUD3 had a lower mean satisfaction level somewhere 

between neither satisfied nor dissatisfied and satisfied (3.88). Figure 7-28 displays the box 

plots for overall satisfaction scores. 
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Figure 7-28 All PUDs: Overall satisfaction 

 

In order to understand statistical significance levels for the differences in overall satisfaction 

scores across PUDs, two sample t-tests with pooled variances were performed. The null 

hypothesis was that mean overall satisfaction scores were equal, and the alternate 

hypothesis was that mean satisfaction scores were not equal. The p-values to observe such 

t-statistics were computed and used to reject or accept the null hypothesis. Table 7-27 

shows the t-test results in detail. 

 

Table 7-27 T-tests for comparison of mean overall satisfaction scores 

Hypothesis test results for neighborhood (overall) satisfaction scores 

µPUDX1 : mean overall satisfaction score in PUDX1 

µPUDX2 : mean overall satisfaction score in PUDX2 

µPUDX1 - µPUDX2 : mean difference 

H0 : µPUDX1 - µPUDX2 = 0 

HA : µPUDX1 - µPUDX2 ≠ 0 

(with pooled variances) 

Difference Sample Mean Std. Err. DF T-Stat P-value 
µPUD1 - µPUD2 -0.30974358 0.164395 87 -1.8841419 0.0629 

µPUD1 - µPUD3 0.52454215 0.2107323 72 2.4891398 0.0151 

µPUD1 - µPUD4 -0.08974359 0.1764361 75 -0.5086466 0.6125 
µPUD2 - µPUD3 0.83428574 0.1738091 83 4.8000126 <0.0001 
µPUD2 - µPUD4 0.22 0.1422636 86 1.5464255 0.1257 

µPUD3- µPUD4 -0.6142857 0.1866033 71 -3.2919333 0.0016 
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T-tests for pairwise comparisons of overall satisfaction scores in PUD1 and PUD3, PUD2 and 

PUD3, and PUD3 and PUD4 resulted in very small p-values to observe similar means and 

statistically indicated that the mean overall satisfaction scores were different. The p-value 

for PUD1 and PUD3 comparison was 0.015, while for PUD2 and PUD3 it was <0.0001, and 

for PUD3 and PUD4 it was 0.0016. These scores suggested that PUD3 had statistically lower 

overall satisfaction mean score than any of the other three PUDs. The t-test for other 

pairwise comparisons did not reach statistical significance at the 95% confidence level and, 

therefore, the difference in the mean scores could not be statistically proven.  

 

General linear modeling using PUDs as classes was also performed in SAS software and 

similar results were found. Table 7-28 shows 95% confidence limits for overall satisfaction 

scores for all PUD comparisons. Results significant at the 0.05 level are indicated. 

 

Table 7-28 General linear modeling for comparison of mean overall satisfaction scores 

The GLM Procedure 

Tukey's Studentized Range (HSD) Test for Overall satisfaction score 

Alpha  0.05 

Error Degrees of Freedom  158 

Error Mean Square  0.611131 

Critical Value of Studentized Range 3.67214 

PUD 
Comparison 

Difference between 
means Simultaneous 95%confidence limits 

PUD2 - PUD4 0.2200  -0.2169  0.6569 

PUD2 - PUD1 0.3097  -0.1239  0.7434 

PUD2 - PUD3  0.8343  0.3869  1.2817  *** 

PUD4- PUD2  -0.2200  -0.6569  0.2169 

PUD4 - PUD1   0.0897  -0.3729  0.5524 

PUD4 - PUD3  0.6143   0.1387  1.0898  *** 

PUD1 - PUD2   -0.3097  -0.7434  0.1239 

PUD1 - PUD4    -0.0897  -0.5524  0.3729 

PUD1 - PUD3   0.5245  0.0519  0.9972  *** 

PUD3 - PUD2 -0.8343  -1.2817 -0.3869  *** 

PUD3 - PUD4 -0.6143  -1.0898 -0.1387  *** 

PUD3 - PUD1 -0.5245  -0.9972 -0.0519   

NOTE: This test controls the Type I experimentwise error rate. 

Comparisons significant at the 0.05 level are indicated by *** 
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To summarize, according to both two-sample t-tests and general linear modeling 

comparison, at the 95% confidence level, PUD3 had a lower overall satisfaction score than 

any of the other three PUDs. No other statistical significant differences were found at this 

confidence level. 

 

7.6.2. Satisfaction Score 

The average of the 17 satisfaction statements was used to form a satisfaction score for 

each respondent. Then, satisfaction scores for each PUD were analyzed by grouping 

respondents into corresponding PUDs. Mean satisfaction scores for all four PUDs were in the 

satisfied half of the satisfaction scale. Whereas PUD2 and PUD4 residents were on average 

satisfied to strongly-satisfied with their neighborhood, PUD1 and PUD3 residents had on 

average lower satisfaction scores somewhere between neither-satisfied-nor-dissatisfied and 

satisfied. The average satisfaction scores for the PUDs were as follows in descending order: 

PUD2 4.36, PUD4 4.27, PUD1 3.87, and PUD3 3.45 (Figure 7-29). 

 

 

Figure 7-29 All PUDs: Satisfaction scores 

 

Variances for PUD1 and PUD3 were relatively larger compared to PUD2 and PUD4. For 

instance, variance in PUD1 was 1.5 times, variance in PUD3 was two times the variance in 

PUD2 (Table 7-29). All respondents from PUD2 and PUD4 had average satisfaction scores 

scattered in the upper half of the satisfaction index (>3).  However, in PUD1 and PUD3, the 
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lower ends of satisfaction score distributions were in the lower half of the satisfaction scale, 

somewhere between dissatisfied and strongly dissatisfied (<3).  

 

Table 7-29 All PUDs: Satisfaction scores across PUDs 

Summary statistics for neighborhood average satisfaction scores 

PUD n Mean Variance Std. 
Dev. 

Std. 
Err. Median Range Min Max Q1 Q3 

PUD1 39 3.873 0.440 0.664 0.106 4.000 3.294 1.588 4.882 3.529 4.294 

PUD2 50 4.366 0.141 0.375 0.053 4.412 1.706 3.235 4.941 4.059 4.647 

PUD3 35 3.452 0.623 0.789 0.133 3.412 3.118 1.706 4.824 3.000 4.118 

PUD4 38 4.276 0.215 0.464 0.075 4.265 1.706 3.294 5.000 3.941 4.706 

 

Two sample t-tests with pooled variances were made for satisfaction scores to understand 

the statistical significance of differences in satisfaction scores. The null hypothesis for t-tests 

was that the mean satisfaction scores were equal and the alternate hypothesis was that the 

mean satisfaction scores were not equal. P-values for PUD1 and PUD2, PUD1 and PUD3, 

and PUD1 and PUD4 comparisons stayed at very small values (<0.001, 0.015, and 0.0029 

respectively) giving significant evidence to reject the null hypothesis at the 0.05 level. 

Similarly, the PUD2 and PUD3 comparison and the PUD3 and PUD4 comparison both 

resulted in very small p-values (<0.0001) which was suggestive of statistical significance of 

different mean satisfaction scores. However, the p-value in PUD2 and PUD4 comparison 

was large (0.31) which signified a higher possibility of equal mean satisfaction scores (Table 

7-30). 

 

Table 7-30 T-tests for comparison of mean satisfaction scores 

Hypothesis test results for neighborhood (average) satisfaction scores 

µPUDX1 : mean average satisfaction score in PUDX1 
µPUDX2 : mean average satisfaction score in PUDX2 
µPUDX1 - µPUDX2 : mean difference 
H0 : µPUDX1 - µPUDX2 = 0 
HA : µPUDX1 - µPUDX2 ≠ 0 
(with pooled variances) 

Difference Sample Mean Std. Err. DF T-Stat P-value 

µPUD1 - µPUD2 -0.493061 0.1113417 87 -4.4283595 <0.0001  

µPUD1 - µPUD3 0.4209912 0.168968 72 2.4915435 0.015  

µPUD1 - µPUD4 -0.4027749 0.1307967 75 -3.079397 0.0029  

µPUD2 - µPUD3 0.9140521 0.1282129 83 7.129175 <0.0001 

µPUD2 - µPUD4 0.0902861 0.0894832 86 1.0089718 0.3158 

µPUD3- µPUD4 -0.8237661 0.1501282 71 -5.487085 <0.0001  

 

It should be noted that the satisfaction scores were not normally distributed in all four 

PUDs, and the variances were not equal which could violate t-test assumptions. As an 

alternative to t-tests, similar comparisons could be made using general linear modeling 
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which was more robust to normal distribution violations (Agresti and Finlay, 1997). Still, it 

should be noted that general linear modeling assumes similar variances across classes 

which might have been violated in this case. Hence, other than two-sample t-tests, general 

linear modeling using PUDs as classes was also performed in SAS software. General linear 

modeling yielded similar results with two sample t-tests with pooled variances. Table 7-31 

shows 95% confidence limits for PUD mean satisfaction score comparisons. Comparisons 

significant at the 0.05 level are indicated.  

