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ABSTRACT 
 

 

In drylands, it is essential to maximize the coupling of social and ecological systems in 

order to achieve sustainability, particularly in human dominated landscapes such as 

cities. The enhanced use of greenspace in cities in drylands provides unique 

opportunities to maximize the coupling of social and ecological systems. It maintains the 

functioning of ecological systems while involving civil society in the conservation of 

biodiversity and improving human wellbeing in urban settings.  

The provision and access to greenspace in cities is determined by neighborhood design. 

The access for the human use of greenspace can be enhanced through walkability, or the 

characteristics of the built environment that influence physical activity. Walkable 

neighborhoods that provide access to greenspace can be catalysts for activity and health 

and have the potential to increase the level of conservation support in urban residents.  

The purpose of this research is to look for wellbeing and conservation synergies between 

walkable neighborhoods and the enhanced use of greenspace. To accomplish this 

research, first we assess walkability in the built environment through an interdisciplinary 

literature review that integrates the findings on walkability from several research 

domains. We create a conceptual framework that organizes the neighborhood design 

elements that influence physical activity into nine walkability categories: connectivity, 

land-use, density, traffic safety, surveillance, parking, experience, greenspace, and 

community. We call this the Walkability Framework. This analysis allows us to identify 
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gaps and strengths of walkability in the Leadership for Energy and Environmental 

Design for Neighborhood Development (LEED-ND) certification system. After a 

quantitative and qualitative analysis, we propose an enhanced version for walkability 

that we call LEED-NDW+ (walkability plus).  

The next step is to test if the Walkability Framework can be used as a model to measure 

the interactions between the built environment and physical activity. We accomplish this 

through the use of a questionnaire (N=486) that captures the perceptions, attitudes and 

behaviors of residents in Tucson, Arizona. Significant correlations between all the 

walkability categories and physical activity support the use of the framework as a model. 

We call this the Walkability Model.  

The final stage of this research uses the Walkability Model to evaluate walkability in 

four neighborhood design types in Tucson that include traditional development, 

suburban development, enclosed community, and cluster housing. We then look for 

wellbeing and conservation synergies between walkable neighborhoods and the 

enhanced use of greenspace.  

Results from this study suggest that neighborhoods with a high level of walkability have 

the potential to enhance the use of greenspace, which in turn provide important 

wellbeing and conservation synergies that can contribute to healthier communities and 

increase the support for conservation of biodiversity within and beyond cities. The 

enhanced use of greenspace maximizes the coupling of social and ecological systems in 

cities in drylands, which increases resilience in the face of climate change. 
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CHAPTER 1: INTRODUCTION 

1. Explanation of the Problem and its Context 
 
 

…neighborhood parks themselves are directly and drastically affected by the way the 

neighborhood acts upon them. (p. 95) 

Jane Jacobs 

“The Death and Life of Great American Cities” (1961) 

 

This few words written by the famous urbanist Jane Jacobs communicate the essence of 

what this research is about… how a design of a neighborhood can affect the use of parks 

– that in this research we refer to as greenspace. 

We define greenspace as public outdoor space, dominated by vegetation that allows 

physical activity and social interaction in cities. Some examples include parks, 

greenways, and sports fields. Other terms used for greenspace found in the literature 

include parks, green space, open space, recreational space, natural space, and natural 

environment. (Hartig et al. 2014). The optimal use of greenspace is important 

everywhere, but even more so in drylands.  

Drylands comprise 41% of the land area in the world (Reynolds et al. 2007), and there 

are several types of drylands that include hyperarid, arid, semi-arid, and subhumid 

(Safriel and Adeel 2005). All drylands are characterized by limited resources, mainly 



	   16	  

water scarcity (Reynolds et al. 2007). Scientists who study drylands point to the need to 

consider this as coupled social and ecological systems (Liu et al. 2007).  