 

Table 7-31 General linear modeling for comparison of mean satisfaction scores 

The GLM Procedure 

Tukey's Studentized Range (HSD) Test for Social environment score 

Alpha  0.05 

Error Degrees of Freedom  158 

Error Mean Square  0.333428 

Critical Value of Studentized Range 3.67214 

PUD Comparison Difference 
between means Simultaneous 95%confidence limits 

PUD2 - PUD4 0.0904   -0.2323  0.4131 

PUD2 - PUD1 0.4931  0.1728  0.8134  *** 

PUD2 - PUD3  0.9148  0.5843  1.2452  *** 

PUD4- PUD2  -0.0904  -0.4131  0.2323 

PUD4 - PUD1   0.4027   0.0609  0.7445  *** 

PUD4 - PUD3  0.8244  0.4731  1.1756  *** 

PUD1 - PUD2   -0.4931  -0.8134 -0.1728  *** 

PUD1 - PUD4    -0.4027  -0.7445 -0.0609  *** 

PUD1 - PUD3   0.4216  0.0725  0.7708  *** 

PUD3 - PUD2 -0.9148  -1.2452 -0.5843  *** 

PUD3 - PUD4 -0.8244  -1.1756 -0.4731  *** 

PUD3 - PUD1 -0.4216   -0.7708 -0.0725  *** 

NOTE: This test controls the Type I experimentwise error rate. 

Comparisons significant at the 0.05 level are indicated by *** 

 

 

The results showed that both PUD2 residents and PUD4 residents had statistically higher 

average satisfaction scores than both PUD1 and PUD3 residents at a 95% confidence level. 

Also, at the 95% confidence level, PUD1 residents on average reported higher satisfaction 

scores than PUD3 residents. Overall, PUD2 and PUD4 had the top two highest mean 

satisfaction scores, followed by PUD1 and then PUD3. Figure 7-30 displays item based and 

overall comparison of the satisfaction index across PUDs. 
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Figure 7-30 All PUDs: Item-based scores for satisfaction 
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7.7. SUMMARY: FINDINGS FROM THE COMMUNITY SURVEY 

This section will summarize the findings from the community survey. Of a total 162 

respondents, more than half were females. The average age of the respondents was 42. On 

average three people lived per household and on average one of these was a child.  Around 

half of the respondents were professionals working away from home.  The other half of the 

respondents were homemakers, retirees, students, and people working at home.  

 

Slightly more than half of the respondents reported getting physically active in two of four 

possible place groups given, which were neighborhood indoors, neighborhood outdoors, out 

of neighborhood indoors, or out of neighborhood outdoors. Neighborhood outdoors was 

reported by most of the respondents as one of the places they participated in physical 

activity.  

 

A summary of the findings for each PUD follows: 

PUD1: 

• Respondents’ profile: Thirty-nine residents responded to the community survey and 

were included in the analysis. Half of the respondents were males and half were 

females. The average age of the respondents was 43. On average three people (3.4) 

lived per household and on average one of these was a child (1.47). Among 

respondents in PUD1, one in two was working away from home, one in four was 

working at home, one in six was taking care of children at home, and around one in 13 

was a retiree or a student. 

• Physical activity participation: The majority of the respondents in PUD1 reported being 

physically active at a moderate or higher level for at least 10 minutes at a time during a 

regular week. Weekly physical activity time ranged of respondents in PUD1 ranged from 

five hours to 11 hours, on average, was higher than the mean physical activity time in 

adults reported in other studies (Rodriguez, Khattak, Evenson, 2006). Respondents in 

PUD1 spent two and a half hours to five and a half hours of their weekly physical 

activity time in their neighborhood and outdoors. 

• Physical activity levels/types: Around three quarters of the respondents in PUD1 met 

the physical activity levels recommended by the Surgeon General. Walking was the 

most common physical activity in PUD1 and comprised 44% of all responses.  Among 

lot-based activities, gardening and playing with kids, and resting/sitting were three 

commonly reported activity types in PUD1, and each comprised  above 20% of all 

responses. 

• Neighborhood physical environment: On average, respondents in PUD1 “agreed” with 

the statements suggesting that they perceived their neighborhood as being pedestrian-
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friendly in terms of the availability of alternate routes, the topography not being hilly to 

walk, the aesthetics of the streetscape, the absence of heavy vehicular traffic hindering 

walking, street lighting at night, and safety in general and for children.  

• Neighborhood social environment: On average, respondents “agreed” with statements 

signifying their attraction-to-neighborhood, and they were slightly below the “agree” 

level for statements about their neighboring. Overall, the social environment score, the 

combination of attraction-to-neighborhood and neighboring, was slightly below “agree” 

level.  

• Neighborhood satisfaction: On average, PUD1 residents were slightly below “satisfied”, 

but above a neutral level about different aspects of their neighborhood including 

availability, quality of and access to different neighborhood amenities. Especially, 

commercial facilities such as food stores and restaurants were rated low by PUD1 

residents among other amenity categories and were, on average, in the dissatisfied 

zone. 

 

PUD2: 

• Respondents’ profile: Fifty residents responded to the community survey and were 

included in the analysis. Almost three quarters of the respondents were females and 

only a quarter were males. The average age of the respondents was 46. On average 

two to three people (2.8) lived per household, and on average one of these was a child 

(0.95). Among respondents in PUD2, around one in two was working away from home, 

one in six was taking care of children at home, one in six was working at home, one in 

six was a retiree, and one in eight was a student. 

• Physical activity participation: The majority of the respondents in PUD2 reported being 

physically active at a moderate or higher level for at least 10 minutes at a time during a 

regular week. The weekly physical activity time for respondents in PUD2 ranged from 

five hours to nine hours and on average was higher than the findings of similar studies. 

Respondents in PUD2 spent two and a half hours to four hours of their weekly physical 

activity time in their neighborhood and outdoors. 

• Physical activity levels/types: Slightly more than three quarters of the respondents in 

PUD2 met the physical activity levels recommended by the Surgeon General. Walking 

was the most common physical activity in PUD2 and comprised slightly more than half 

of all responses (52%).  Among lot-based activities, gardening and resting/sitting were 

two commonly reported activity types in PUD2 and each comprised more than 20% of 

all responses. 

• Neighborhood physical environment: On average, respondents in PUD2 “agreed” with 

the statements suggesting that they perceived their neighborhood as being pedestrian-
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friendly in terms of the combination of different aspects such as availability of alternate 

routes, the topography not being hilly to walk, the aesthetics of the streetscape, the 

absence of heavy vehicular traffic hindering walking, street lighting at night, and safety 

in general and for children. The neighborhood’s hilly topography, however, was the 

lowest scored item in PUD2 among other physical aspects of the pedestrian 

environment. 

• Neighborhood social environment: On average, respondents were between “agree” to 

“strongly agree” level in regard to statements about their attraction-to-neighborhood.  

They “agreed” with statements about high levels of neighboring. Overall, the social 

environment score, the combination of attraction-to-neighborhood and neighboring, 

was slightly above the “agree” level.  

• Neighborhood satisfaction: On average, PUD2 residents were above “satisfied”, and 

near “strongly satisfied” level about different aspects of their neighborhood including 

availability, quality of and access to different neighborhood amenities. Community 

centers and clubhouses, and sports areas categories were rated lower by PUD2 

residents among other amenity categories around the neutral zone.  