A framework developed by Ostrom (2009) to analyze the social and ecological system 

identifies four core subsystems, which include two ecological (resource units and 

resource systems) and two social (governance systems and users). In this framework, all 

the subsystems interact and produce outcomes, and these outcomes influence the 

subsystems in return, which means that they are “coupled”. It is essential to maximize 

the coupling of social and ecological systems in drylands (Ostrom 2009), particularly in 

human dominated landscapes like cities (Ernstson et al. 2010). 

Cities around the world have been rapidly expanding (Grimm et al. 2008). For the first 

time in history most people in the world now live in cities and this trend is projected to 

continue in the future (Grimm et al. 2008). This trend is even more pronounced in 

drylands – the drier the land the larger the fraction of population living in urban 

environments (Safriel and Adeel 2005). 

The problem is that the growth of cities in drylands adds pressure to the ecological 

systems because there are limited resources (Grimm et al. 2008). The expansion of cities 

in drylands demand food and materials and generate pollution and waste, all of which 

alters the biogeochemical cycles with regional and global effects (Grimm et al. 2008). In 

addition, climate change is adding more pressure to the system, with projections for 

drylands including more prolonged droughts and more frequent severe storm events 

(Maliva and Missimer 2012). 
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But not everything is bad news. Cities provide opportunities for sustainability because 

cities encompass both the problems and the solutions to the challenges we face today 

with increasing urbanized societies (Ernstson et al. 2010). And one of the solutions is 

greenspace. 

Greenspace maintains the functioning of the ecosystems and it provides critical 

ecosystems services in cities. Greenspace allows the recharge of aquifers and reduces 

flooding risk and runoff (Ernstson et al. 2010). Greenspace also reduces the urban heat 

island effect and improves air quality (Ernstson et al. 2010). In addition, greenspace 

provides habitat for species, and if connected, allows landscape connectivity that is 

essential for the conservation of biodiversity at the regional scale (Andersson and Bodin 

2008). But we have to keep in mind that in drylands, greenspace and all the other 

resources are part of a coupled social and ecological system (Ostrom 2009). 

When we consider Ostrom’s framework for analyzing social and ecological systems, we 

can see that the users of a resource, in this case the users of greenspace, is an essential 

component of the coupling (Ostrom 2009). The ‘users of a resource’ is one of the four 

core subsystems identified in the framework. And this is the focus of this research - the 

users of greenspace in cities in drylands. 

In some cases, the larger the number of users the higher the likelihood of self-

organization that can result in sustainability (Ostrom 2009). The use of greenspace 

provides and an important opportunity for collaborative ecosystem management 

(Ernstson et al. 2010). The use of greenspace also improves wellbeing in urban residents 
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because it provides recreational opportunities that improve physical health (Herrick 

2009); it reduces noise, stress, and overcrowding feelings that improve mental health 

(Chu et al. 2004); and the use of greenspace provides opportunities for social 

interactions that improves social health (Francis et al. 2012). The use of greenspace also 

has the capacity to involve civil society in the conservation of biodiversity because it 

provides contact with nature to urban populations (Bryant 2006; Tercek and Adams 

2013). Thus, the enhanced use of greenspace has the potential to maximize the coupling 

of social and ecological systems in cities in drylands and increase resilience in the face 

of climate change. 

What role does neighborhood design play in the use of greenspace? Neighborhood 

design influences the provision and the access for human use through walkability – 

defined as “the extent to which characteristics of the built environment and land use may 

or may not be conducive to… walking (Leslie et al. 2006:1). Thus, walkable 

neighborhoods that provide access to greenspace have the potential to improve human 

wellbeing and increase the support that people show towards the conservation of 

biodiversity. The purpose of this research is to explore wellbeing and conservation 

synergies between walkable neighborhoods and the enhanced use of greenspace. 