 

PUD3: 

• Respondents’ profile: Thirty-five residents responded to the community survey and 

were included in the analysis. Almost three quarters of the respondents were females 

and only a quarter were males. Average age of the respondents was 39. On average 

two to three people (2.7) lived per household, and on average one of these was a child 

(0.62). Among respondents in PUD3, around one in two was working away from home, 

one in nine was a retiree, one in 12 was taking care of children at home, one in 12 was 

working at home, and one in 18 was a student. 

• Physical activity participation: Most respondents in PUD3 reported being physically 

active at a moderate or higher level for at least 10 minutes at a time during a regular 

week. Weekly physical activity time ranged of respondents in PUD3 ranged from four 

hours to 10 hours and on average was higher than the findings of similar studies 

investigating physical activity in adults. Respondents in PUD3 spent one and a half 

hours to three and a half hours of their weekly physical activity time in their 

neighborhood and outdoors. 

• Physical activity levels/types: Slightly less than half of the respondents in PUD3 met the 

physical activity levels recommended by the Surgeon General. Walking was the most 

commonly reported physical activity in PUD3, and comprised 33% of all responses. This 

was followed by gardening/yard work with 22%. Among lot-based activities, gardening 
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was the most commonly reported activity type in PUD3 and covered a quarter of all 

responses. 

• Neighborhood physical environment: On average, respondents in PUD3 were slightly 

above “neutral” but below “agree” level about pedestrian friendliness of their 

neighborhood evaluated with the statements such as availability of alternate routes, the 

topography not being hilly to walk, the aesthetics of the streetscape, the absence of 

heavy vehicular traffic hindering walking, street lighting at night, and safety in general 

and for children.  

• Neighborhood social environment: On average, respondents were between “neutral” to 

“agree” about statements suggestive of their attraction-to-neighborhood and 

involvement in neighboring relations. Overall, the social environment score, the 

combination of attraction-to-neighborhood and neighboring, was between “neutral” to 

“agree” level.   

• Neighborhood satisfaction: On average, PUD3 residents were below “satisfied”, but 

above the “neutral” level about different aspects of their neighborhood including 

availability, quality of and access to different neighborhood amenities. Especially, 

commercial facilities such as food stores and restaurant were rated low by PUD1 

residents among other amenity categories and dissatisfaction was reported in regard to 

this amenity category. 

 

PUD4: 

• Respondents’ profile: Thirty-eight residents responded to the community survey and 

were included in the analysis. Almost three quarters of the respondents were females 

and only a quarter were males. The average age of the respondents was 40. On 

average three people (3.3) lived per household and on average one of these was a child 

(1.36). Among respondents in PUD4, more than one in two was working away from 

home, one in six was taking care of children at home, one in 10 was working at home, 

one in 20 was a retiree, and one in 38 was a student. 

• Physical activity participation: Most respondents in PUD4 reported being physically 

active at least at moderate level for at least 10 minutes at a time during a regular week. 

Weekly physical activity time ranged of respondents in PUD4 ranged from five hours to 

11 hours and on average was higher than the findings of similar studies. Respondents 

in PUD4 spent two hours to four hours of their weekly physical activity time in their 

neighborhood and outdoors. 

• Physical activity levels/types: Slightly less than three fifths of the respondents in PUD4 

met the physical activity levels recommended by the Surgeon General. Walking was the 

most common physical activity in PUD4 and comprised 41% of all responses.  Among 
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lot-based activities, resting and sitting was the most commonly reported activity type in 

PUD4 and comprised more than 20% of all responses. 

• Neighborhood physical environment: On average, respondents in PUD4 were between 

“neutral” to “agree” level about their neighborhood being pedestrian-friendly in terms of 

availability of alternate routes, the topography not being hilly to walk, the aesthetics of 

the streetscape, the absence of heavy vehicular traffic hindering walking, street lighting 

at night, and safety in general and for children.  

• Neighborhood social environment: On average, respondents were slightly below the 

“agree” level about their attraction-to-neighborhood, and they were between “neutral” 

and “agree” levels for statements about their neighboring. Overall, social environment 

score, the combination of attraction-to-neighborhood and neighboring, was below 

“agree” level, between “neutral” and “agree” levels. 

• Neighborhood satisfaction: On average, PUD4 residents were above “satisfied”, and 

near a “strongly satisfied” level about different aspects of their neighborhood including 

availability, quality of and access to different neighborhood amenities. On average, 

satisfaction was reported with most of the amenity categories. 

 

The findings from the community survey are summarized below for the comparison pairs, 

used in the conceptual framework of the study (Chapter 3). 

Comparison of the PUD1-PUD2 pair: 

• Physical activity participation: The majority of the respondents in both PUDs reported 

participating in some type of physical activity at least at moderate intensity level for at 

least 10 minutes at a time. 

• Physical activity levels: No significant difference was detected in the average weekly 

total physical activity time and the weekly physical activity time spent in neighborhood 

outdoors only. When respondents in both neighborhoods were analyzed in terms of 

meeting/not meeting the recommended physical activity levels, no significant 

differences were detected. In fact, in both neighborhoods, around three quarters of the 

respondents met the recommended weekly physical activity levels.  

• Physical activity types: In both PUDs, walking was the most common physical activity 

reported by respondents. Even though in both PUDs walking comprised the majority of 

the responses, whereas in PUD1 slightly less than half of the responses involved some 

type of walking, in PUD2 the frequency was higher than the half. Whereas walking for 

exercise and walking the dog responses were comparable in both PUDs, a larger 

percentage of respondents in PUD2 reported walking to get from place to place, and a 

larger percentage in PUD1 reported walking for leisure. Overall, the difference between 

walking to get from place to place was higher than the difference to walk for leisure. 
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Utilitarian amenities in PUD created everyday destinations for residents, increased 

frequencies of walking to get from place to place and thus increased the overall walking 

activity. Instead, respondents living in the neighborhood with no utilitarian amenities 

walked more for leisure. The layouts in both neighborhoods were connected, which 

eased walking and resulted in high levels of dynamic physical activities such as walking.   

• Neighborhood physical environment: In both PUDs, respondents rated their 

neighborhood physical environment high in terms of their pedestrian aspects and no 

statistical significant difference was detected between their physical environment 

scores. The item-based analysis, however, showed that PUD2 residents rated 

“topography” and PUD1 residents rated “safety for children” with lower scores. These 

differences, however, did not create any significant difference in the overall score. 

• Neighborhood social environment: Attraction-to-neighborhood, neighboring, and the 

social environment score that was constructed using the two, received higher scores in 

PUD2 than PUD1. However, on average, both PUDs' residents rated these variables with 

higher scores, and no statistical difference was detected in any of these scores.  

• Neighborhood satisfaction: When a combination of different aspects of the 

neighborhood physical environment was considered, PUD1 residents were less satisfied 

with their neighborhood compared to PUD2 residents. The difference was especially due 

to differences in satisfaction from restaurants and food stores category between the 

two PUDs. The absence of utilitarian amenities in PUD1 created dissatisfaction in 

residents, and thus the residents that lived in this neighborhood rated the availability 

and quality of and access to these neighborhood amenities with lower scores. Thus, the 

contribution of utilitarian amenities in average satisfaction was detected and the 

difference in average satisfaction scores was statistically significant.  

 

Comparison of the PUD1-PUD3 pair: 

• Physical activity participation: The percentage of respondents reported participating in 

some type of physical activity at least at a moderate intensity level and for at least 10 

minutes at a time was higher in PUD1 than in PUD3. Still, in both PUDs, the fraction 

was more than half. 

• Physical activity levels: Even though mean weekly physical activity time was higher in 

PUD1 than in PUD3, no significant difference was detected in either average weekly 

total physical activity time or weekly physical activity time spent in neighborhood 

outdoors only.  When the respondents were analyzed in terms of meeting/not meeting 

the physical activity levels recommended by the Surgeon General, in PUD1 around three 

quarters of the respondents met the recommendations, but in PUD3 only less than half 

of the respondents met the recommendations. The differences in proportion of people 
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meeting the recommended activity levels were statistically significant at the 95% 

confidence level. When the individual level variables were included in the analysis, still 

the difference remained statistically significant. PUD1 with its more connected and more 

intelligible layout, provided ease of navigation, facilitated physical activities, and 

increased overall activity levels.  