2. Study Area 

This study was undertaken in Tucson, Arizona (USA), and dry region that is growing 

rapidly (Comrie 2000). Tucson has wide availability of greenspace (City of Tucson and 

Parks and Recreation 2015). It is partially bounded by national parks (Tucson Mountain 
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Park, Sahuaro National Park Tucson Mountain District, Sahuaro National Park Rincon 

Mountain District, Tortolita Mountain Park, Coronado National Forest); it comprises a 

system of washes that in some sections of the city have been developed into greenways 

(with a walking and biking path along the sides of the wash) (City of Tucson and Parks 

and Recreation 2015); and it has multiple parks distributed throughout the city and 

metro area (“City of Tucson - Park Locator” 2015). In spite of all this available 

greenspace, 54% of Tucsonans have access to a greenspace, that is, they live within a ten 

minute walk of a greenspace (The Trust for Public Land 2013). All of these factors 

provided the ideal setting for this study on the use of greenspace in cities in drylands. 

3. Explanation of Dissertation Format 
 

In this dissertation, we search for wellbeing and conservation synergies between 

walkable neighborhoods and the enhanced use of greenspace. These synergies are 

examined throughout five appendices (A, B, C, D, and E) that are logically connected 

and integrated into this dissertation. The sequence of the appendices corresponds to the 

steps taken in this research, so the order is important. 

4. Relationship of the Appended Manuscripts 

This dissertation is divided into five sections that developed into the five appendices (A, 

B, C, D, and E). The first appendix (Appendix A) is titled “Designing Healthy 

Communities: A Conceptual Framework for Walkability and Wellbeing” and it consists 

of a robust literature review that was necessary to identify and integrate findings from 
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multiple research domains on neighborhood design elements that influence physical 

activity. The research domains considered in this study are physical activity, land 

planning, urban design, transportation, thermal comfort, and public health and the built 

environment. We also included the LEED-ND design guidelines, created by the U.S. 

Green Building Council to certify sustainable development. This interdisciplinary 

approach was necessary to understand the concept of walkability through the lens of 

several disciplines, which provided useful insights and identified critical gaps among 

research domains. The resulting “Walkability Framework” organizes the state-of-the-art 

research into nine interrelated and interdependent neighborhood design categories: (1) 

connectivity, (2) land-use, (3) density, (4) traffic safety, (5) surveillance, (6) experience, 

(7) parking, (8) greenspace, and (9) community. This framework provides an instrument 

that can be used to both assess walkability in the built environment and ensure it is more 

comprehensively captured in neighborhood design decision-making. The use of this 

framework has the potential to increase walkability in neighborhoods and promote 

healthier lifestyles and ultimately healthier communities.  

This literature review revealed important gaps and strengths of walkability in LEED-

ND. There are many neighborhood design elements that are not considered in this 

certification system. Because LEED-ND has been adopted by many U.S. municipalities 

as guidelines for sustainable development (Lewin 2012), it is critical that these 

guidelines reflect the current state of knowledge of walkability. 
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The second section (Appendix B) is titled “Applying a Conceptual Framework to 

Enhance Walkability in LEED-ND” and it consists of a walkability analysis of LEED-

ND using the Walkability Framework (from Appendix A). LEED-ND is a helpful tool 

for architects, urban designers and land planners who seek a more environmentally 

friendly and healthier approach to urban design because it provides the metrics to use in 

the design of a neighborhood, effectively translating theory into practice. We did a 

quantitative and qualitative analysis to identify gaps and strengths of walkability in 

LEED-ND. We then propose an enhanced version of LEED-ND that reflects the core 

aspects of the framework. We call this enhanced version LEEN-NDW+ (walkability 

plus). This study incorporates the current state of knowledge of walkability into LEED-

ND to effectively influence how design can lead to more active and healthier 

communities. 

In the third section (Appendix C) titled “The Built Environment and Physical Activity: 

Testing the Walkability Model”, we test whether our previously developed Walkability 

Framework (from Appendix A) can be used as a model to measure the interactions 

between the built environment and physical activity. This is accomplished by exploring 

correlations between the nine walkability categories included in the Walkability 

Framework (connectivity, density, land-use, traffic safety, surveillance, parking, 

experience, greenspace, and community), physical activity, and wellbeing. Results of 

this study support the use of the Walkability Framework as a model to measure the built 

environment in relation to physical activity and wellbeing, and we call this the 

Walkability Model. Having a model that measures walkability in the built environment 
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allows us to evaluate walkability levels of different neighborhood design types and the 

use of greenspace. This is explored in the last two sections of this dissertation (Appendix 

D and E). 

In the fourth section of this dissertation (Appendix D) titled “Neighborhood Design, 

Physical Activity, and Wellbeing: Applying the Walkability Model”, we evaluate the 

walkability level of four neighborhood design types: traditional development, suburban 

development, enclosed community, and cluster housing. This study uses the previously 

tested Walkability Model (from Appendix C) in the analysis of neighborhood design and 

its effects on physical activity and wellbeing. Results of this study shed light on our 

understanding of the effects of neighborhood design on human health, which can help in 

the design of healthier communities. 

In the fifth and final section of this dissertation (Appendix E) titled “The Influence of 

the Built Environment on the Use of Greenspace: Synergies with Wellbeing and 

Conservation Support”, we look for wellbeing and conservation synergies between 

walkable neighborhoods and the enhanced use of greenspace. This study builds on the 

previous sections because it applies the Walkability Model (from Appendix C) to look 

for correlations between walkable neighborhoods and the frequency of use of 

greenspace.  

3.1 Contribution of the Author 

The conceptual design, research design, and interpretation of the five manuscripts were a 

contribution by the author, with the guidance of the committee. The author collaborated 
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with the co-authors of the five manuscripts on the scientific writing as well as the 

implications of results on bigger questions for arid lands. The author collaborated with 

co-authors of the five manuscripts on the design of instruments for data collection, 

Institutional Review Board (IRB) certification of research on human subject, statistical 

analysis, and interpretation of results, as well as the limitations of the study.  
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CHAPTER 2: PRESENT STUDY 

1. Summary 

The purpose of this research was to examine potential wellbeing and conservation 

synergies between walkable neighborhoods and the enhanced use of greenspace in cities 

in drylands. This is important because these synergies can help maintain the functioning 

of stressed ecosystems such as the human-dominated urban environments. The enhanced 

use of greenspace by urban dwellers has the capacity to preserve greenspace and the 

ecosystem services that it provides while improving human health. The use of 

greenspace also can provide contact with nature, which has been linked to an enhanced 

support for conservation of biodiversity beyond cities. Because most of the population in 

the world now live in cities and this trend is projected to increase (UN DESA 2014), the 

future of conservation may depend on whether people in cities visit greenspace (Tercek 

and Adams 2013). 

Neighborhood design determines the provision and access to greenspace. Furthermore, 

walkable neighborhoods that provide access to greenspace may be catalysts for activity 

and wellbeing (Herrick 2009). In order to examine the influence of neighborhood design 

on the use of greenspace and explore potential synergies with wellbeing and 

conservation support, we had to assess walkability in the built environment. To 

accomplish the walkability assessment, we did a comprehensive literature review that 

integrates the findings from several research domains on neighborhood design elements 

that influence physical activity. The walkability assessment included the LEED-ND 
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design guidelines. As a result of this literature review, we developed a conceptual 

framework that organizes the neighborhood design elements into nine categories: 

connectivity, land-use, density, traffic safety, surveillance, parking, experience, 

greenspace, and community. We called this the Walkability Framework. 

Because LEED-ND is one of the sources of the Walkability Framework, we were able to 

identify gaps and strengths of walkability in LEED-ND. We did a qualitative and 

quantitative analysis of walkability in LEED-ND using the Walkability Framework. 

Once we identified the weaknesses, we proposed an enhanced version of LEED-ND that 

reflects the current state of knowledge of walkability keeping the same format and score 

system of the LEED certification. We called this enhanced version LEED-NDW+ 

(walkability plus). 

We then tested this conceptual framework to examine if it could be used as a model to 

measure walkability in the built environment that we called the Walkability Model. 