• Physical activity types: In both PUDs, walking was the most common physical activity 

reported by respondents. The total percentage distribution of walking was higher in 

PUD1 than in PUD3. In fact, in PUD3 gardening activity was at a comparable 

percentage with walking. Among walking types, whereas walking the dog was at 

comparable rates in both PUDs, walking for leisure, walking for exercise and walking to 

get from place to place was higher in PUD1 compared to PUD3. The difference was 

especially related to walking to get from place to place. In PUD1, residents were 

provided a connected and intelligible layout that facilitated route-based activities and 

thus more people walked within the neighborhood for exercise, for leisure and 

especially to get from place to place. Even though PUD1 did not have any utilitarian 

amenities, more residents walked to parks, playgrounds or just walked to visit their 

friends, neighbors than in PUD3.  

• Neighborhood physical environment: PUD1 respondents rated their neighborhood 

physical environment higher in terms of its pedestrian aspects compared to PUD3 

residents and the difference between physical environment scores of the PUDs was 

statistically significant. Item based analysis showed that both PUD1 and PUD3 residents’ 

scores for topography and perception of traffic levels were parallel. However, PUD3 

residents rated “aesthetics”, “street lighting at night”, and “safety for children” slightly 

lower, and “availability of alternate routes” considerably lower in comparison with 

PUD1. Thus, these differences led to a significant difference in the overall score. PUD1, 

with its connected layout, offered a range of routes to its residents, they did not need 

to walk the same way, and therefore increased levels of walking was detected which, in 

turn, resulted in higher activity levels.  

• Neighborhood social environment: Attraction-to-neighborhood, neighboring, and the 

social environment score that constructed using attraction and neighboring, received 

higher scores in PUD1 than in PUD3 and the differences were statistically significant at 

the 95% confidence level. In PUD1, connected layout facilitating people to walk gave 

increased probabilities for coincidental encounters among residents and thus resulted in 

higher levels of social interaction in the neighborhood. 

• Neighborhood satisfaction: When a combination of different aspects of the 

neighborhood physical environment was considered, PUD3 residents were less satisfied 

with their neighborhood compared with PUD1 residents. The variation was especially 
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due to differences in satisfaction from parks and playgrounds, and trails categories 

between the two PUDs. The disconnected layout pattern of PUD3 decreased residents’ 

access to amenities such as parks and playground within the neighborhood, and, 

therefore, decreased their satisfaction levels. 

 

Comparison of the PUD3-PUD4 pair: 

• Physical activity participation: The percentage of respondents reported participating in 

some type of physical activity at least at a moderate intensity level and for at least 10 

minutes at a time was higher in PUD4 than in PUD3. Still, in both PUDs, the fraction 

was more than half. 

• Physical activity levels: Even though the mean total weekly physical activity time and 

weekly physical activity time spent in neighborhood outdoors only was slightly higher in 

PUD4 than in PUD3, the difference was not statistically different. When the respondents 

were analyzed in terms of meeting/not meeting the physical activity levels 

recommended by the Surgeon General, around 50% of the residents in PUD3 and 

around 60% of the respondents in PUD4 met the recommendations. The difference in 

the proportion of people meeting the recommended activity levels was not statistically 

significant at the 95% confidence level. Even when the individual level variables were 

included in the analysis, still the difference did not reach statistical significance. Both 

PUDs had similar layout patterns and amenity content, and the only difference between 

the two was the amenity location patterns, as PUD3 were centralized, and as PUD4 was 

dispersed in terms of amenity locations. This difference however did not result in any 

statistical significant difference in activity levels.  

• Physical activity types: In both PUDs, walking was the most common physical activity 

reported by respondents. The total percentage distribution of walking was higher in 

PUD4 than in PUD3. In fact, in PUD3, gardening activity was at a comparable 

percentage with walking. Among walking types, whereas walking for exercise, walking 

for leisure, and walking the dog was at comparable rates in both PUDs, walking to get 

from place to place was higher in PUD4 compared to PUD3. Even though both 

neighborhoods had similar layout and amenity content, amenity location pattern 

differences may be a factor in this difference. In PUD4, which featured a disperse 

pattern, more residents had an amenity nearby their homes, and may have chosen to 

walk to these.  

• Neighborhood physical environment: PUD4 respondents rated their neighborhood 

physical environment slightly higher in terms of its pedestrian aspects compared to 

PUD3 residents, however the difference between physical environment scores of the 

PUDs was not statistically significant. The item-based analysis showed that both PUD3 
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and PUD4 residents’ scores for perception of traffic levels and street lighting at night 

were parallel. However, PUD3 residents rated “alternate route availability”, “aesthetics” 

slightly lower, and “safety for children” considerably lower than PUD4 residents. PUD4 

residents rated “topography” being hillier compared to PUD3 residents. However, these 

differences overall, did not lead to statistical significance. Both neighborhoods, with 

similar amenity contents and layouts, and a difference in their amenity location pattern, 

were comparably perceived as pedestrian-friendly by the respondents. 

• Neighborhood social environment: Attraction-to-neighborhood was slightly higher in 

PUD4 than in PUD3. Neighboring score and the social environment score that was 

constructed using the neighboring and attraction-to-neighborhood scores received 

similar scores in PUD3 and PUD4. Overall, the differences in the scores were not 

statistically significant. Both PUDs with similar amenity contents and layouts, despite 

their differences in amenity location patterns, contributed to neighborhood social 

interaction at similar levels.  

• Neighborhood satisfaction: When a combination of different aspects of the 

neighborhood physical environment was considered, PUD3 residents were less satisfied 

with their neighborhood compared to PUD4 residents. The difference was evenly 

distributed among all aspects that formed the satisfaction score.  Amenity location 

patterns may be an important factor in differences in satisfaction. Because of disperse 

amenity pattern, PUD4 residents perhaps perceived themselves in close proximity to at 

least one of the neighborhood amenities and therefore reported higher satisfaction 

levels with the availability and quality of and access to different neighborhood 

amenities.  

 

7.7.1. Summary 

The community survey, overall, provided useful findings on a wide range of topics including 

physical activity (participation, levels, and types), social interaction, the perception of 

neighborhoods and satisfaction from the neighborhood physical environment. To summarize 

the major findings acquired from this data collection method, five points can be 

emphasized: 

• Utilitarian amenities helped to create destinations for residents, and overall, contributed 

to an increase in walking to get from place to place, and thus, increased overall walking 

levels. This was observed when the layout was already connected and intelligible easing 

navigation and route-based activities. 

• A connected layout, by offering residents alternate routes and creating variation in 

route selection resulted in increased walking level and thus increased physical activity 

levels. More residents met the recommended activity levels in neighborhood with more 
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connected and intelligible layouts compared to less connected and less intelligible 

layouts. Neighborhood site design variables were found to be better predictors of 

physical activity levels than individuals’ profile variables.  

• Connected and intelligible layouts increased coincidental encounters among residents 

and contributed to increased social interaction within the neighborhood.  

• Amenity location patterns, identified as centralized and dispersed did not result in 

significant increases in overall physical activity levels. However, a dispersed pattern, 

reducing average distances from a residential unit to an amenity, may result in 

increased satisfaction from amenities.  

• Intelligibility scores showed a similar pattern with residents’ activity levels, walking to 

get from place to place, physical environment scores, and social environment scores. 

This suggested that neighborhood site design variables had influences on physical 

activity and social interaction level. Further, syntactical properties of neighborhood 

space, especially intelligibility, may be a good predictor of physical activity levels.  
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CHAPTER 8 

 

 

 

8. DISCUSSION  
This study investigated the influences of neighborhood site design on physical activity and 

social interaction using four different site design patterns of suburban residential planned 

unit developments (PUDs). Amenity content and site layout of PUDs were studied to identify 

the site design differences. Physical activity patterns in terms of place, activity type, 

frequency and duration; and social interaction patterns in terms of social activity types, 

neighboring, and attraction-to-neighborhood were studied in relation to the neighborhood 

built environment. Three different types of data were used to analyze the influences of site 

design on physical activity and social interaction. First, spatial analysis was used to examine 

the spatial features of the PUDs and to identify differentiations in their site design with a 

focus at both meso- and micro-levels. Second, behavior mapping was used to understand 

the use patterns within the neighborhood outdoor environment. Third, a community survey 

was used to collect information on physical activity and social interaction patterns of 

residents, as well as their perceptions and evaluations of the neighborhood built 

environment. The previous three chapters presented the findings obtained from the analysis 

of these data. 