Once we tested the model and obtained successful results, we evaluated walkability in 

four neighborhood designs: traditional development, suburban development, enclosed 

community, and cluster housing applying the Walkability Model. Finally we examined 

the interactions between walkability and the frequency of use of greenspace, wellbeing, 

and conservation support. This study sheds light on neighborhood design and ways in 

which it can increase the use of greenspace in order to increase wellbeing and 

conservation support in urban residents of drylands. 

2. Methods 



	   26	  

Methods in this study included a comprehensive literature review that integrates the 

findings of several research domains on neighborhood design elements that influence 

physical activity. The way we integrated the findings was through the use of tables for 

each walkability category (connectivity, land-use, density, traffic safety, surveillance, 

parking, experience, greenspace, and community).  

The walkability analysis of LEED-ND used the tables created on the literature review 

that composes the Walkability Framework. The listed neighborhood design elements on 

the tables were identified in the LEED-ND checklist. We added a column to the tables 

and located the related prerequisites and credits in LEED-ND that address each 

neighborhood design element. This process allowed us to identify gaps and strengths in 

LEED-ND. We normalized all of the categories and calculated the percent of 

neighborhood design elements addressed in LEED-ND for each category. This analysis 

allowed us to identify gaps and strengths in LEED-ND according to the Walkability 

Framework. This quantitative analysis was complemented by a qualitative analysis 

where the walkability categories (connectivity, land-use, density, traffic safety, 

surveillance, parking, experience, greenspace, and community) were evaluated in terms 

of prerequisites and number of credits in LEED-ND. We determined three levels of 

correspondence between the Walkability Framework and LEED-ND (strong, moderate, 

and weak). Finally we adjusted the LEED-ND so that it could integrate the core aspects 

of the Walkability Framework, and we called it LEED-NDW+ (walkability plus). 
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In order to measure the relationship between walkability and the other variables 

explored in the remaining three sections of this dissertation, we utilized a questionnaire 

to capture perceptions, attitudes, and behaviors of the sample population in Tucson, 

Arizona (N=486). The questionnaire had seven main sections: walkability, 

neighborhood design, physical activity, the use of greenspace, wellbeing, conservation 

support, and demographics. Most of the sections were based on previously developed 

and validated questionnaires (Craig et al. 2003; Cerin et al. 2006; Saelens et al. 2003; 

Toit et al. 2007; Ware Jr et al. 1996), and the design guidelines included in LEED-ND 

(USGBC 2014). 

There were two format versions of the questionnaire: online and paper-based. The online 

version used the survey and statistics software DatStat Illume v. 5.1(“DatStat | Illume 

and Discovery Software for Research Surveys” 2012). To recruit participants, we used 

trusted channels of communications in the City of Tucson and Pima County, which 

include neighborhood and homeowners associations, which are supported 

administratively by local electoral districts known as wards. The researcher contacted 

ward officials and presidents of neighborhood and homeowners associations in the City 

of Tucson and Pima County prior to the distribution explaining the research project and 

asking for their collaboration in forwarding an invitation email to the residents from 

their districts or neighborhoods. The invitation email contained a link to the online 

questionnaire. Support was given from ward officials and presidents of neighborhood 

associations in the City of Tucson; however, we did not get support from Pima County 

government officials or presidents of homeowners associations in Pima County. The 
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paper-based questionnaire was distributed through visits by the researcher to the Rillito 

River Park on both the north and the south sides. The third recruitment method was 

through mail. We used mail with the intention to reach residents not accessible via 

email, or who live in Pima County, and to increase the number of responses from 

particular neighborhood designs, which was the basis of the study on neighborhood 

design (Appendix D). The number of total responses was 486 (N=486).  