 

This chapter will, first, summarize the findings of the study from the previous three 

chapters. Second, comparisons between the PUDs will be made and findings will be 

discussed using three pairwise comparisons on which the main research framework was 
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built. Through these three comparisons, relative influences of utilitarian amenities, site 

layout, amenity location patterns, and intelligibility will be questioned. Third, results will be 

summarized and limitations of the study will be stated. 

 

8.1. SUMMARY OF THE FINDINGS 

Spatial analysis was used to collect data on the independent variables of this research which 

were neighborhood site design features of the PUD cases studied. The findings from the 

spatial analysis revealed differences in site design patterns of the four cases. Syntactical 

analyses showed that, the integration core, which was formed by the most integrated axes 

within each neighborhood’s axial map, was in a deformed-wheel shape in PUD1 and PUD2, 

neighborhoods with connected (more connected) layout; and was in a spine shape in PUD3 

and PUD4, neighborhoods with disconnected (less connected) layouts. In PUD1 and PUD2 

“rings” were present in the axial map, whereas in PUD3 and PUD4 no major “ring” 

formation was observed.  

 

Intelligibility analysis showed that all the four cases had different intelligibility values, being 

the highest in PUD2 and then in PUD1, PUD4, and lastly in PUD3. Whereas intelligibility 

values of PUD1 and PUD2 were at the higher end of the spectrum, for PUD3 and PUD4 

intelligibility values were comparably at the lower end. 

 

Behavior mapping and the community survey were used to collect data on the dependent 

variables which were physical activity and social interaction. Triangulation and the validation 

of results were met through the use of different data collection methods.  

 

Behavior mapping data revealed that intensity of use of the neighborhood outdoors and 

activity types were not even across all PUDs. In PUD2, the total number of observations 

was higher than in PUD1, in PUD4 and PUD3 respectively. The order remained the same 

even when normalized using the neighborhood population suggesting intensity of outdoor 

space use differences across PUDs. Among all outdoor activities observed, walking was the 

most frequent outdoor activity in PUD2 and PUD1. In PUD3 and PUD4, place-based 

activities, such as standing and garden activities, were observed at higher frequencies. 

Whereas in PUD1 and PUD2 streets were the most frequently used outdoor place type, in 

PUD3 and PUD4, it was the garden/lot/porch. Within and across all four PUDs, the use of 

recreational amenities, especially parks varied. Micro-scale design elements, such as street 

furniture, shade, landscaping, and other behavior supporting elements, determined use 

levels.  
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The findings from the community survey also validated that activity levels were not even 

across all the four PUDs studied. More respondents from PUD1 and PUD2 met the 

recommended physical activity levels than in PUD3 and PUD4.  When individual profile 

variables, such as sex, age, and having children at home or not were also included in the 

analysis, neighborhood design variables were still powerful in explaining differences in 

physical activity levels. Especially, PUD1 and PUD2 had a statistically higher proportion of 

people who met the recommended level compared to PUD3. 

 

Agreeing with the findings of behavior mapping, community survey findings also indicated 

differences in frequencies of activity types respondents engaged in their neighborhoods. 

Even though in all four cases walking was a common physical activity respondents 

participated in their neighborhoods, walking types and levels changed across PUDs. In 

PUD2 more respondents reported walking than in the other three neighborhoods, followed 

by PUD1, PUD4 and PUD3 respectively. The difference in total walking was as a result of 

walking from place to place which was reported more frequently in both PUD1 and PUD2 

than in PUD3 and PUD4. Again, confirming the results from behavior mapping, findings 

from the community survey indicated that gardening and yard work was higher especially in 

the PUD3 where walking was the lowest in frequency.  

 

An inquiry of how respondents perceived and evaluated their neighborhood’s pedestrian 

aspects showed that both PUD1 and PUD2 had higher scores than PUD3 and PUD4, which 

suggested the former two were perceived as more pedestrian-friendly by their residents. 

Even though most aspects that respondents evaluated were rated higher in PUD1 and 

PUD2, the difference in scores was mainly related to higher scores for the availability of 

alternate routes in these two neighborhoods.  

 

Social interaction patterns also showed significant differences across PUDs. Both attraction-

to-neighborhood and neighboring scores, as well as neighborhood social environment 

scores constructed by their combination, were higher in PUD2 than in PUD1, and in PUD1 

than in PUD4 and PUD3.  

 

Satisfaction scores drawn from evaluations regarding availability and quality of, and access 

to different neighborhood amenities, were higher in PUD2 and PUD4 compared with PUD1 

as well as when PUD1 was compared with PUD3. The latter two PUDs were dissatisfied 

especially with restaurants and food stores category.  
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In the next section, PUD cases are compared in relation to the aforementioned findings 

from spatial analysis, behavior mapping, and community survey. In order to understand the 

influences of different neighborhood site design variables, the three main comparison pairs 

described under the conceptual framework section are used in comparisons. PUD1 and 

PUD2 are compared to understand the influences of utilitarian amenities. PUD1 and PUD3 

are compared to understand the influences of site layout. PUD3 and PUD4 are compared in 

order to understand the influences of amenity location patterns. 

 

8.2. COMPARISON OF PUD1-PUD2: INFLUENCES OF UTILITARIAN AMENITIES 

Behavior mapping data suggested that utilitarian amenities led to increases in use levels of 

neighborhood outdoor spaces. By offering destinations where residents could do their 

errands or socialize, utilitarian amenities within neighborhoods such as retails stores, 

restaurants, cafes and the like increased overall outdoor activity levels. Especially high 

occurrences of walking were observed in the neighborhood with both utilitarian and 

recreational amenities as compared to the neighborhood with only recreational amenities. 

The community survey data confirmed these findings about increased levels of walking 

activity as well, but the overall difference in walking levels between the two neighborhoods 

was smaller. Walking activity type was also found to be a major distinction. A larger 

percentage of residents in the neighborhood with utilitarian amenities walked from place to 

place within the neighborhood compared to the neighborhood without utilitarian amenities. 

Rather, in the neighborhood without utilitarian amenities more residents walked for leisure. 

It should be noted that this positive influence of utilitarian amenities on overall outdoor 

activity and walking levels was observed when the neighborhood layout already facilitated 

pedestrian connections to such amenities.   

 

The physical activity levels of residents did not show significant differences between the 

individuals living in a neighborhood with an intelligible layout and with both utilitarian and 

recreational amenities, and a neighborhood with intelligible layout and with only 

recreational amenities. Thus, the odds of individuals to meet the physical activity criteria 

recommended for health benefits by the Surgeon General were comparable in 

neighborhoods with and without utilitarian amenities when neighborhood layout was 

already intelligible and recreational amenities were present. 

  

When the residents rated their neighborhoods’ physical environment in terms of several 

aspects that related to the pedestrian milieu of the neighborhood, similar scores were given 

to both of the neighborhoods.  Both of these neighborhoods with highly intelligible layouts 
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were well-rated by the residents as offering alternate routes and having aesthetics at the 

micro-scale. 

 

No significant distinction could be seen in the social environment of these neighborhoods as 

evaluated by their residents. Whereas the neighborhood with both utilitarian and 

recreational amenities and intelligible layout had higher neighboring and attraction scores, 

which were used to make the social environment index, the differences were not significant. 

This indicated that utilitarian amenities by themselves did not contribute to social interaction 

levels in the neighborhood. High levels of street space use and high levels of walking, which 

were facilitated by intelligible layout, increased the chances for social interaction among 

residents and contributed to social neighborhood environment in both of the 

neighborhoods.  

 

Satisfaction levels showed differences between the two neighborhoods. Whereas overall 

satisfaction levels were comparable, the average satisfaction from different amenity 

categories was statistically different in the two neighborhoods. The major distinction was 

due to utilitarian amenities. Residents of the neighborhood without utilitarian amenities 

were dissatisfied with this aspect of their neighborhood.  