The nature of the categorical data captured in the questionnaire guided the statistical 

analysis towards bivariate correlation and Chi-Square test. Bivariate correlation provides 

the significance of the correlation and direction and magnitude of the relation. Chi-

Square test also provides the significance of the correlation and it is useful on analysis 

that does not involve magnitude or direction of the relationship (e.g., neighborhood 

design). In addition, we used factor analysis in order to identify concealed variables and 

determine a few factors that explain the variability of the data. Factor analysis allows us 

to interpret the components or factors by identifying the highest numbers in each 

component through the analysis of variance (ANOVA). We used Statistical Package for 

the Social Sciences (SPSS)(“IBM SPSS Software” 2015). We obtained approval from 

the Institutional Review Board for the Protection of Human Subjects at the University of 

Arizona on December 12, 2013 (IRB # 13-0855 UAR Number 1300000855). 

3. Results 

The interdisciplinary literature review that integrated the findings from several research 

domains on neighborhood design elements that influence physical activity broadened the 
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walkability assessment that is found in the literature (Appendix A). It bridges the gap 

between several research domains, which can help increase our understanding of 

walkability. The resulting Walkability Framework allowed us to identify important gaps 

and strengths of walkability in LEED-ND and cleared the path for the next study 

described in Appendix B. 

The analysis of walkability in LEED-ND and the development of an enhanced version 

(LEED-NDW+) (Appendix B) is an important study because this certification system is 

a tool that is being used by developers who look for a more environmentally friendly 

approach and is being adopted by many U.S. municipalities as guidelines for sustainable 

development (Lewin 2012). Therefore, it is critical that this tool reflects the current state 

of knowledge on walkability because of its practical implications in transforming the 

landscape. The enhanced version basically increases the number of prerequisites in 

LEED-ND to ensure that the core aspects of all of the walkability categories from the 

Walkability Framework (Appendix A) are not missed in a LEED-ND certified 

neighborhood. Although this enhanced and more stringent version of LEED-ND may 

discourage many developers to pursue LEED certification, it is critical that there is an 

available tool that reflects what is known about walkability and translates it to practical 

design guidelines for professionals.  

 Testing whether the Walkability Framework can be used as a model that measures the 

interactions between the built environment and physical activity (Appendix C) is an 

essential study of this dissertation because it allowed us to do the subsequent analyses on 
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neighborhood design and the use of greenspace (Appendices D and E). In this study we 

used the data collected through a questionnaire (N=486). The demographics of our 

sample population shows that most of the respondents were in their 60s or over, had 

high income ($60,000 or more), and reported high education level (college/university 

degree or beyond).  

The Walkability Model proved useful in identifying the walkability categories correlated 

with the two types of walking that have been identified by behavioral scientists: 

Walking for recreation and walking for transportation (Saelens et al. 2003). Research 

has found correlations between walkable neighborhoods and walking for transportation, 

but not for walking for recreation (Rodríguez et al. 2006). In this study we found 

significant correlations between walkability and the two types of walking (transportation 

and recreation). To our knowledge this is the first study that has found links between 

walkability and walking for recreation, and we think this is because our assessment of 

walkability (through the Walkability Framework) was able to capture more 

neighborhood design elements that influence the two types of walking. This is an 

important consideration for future research and broadens the assessment of walkability 

in the built environment. 

The walkability evaluation of four neighborhood designs provided important insights 

(Appendix D). Traditional development was found to be the most walkable 

neighborhood and was correlated to walking for transportation (as opposed to walking 

for recreation). Traditional development also showed the highest level of perceived 

crime. Suburban development showed the highest value for mental health followed by 
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cluster housing, with significant results. Cluster housing showed the highest value for 

social interactions among neighbors and for perceived safety from crime, both with 

significant correlations. Enclosed community did not show any wellbeing benefit 

including perceived safety from crime. In this study we conclude that traditional 

development provides the highest levels of walkability that result in higher levels of 

walking for transportation, but other designs that include greenspace within the 

neighborhood (e.g., suburban development, and cluster housing) also provide wellbeing 

benefits that include social interactions with neighbors, perceived safety, and mental 

health. Results of this study shed light on the effects of neighborhood design on physical 

activity and wellbeing that can help in the design of healthier communities. 