 

8.3. COMPARISON OF PUD1-PUD3: INFLUENCES OF SITE LAYOUT 

Behavior mapping data suggested that the neighborhood with less intelligible site layout 

overall had lower use of the neighborhood outdoors. Other than levels of outdoor use, types 

of activities also significantly differed. Residents living in the neighborhood with less 

intelligible layout walked less compared to the neighborhood with more intelligible street 

layout. Intelligible neighborhood street systems gave more consisted information about 

connectedness and integration of an area within the neighborhood and thus eased 

navigation within the neighborhood. As a result, more residents walked in their 

neighborhood. The distinction between the two groups was not only in walking but also in 

street usage. Residents living in the more intelligible neighborhood used their street spaces 

more than the residents in the less intelligible layout. Rather, garden, lot and porch 

activities increased in the neighborhood with the less intelligible layout. Even though the 

residents could be thought to replace movement activities with place-based activities, the 

overall levels of neighborhood outdoors use was significantly lower in the neighborhood 

with the less intelligible layout. The community survey results also indicated a significant 

difference in walking behavior between the two neighborhoods. The overall difference in 

walking levels was due to less walking to get from place to place and less walking for 

leisure. Due to layout differences, residents living in the less intelligible neighborhood 
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walked less within their neighborhood either to reach the amenities, to visit their neighbors, 

or strolled less within the neighborhood. 

 

Physical activity levels of residents also showed significant differences when the individual 

lived in a neighborhood with recreational amenities and with a more intelligible layout 

compared to a neighborhood with recreational amenities and a less intelligible layout The 

likelihood of individuals to meet the physical activity criteria recommended for health 

benefits by the Surgeon General were significantly smaller in the neighborhood with a less 

intelligible layout compared to the neighborhood with more intelligible layout. For instance, 

the odds for a person to meet the weekly physical activity if that individual lived in the 

neighborhood with higher intelligibility was three times the odds of the individual who lived 

in a neighborhood with less intelligibility. Since walking was the most common physical 

activity one could do in daily routine, neighborhood layouts not facilitating this behavior had 

a large impact on individuals’ overall physical activity levels. 

 

When the residents’ individual level variables including age, sex, and having children at 

home or not were included in the analysis, the explanatory power of the neighborhood 

layout differences remained significant.  Between two people with the same sex and same 

child condition, at the same age, the one living in the more intelligible layout had 

significantly higher chances to meet the recommended physical activity levels than the one 

living in the less intelligible neighborhood. 

 

In residents’ evaluations of their physical environment, the neighborhood with the less 

intelligible layout overall received significantly lower scores compared to the neighborhood 

with higher intelligibility. Even though each aspect of the physical environment used within 

this scale was rated lower by the residents in the less intelligible neighborhood, the major 

distinction was related to route variation.  

 

No significant distinction could be seen in the social environment of these neighborhoods as 

evaluated by their residents. Whereas the neighborhood with the more intelligible layout 

received significantly higher attraction-to-neighborhood scores, neighboring behavior did 

not significantly change between the two groups. Even though the neighborhood with a 

more intelligible layout had higher number of street activities and walking, which were 

thought to facilitate coincidental social interactions among residents, high use levels of 

gardens and lots in the less intelligible neighborhood could have similar interaction among 

residents living in the same locale.  
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Satisfaction levels showed differences between the two neighborhoods in terms of both 

overall and item-based satisfaction scores; as higher scores were assigned to the 

neighborhood with higher intelligibility. Despite this significant difference, satisfaction levels 

of both neighborhoods were close to “satisfied”. Different aspects of the neighborhoods 

related to different amenity types were rated differently by both groups of residents and did 

not show a clear pattern.  

 

8.4. COMPARISON OF PUD3-PUD4: INFLUENCES OF AMENITY LOCATION 

Behavior mapping did not indicate major differences in use levels between these two 

neighborhoods when special events were excluded. Overall, the neighborhood that had 

dispersed recreational amenities within the residential clusters showed similar levels of use 

of neighborhood outdoors compared to the neighborhood that had only a centralized 

recreational amenity core. For activity types, similar percentages were observed. Both of 

the neighborhoods had comparable amount of street space use and garden/lot use. In both 

neighborhoods walking was infrequent. Given the fact that both of these neighborhoods 

had relatively low intelligibility values, the low occurrences of walking was not surprising. 

On the contrary, garden, lot and porch activities were more widespread in both groups. 

 

The community survey data, however, indicated higher levels of walking in the 

neighborhood with dispersed amenities compared to the neighborhood with centralized 

amenities only. The difference was due to walking to get from place to place relative to 

other walking categories. The residents living in the neighborhood with dispersed 

recreational amenities walked more than residents living in the neighborhood with the 

centralized amenity core only. 

 

Even though both of the layouts had lower intelligibility values, in both neighborhoods a 

major amenity core was located in the integrated areas of the neighborhood layout, thus 

having higher likelihood to be used. In the neighborhood with dispersed amenities, behavior 

mapping showed that localized recreational amenities in the form of small pocket parks 

within the residential units did not receive high levels of use.  The town park adjacent to the 

neighborhood attracted more users than the combination of all parks and playgrounds 

located in this neighborhood. Even though residents had amenity resources available in 

close proximity, it was probable that they did not use these due to micro-scale design 

factors. In the neighborhood with a centralized amenity core, similar micro-scale design 

factors may have influences on use levels.  Therefore, when the neighborhood layout is less 

intelligible, the amenity use levels might be influenced by not only location, but also micro-

scale design quality. Whereas having an amenity in an integrated core within the 
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neighborhood was desirable, setting defining features at the level of micro-environment, 

such as benches, play equipment, shade elements etc., also influenced the use levels of the 

amenity. 

 

The physical activity levels of residents did not show significant differences when the 

individual lived in the neighborhood with recreational amenities dispersed within the 

neighborhood and low intelligibility compared to the neighborhood with recreational 

amenities clustered in a single zone and again with low intelligibility. In other words, the 

chances of an individual to meet the physical activity criteria recommended for health 

benefits by the Surgeon General were comparable in neighborhoods with dispersed or 

centralized recreational amenities when the neighborhood layout was already less 

intelligible. 

  

When the residents rated their neighborhoods’ physical environment in terms of several 

aspects that related to pedestrian milieu of the neighborhood, similar scores were given to 

both of the neighborhoods.  Even though scores for some aspects fluctuated between the 

two groups, overall differences were not significant. No significant distinction could be seen 

in the social environment of these neighborhoods as evaluated by their residents. Both 

neighborhoods had comparable attraction-to-neighborhood and neighboring. This indicated 

that the location patterns of the amenities or their relative qualities did not significantly 

change social environment of the neighborhoods when the layouts already had low 

intelligibility.  

 

However, satisfaction levels showed differences between the two neighborhoods. Both the 

overall satisfaction levels and the average satisfaction from different amenity categories 

were higher in the neighborhood with dispersed amenity pattern. The residents living in the 

neighborhood with the dispersed amenity pattern were more satisfied with most of the 

amenity categories compared to the residents living in the neighborhood with the 

centralized amenity core.  The perception of having an amenity nearby their homes may be 

a factor that increased the satisfaction levels of the residents living in the neighborhood 

with the dispersed amenity pattern. 

 

8.5. RESULTS 

The literature has suggested that the neighborhood level environment has effects on 

physical activity behavior, especially walking. Amenities featured within neighborhoods, 

which offer residents resources to use and destinations to walk to, have been important 

contributors to physical activity patterns. The present study has confirmed these results 
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from the earlier literature. Utilitarian amenities, by creating destinations, have been found 

to increase walking levels within the neighborhood especially to get from place to place 

when the neighborhood layout was already intelligible, thus easing pedestrian navigation.  

 

This study identified site layouts of the neighborhoods in terms of their syntactical 

properties. In identifying differences of residential neighborhood designs, rather than using 

broad, and mostly intuitive, labels (such as suburban or neo-traditional), intelligibility values 

were utilized to differentiate different site layouts. The results of the study have shown that 

intelligibility values had strong correlations with residents’ physical activity levels and social 

interaction. When the patterns across all four neighborhood cases were examined, 

intelligibility scores had similar patterns across PUDs with physical activity including overall 

intensity of neighborhood outdoors use, walking levels and especially walking to get from 

place to place; social interaction, in terms of attraction-to-neighborhood and neighboring; 

and the neighborhood physical environment in terms of different pedestrian aspects as 

evaluated by the residents (Figure 8-1). Intelligibility of the neighborhood layout offered 

residents better information about the street system, and therefore facilitated overall 

physical activity levels especially with increased street activities and walking.  Also, 

intelligible layouts, through increased route-based activities, such as walking, facilitated 

higher chances of coincidental encounters among residents, increased social interaction 

levels and contributed to neighborhood social environment. Residents living in intelligible 

neighborhoods with more connected layouts perceived their neighborhood overall as more 

pedestrian friendly and rated the availability of alternate routes higher compared to 

residents living in less intelligible and less connected neighborhoods. 

 

Even when the individual level variables were considered, where the individual lived was 

more significant in explaining his/her physical activity levels than the individual’s personal 

profile. Overall, physical activity levels correlated with the intelligibilities of the 

neighborhood layouts. This difference has been more significant as the difference in 

intelligibility values of the neighborhoods increased. The chances that an individual would 

meet the recommended physical activity levels were significantly higher in intelligible 

neighborhoods compared to less intelligible ones.  

 

The location of amenities in the integrated cores of the neighborhood layouts was also 

important for overall use levels. Especially, amenities located in integrated areas of the 

neighborhood system received higher use levels when the street system was already 

intelligible to facilitate walking to these areas. Amenities located in central areas, that had 

universal accessibility from other sections of the neighborhood, facilitated walking to these 



 250

areas and, thus, increased use levels in and around these amenities. Inclusion of micro-

scale design features that would accommodate the behavior program in the amenity was 

supportive in use levels. 

 

 

Figure 8-1 All PUDs: Patterns across PUDs 

 
The results of this study suggest that residential neighborhood site design has strong 

influences on physical activity and the social interaction of individuals. Traditionally, 

importance had been given to neighborhood amenities to improve design qualities of the 

residential neighborhood environments. However, in addition to amenities, site layout in 

terms of configuration of the neighborhood itself is also important in defining daily activity 

patterns of residents. Designers in this sense can facilitate residents’ engagement in 

different activities in their neighborhoods through provisions in the site design. Therefore, 

community design can be used as an intervention to overcome the issues of sedentary 

lifestyles and improve the health of generations to come.  
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8.6. LIMITATIONS OF THE STUDY 

This research has six major limitations to be noted related to the conceptual framework, 

methodology, and case selection.  

  

The first and the most significant limitation of this study is related to the “self-selection” 

issue, which recently has become a concern expressed within the physical activity research 

literature. The idea behind potential “self-selection” is that people choose where they live, 

and thus, it is possible that people who prefer to walk choose to live in walkable 

neighborhoods. This idea questions the effects of the built environment on physical activity 

suggesting that it may be self-selection of respondents that creates physical activity 

differences between neighborhoods. This idea suggests that correlations between the built 

environment and physical activity cannot be concluded as cause-effect relationships, but 

just associations, because possible self-selection may explain the observed correlations 

(Handy, Cao, and Mokhtarian, 2006).  Few studies to date have addressed the self-selection 

issue. Handy and Clifton’s (2001) and Bagley and Mokhtarian’s (2002) studies addressed 

the issue by investigating neighborhood characteristics, walking, and preferences. Their 

findings suggested that individuals with certain preferences choose to live in neighborhoods 

with certain attributes. On contrary, Khattak and Rodriguez (2005), and Cao et al. (2006) 

found that the built environment influenced walking trips after controlling for self-selection 

and preferences. More recently, when this dissertation research was already near to be 

finalized; Handy, Cao, and Mokhtarian’s (2006) research on the self-selection issue 

examined within a very extensive research design was published. A combination of both 

longitudinal and cross-sectional data was used to question potential self-selection in relation 

to walking and neighborhood built environment. Their findings were suggestive of self-

selection where neighborhood preferences were effective in where people lived. However, 

the influences of the neighborhood environment were also significant, even after self-

selection variables were accounted for, suggesting a “cause-effect” relationship between the 

built environment and walking behavior (Handy, Cao, and Mokhtarian, 2006). Therefore, 

even though self-selection effects are still present, the built environment also has causal 

effects on physical activity. The present dissertation research, however, relied on cross-

sectional data and did not include individual preferences and attitudes in the conceptual 

framework that may uncover self-selection. Therefore its findings cannot imply any cause-

effect relationship. Even though several individual-level variables were also included in the 

analysis, potential self-selection is still a valid concern.  

 

The second limitation of the research is the location of the cases. The location of the four 

research PUD cases was chosen in the same region of the same state. Therefore, 
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generalizing the results to other cases, regions, or countries require careful consideration of 

local factors that may be influential. However, thick descriptions of the four PUD cases that 

were given in previous chapters may be helpful for such comparisons. 

 

The third limitation of the study is related to the demographics of respondents. The 

participants of this research were mostly white Americans, with middle-upper economic 

status, high education levels. Economically disadvantaged populations, individuals with 

other ethnic/racial backgrounds, individuals with unconventional family compositions, and 

individuals with lower levels of education are underrepresented in the study due to case 

selection. Therefore, similar results may not be detected in other population groups.  

 

The fourth limitation is related to the context of the study. This study used suburban 

planned unit developments as cases, and the results cannot be inferred for one-to-one for 

urban or rural planned unit developments where other contextual factors may be important.  

 

The fifth limitation of the study is related to many pair-wise comparisons used in the 

statistical analysis of the community survey data. Making several pair-wise comparisons 

increase the likelihood that at least one of them will be wrong.  However, through matching 

patterns in cases and seeking replications across cases, associations between variables have 

been confirmed.  

 

The sixth and the last major limitation is related to community survey responses. 

Community survey data was self reported and thus open to response errors related to 

misrecall due to telescoping effects and misreport due to social desirability issues. However, 

triangulating the self-reported community survey data with objectively measured behavior 

mapping data and confirming findings across methods decrease such concerns. 
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CHAPTER 9 

 

 

 

9. CONCLUSIONS  
This dissertation research investigated four different suburban residential development 

patterns and endeavored to understand possible influences of neighborhood site design on 

physical activity and social interaction. Utilizing different types of data collection, including 

both objective and subjective methods, how the neighborhood spaces were associated with 

individuals’ physical and social activity patterns were studied. After a discussion of major 

research findings in the previous chapter, this chapter will focus on implications of the 

research. 

 

There are two major audiences this chapter is intended to refer to: first, urban design 

practitioners and urban development policy makers, and second, researchers studying 

physical activity, neighborhoods, or other design issues at the urban scale.  

 

9.1. IMPLICATIONS FOR FUTURE PRACTICE AND POLICY 

One of the main starting points of this dissertation research was to inform future urban 

design practice and policy. For this reason, the independent variables that designers and 

policy makers have direct control of were purposefully selected and studied. Neighborhood 

layout and amenities are two common aspects of every neighborhood site design.  With the 

same line of thought, cases that would represent prevalent development patterns were 

selected and studied. Both neo-traditional and conventional suburban cases with their 
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variations were selected as cases and studied to empirically understand influences of 

different development patterns on neighborhood social life. 

 

Traditional importance given to neighborhood amenities is worthwhile; designers and policy 

makers should give similar attention to their designs and development plans.  Amenities are 

valuable resources for residents use. Recreational amenities such as parks, playgrounds, 

trails, greenways, community centers, sports areas, open spaces, and green areas should 

be included in site designs. These places create within-neighborhood opportunities for 

leisure-time in all age groups. Utilitarian amenities, however, are often neglected in 

neighborhoods developed in the last two decades and single land-use patches are 

governing the American landscape. The findings of this study showed that utilitarian 

amenities have major impacts in increasing walking to get from place to place, and thus 

contribute to increases in overall activity levels. Therefore, utilitarian amenities should also 

be included in residential neighborhoods. Inclusion of food stores and schools is especially 

important, since these places could be used on a regular basis to run daily errands and trips 

to these places may easily become a part of a daily routine. Small cafes/restaurants and 

shops, such as dry cleaning shops, are also among other utilitarian amenities that designers 

should consider incorporating into their neighborhood designs. 