The last study on walkability and the use of greenspace provided very interesting results 

(Appendix E). In this study we found important wellbeing synergies between walkable 

neighborhoods and the increased frequency of use of greenspace, where walkability was 

significantly correlated to an increased use of greenspace. The frequency of use of 

greenspace was significantly correlated to wellbeing, particularly physical and social 

health. In terms of methods of transportation, we found that walkability definitely plays 

a role on the frequency of use of greenspace and physical health. People who reported to 

walk to greenspace are correlated to an increased use of greenspace and awkward 

reported living in a high-walkable neighborhood. On the other hand, people who 

reported driving to greenspace were related to a lower frequency of use and reported 

living in low-walkable neighborhoods. In addition, people who reported walking to 

greenspace were correlated to better physical health. These results link walkable 
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neighborhoods to the enhanced use of greenspace and identifies wellbeing synergies 

with physical health. People who walk to greenspace are doing exercise to reach 

greenspace, where they will likely do more exercise. Because people who walk to 

greenspace are likely to visit greenspace more frequently, not only are they doing more 

exercise, they are doing it more frequently, and this is a catalyst for health. This synergy 

was identified when walking to greenspace was significantly and moderately correlated 

to better physical health. 

In addition, we found important synergies between the increased use of greenspace and 

conservation support, highlighting the proximity and access to greenspace as a 

determinant of its use. People who visit greenspace frequently are likely to support 

conservation of biodiversity; and people who live close to greenspace are also likely to 

support conservation of biodiversity. 

4. Conclusions 

A limitation of this study is that although our sample population may represent the users 

of greenspace (wealthy educated people in their 60s or over), other segments of the 

population were not captured. It is important to study all segments of the population in 

their use of greenspace with relation to neighborhood design. 

Important caveats in this study include that we did not consider the parking category of 

the Walkability Framework because Tucson has ample availability of parking, so it was 

not useful to measure it. Furthermore, this research did not examine social conflict. 
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Finally, this research provides correlation between variables but it does not identify 

causation. 

We conclude that neighborhoods with a high level of walkability enhance the use of 

greenspace and provide important wellbeing and conservation synergies that can 

contribute to healthier communities and the protection of biodiversity beyond cities. We 

found that walkable neighborhoods that provide access to greenspace increase physical 

activity and improve wellbeing. This result has important implications in public health 

because urbanization has caused sedentary societies and physical inactivity is the fourth 

leading cause of death worldwide (Adams et al. 2013). So the design of walkable 

neighborhoods becomes a public health goal.  

We also found that walkable neighborhoods that provide access to greenspace increase 

conservation support. This finding has important implications for the conservation of 

biodiversity. Because most of the people in the world now live in cities, the future of 

conservation relies on whether people in cities have contact with nature and support 

conservation of biodiversity (Bryant 2006). So walkable neighborhoods with access to 

greenspace also becomes a conservation priority.  

Finally, we found that walkable neighborhoods that provide access to greenspace 

increase the use of greenspace. And from to arid lands resource sciences we know that 

the increased use of a resource, such as greenspace, maximizes the coupling of social 

and ecological systems in cities in drylands (Ostrom 2009) and this maximized coupling 

increases resilience in the face of climate change. 
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5. Broader Impact 

The broader impact of this study affect land planning, public health, transportation, and 

climate change mitigation and adaptation. In terms of land planning, this study shows 

that current patterns of development are not providing equitable opportunities to visit 

greenspace in cities – not everybody lives in walkable neighborhood with access to 

greenspace. Because the use of greenspace has important implications for human health, 

it is critical that cities provide access to greenspace to all the residents. Land planning 

must ensure that walkable neighborhoods and usable greenspace are considered in all of 

the future development projects of cities. In addition, redevelopment projects in existing 

neighborhoods should also be aimed at increasing access to greenspace. For example, 

land planning can direct efforts and resources into greening existing streets, making 

school fields accessible to the public after hours, transforming empty lots into usable 

greenspace for residents, and daylighting streams (restoring concrete channels into 

natural streams) and allowing human use with a walking path (greenways). In addition, 

municipalities should promote zoning regulations that allow mixed use along the borders 

of greenspace and ensure maintenance to greenspace in order to increase safety from 

crime. 