 

Simply having amenities within the neighborhood is not enough to expect people to use 

them. What is important at this point is the layout and the location of amenities. The results 

of this study indicate that the layout itself is an important variable in use and interaction 

levels. When neighborhoods are thought of as a system made up of axial pieces, with each 

piece being defined by disruption in visibility, and all combined to make the larger whole, 

the relational properties of one piece to the other affect the features of the whole layout. 

The syntactical measure of intelligibility is determined by the relations between these 

pieces. It is, in broad terms, how well the system informs legibility to the user.  The findings 

of this research study found that this syntactical measure has strong correlations with the 

human use of space and social interaction. Higher intelligibility is found in this research to 

be associated with higher levels of social interaction, perception of a better pedestrian 

environment, and with higher levels of walking and overall activity levels.  Therefore, it 

should be designers and policymakers’ responsibility to increase intelligibility of 

neighborhood layouts in decision-making processes. From this, the main question is how 

designers and policymakers can increase intelligibility of neighborhood designs.  

 

There is no singular answer to this dilemma. The relations between global and local 

properties of a neighborhood layout determine intelligibility. Thus, the main idea should be 
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designing street segments of high connectivity for simultaneous higher integration within 

the system. The findings of this research suggested that neighborhood layouts having a 

central integration core with increased connections to its neighboring sections; with “ring” 

formations that carry movement to these inner parts of the layout structure and extending 

with decreased complexity towards the peripheries have higher intelligibility values. 

Generally peripheralized integration cores and disrupted connectivity within the system fail 

to create an intelligible structure. In this type of system, the inner structure is broken; the 

movement is not carried to the central sections; but rather it collects around the periphery 

and leaves the system. Therefore, because the continuity of connectivity of the urban 

system is disrupted, other than in the peripheries, no activity is observed in the structure. 

 

These findings suggest that two points are important in designing neighborhood layouts 

that support activity and movement: presence and location of rings, and local connections 

among street segments. If rings are formed in the inner structure, but not in the periphery, 

it is more likely to achieve an urban structure supportive of higher levels pedestrian activity. 

Local connections among street segments are also essential in order to have accessible 

street channels to/from sections where rings are formed.  Spine shaped formations where 

an organic shaped axis connects to series of smaller axes, generally do not form rings and 

therefore the circulation stays on the main line and leaves the system with no dispersal to 

the other sections of the system. The findings of this research suggested that this type is 

associated with less route-based (movement) activities such as walking, and thus, results in 

low outdoor use, low coincidental encounters among residents, and thus decreased social 

interaction and physical activity.   

 

Amenities located in the areas where rings form receive higher levels of use since the 

movement is already carried there. If designers cannot provide rings in the layout, dispersal 

of amenities, by shortening average distance from a residential unit to an amenity, is more 

desirable than creating a large centralized amenity core in a disconnected and less 

intelligible layout.  

 

Micro-level design features have also a vital role in determining behavior and, thus, use 

levels especially for leisure-time amenities. Presence of shade elements (gazebo), 

vegetation/natural elements (trees, flowers, and plants), and seating (benches, picnic 

tables) in parks, playgrounds, and open spaces facilitate use and support outdoor activities 

within the neighborhood. The results of this study indicate that an amenity that is accessible 

and connected may not be used due to low quality micro-scale design elements such as 

absence of seating, absence of shade, absence of trees. Therefore, designers should also 
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pay attention to improving the micro-scale design of parks, playgrounds, and open spaces 

by including similar behavior-supporting design elements (such as benches, trees, and 

shade structures). 

 

The Congress of New Urbanism claims increased levels of pedestrian activity and sense of 

community through a “combination of design elements” including clearly defined edges, a 

clearly defined center, transit connections, an interconnected street network, diversity of 

activities and housing options, and convenient civic/open spaces (Lund, 2003). Two of the 

cases used in this research were neo-traditional neighborhood developments that featured 

some combination of these design elements. Since the main aim of this research was not to 

test for the New Urbanist claims, comprehensive analysis of these design features were not 

performed. However, still, the results of this dissertation research have implications about 

neo-traditional development patterns, particularly related to their amenity content and site 

layout patterns. The findings of this research showed that site design features of neo-

traditional neighborhoods support higher levels of outdoor physical activity and social 

interaction compared to conventional-suburban development patterns, especially due to the 

presence of utilitarian amenities within neighborhood boundaries, and higher intelligibility of 

the street network. Therefore, in order to create neighborhoods supportive of physical 

activity and social interaction, designers and policy-makers should implement neighborhood 

site designs featuring similar qualities.  

 

When considering “healthy” environments policymakers and designers to-date have mostly 

dealt with technical aspects of the environment. The findings of this research agree with 

other social ecological approaches that state that the design, layout and content of the built 

environment can be a mechanism to facilitate human health and well-being; and designers, 

policymakers can play a role in this process. Through user-participation in design processes, 

and by following evidence-based policy and practice approaches, neighborhood designs that 

are supportive of physical activity and social interaction can be created and maintained.  For 

example, syntactical analysis may be used to understand relational design features of a 

community project and may help estimate its behavioral outcomes. Thus, policy-makers 

may use similar analysis techniques in urban development decision-making processes.  Use 

of such analytical techniques is helpful; however, they should be supported by participatory 

community charrettes where user input is ensured.  

 

9.2. IMPLICATIONS FOR FUTURE RESEARCH 

The physical activity and the built environment research literature has to-date focused on 

neighborhood level physical activity with a special focus on meso-scale variables, and has 
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mostly utilized content-based descriptors or neighborhood types in identifying physical 

differences of neighborhoods. This research contributes to the literature on physical activity 

and the neighborhood environment with a special focus on objective analysis and 

systematic articulation of meso- and micro-level variables. The findings of this research, 

which suggest that intelligibility is associated with physical activity levels, social interaction 

levels, perceptions of the physical environment, overall walking and overall activity levels, 

confirms that other than content-based descriptors, relational (configurational) properties of 

the neighborhood space may be an important factor in variations in activity and interaction 

levels across neighborhoods. This effect of micro-level features to meso-level features had 

not been studied before.  

 

The use of different methodologies, mostly borrowed from urban design research, is 

feasible in physical activity research and provides useful tools to document neighborhood 

space and activity patterns of different user groups. Behavior mapping, which is the 

systematic and objective observation of activity, can provide useful data where physical 

activity can be linked to spatial attributes. Especially, coding behavior mapping in GIS has 

powerful analysis and representation capabilities.  

 

This research combined objectively measured environmental features using Space Syntax, 

with objectively measured physical activity using behavior mapping, and subjectively 

measured physical activity and social interaction using community survey. For future 

research, similar objective methods may be combined with subjective ones and replicated in 

other contexts. For example, of possible interest may be the study of population groups 

with lower income levels, typically more affected by obesity, who are more vulnerable to 

physical inactivity and, thus, to environmental influences that hinder physical activity. 

Similar studies, investigating neighborhood site design, physical activity, and social 

interaction should be also undertaken with these population groups. Physical inactivity is not 

the problem only of the US, but is also of international concern. Similar studies should be 

done that will help understand cultural differences in the influences of neighborhood design 

on physical and social activities. Urban planned unit developments, even though they are 

not as widespread as suburban planned unit developments, may also be studied to provide 

insights on urban revitalization projects.   

 

Other than intelligibility as investigated in this research, integration may be studied in 

relation to physical activity and social interaction in neighborhood contexts. Further research 

may investigate how integration values of the streets respondents’ residences are located 

on associate with their physical activity, the social interaction levels, and the neighborhood 
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micro-scale attributes. Further, neighborhoods can be considered as a combination of 

different clusters and relations between local and global syntactic measures and their 

associations with physical activity and social interaction may be studied.  

 

Overall, this research suggested the influences of neighborhood site design on physical 

activity and social interaction in residential planned unit developments. Syntactical variables, 

especially intelligibility was found to be strongly associated with physical and social activity 

levels. Therefore, neighborhood site design, amenities and layout, can be used as a 

mechanism to facilitate physical activity, increase coincidental social interaction, and thus 

contribute to the creation of healthy communities.   
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