In terms of public health, this study shows that the built environment plays an important 

role in the amount of physical activity that people in cities do. Walkable neighborhoods 

with access to greenspace increase physical activity. Because physical inactivity is the 

fourth leading cause of death in the world (Adams et al. 2013), walkable neighborhoods 
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with access to greenspace must be considered as a public health initiative to improve 

wellbeing in increasingly urbanized societies. 

In terms of transportation, this study sheds light on effective ways to provide alternative 

modes of transportation (walking, biking, and using transit) in cities. Results of this 

study show that walkable neighborhoods increase the likelihood that people walk as a 

mode of transportation; and this can reduce traffic by decreasing the number of cars on 

the streets. Lowering the number of cars that move through the city provides space in the 

streets that can be used much more effectively. Instead of widening streets to 

accommodate more cars, transportation projects can direct efforts and resources to 

include pedestrian and bicycle infrastructure that provides safety from injuries to 

pedestrian and cyclists, as described in Appendix A (Tables 4.1-4.4).  

In terms of climate change adaptation and mitigation, this study shows that walkable 

neighborhoods are correlated to people walking. This increase in people walking instead 

of driving decrease CO2 emissions by decreasing the number of trips by automobile and 

its overall use. Walkable neighborhoods then become a climate change mitigation 

strategy. This study also shows that greenspace is a critical space in cities for human 

wellbeing and conservation support and that the increased use of greenspace is a critical 

factor for the coupling of social and ecological systems in cities in drylands. Greenspace 

maintains the functioning of the ecosystems. It reduces the urban heat island effect 

(Ernstson et al. 2010) and increase thermal comfort in hot and arid cities (Shashua-Bar 

et al. 2011). With climate change projections for drylands that include higher 
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temperatures and more prolonged droughts (Maliva and Missimer 2012), greenspace 

becomes a critical strategy to adapt and increases resilience in the face of climate 

change. 

6. Recommendations for Future Study 

This research is a cross-sectional study that looks for correlations but does not identify 

causation. Recommendation for future study includes intervention studies that can 

attribute causality to the interactions between the built environment and physical 

activity. However, these type of studies are not easy to design or implement at the 

neighborhood scale particularly because of the self-selection process that people go 

through when deciding where to live. People who like to walk may decide to live in a 

walkable neighborhood, whereas people who like to drive may choose to live in a low 

density and car-dependent neighborhood. Designing a research study that randomly 

distributes participants in a range of low-moderate-high walkable neighborhoods 

represents a challenge. 

Although the demographics of our sample population may well represent the users of 

greenspace in Tucson, Arizona, it is important to examine other segments of the 

population and their use of this resource. For this reason, it is recommended that future 

studies on the use of greenspace target low income, low educated, younger populations. 

Future research should also include the parking category in the assessment of 

walkability. In addition, future research should consider social conflict, which may 
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adversely impact wellbeing in urban environments. We found that neighborhood design 

influences social interactions with neighbors, so it is possible that it also influences 

social conflict. 

An important recommendation for future study includes the effects of enclosed 

communities on physical activity and wellbeing. This type of neighborhood has been 

proliferating throughout the world since the 1990s and are thought to provide safety 

from crime through the use of gates and fences (Le Goix and Vesselinov 2013), but this 

configuration restrict the access to the general public, sacrificing the connectivity of the 

city as a whole (USGBC 2014). Because in this study we did not find any wellbeing 

benefit in enclosed communities, including perceived safety, it is critical to examine 

further the effects of this design on walkability, wellbeing and crime.  

Another recommendation for future study on the use of greenspace in drylands include 

the different water use for the irrigation of greenspace. Because water scarcity is an 

essential characteristic of drylands, and climate change projections include more 

prolonged droughts, it is critical to understand the effects of water use in greenspace on 

the human use in order to manage this valuable resource effectively. 

Future studies must also include the connections of greenspace in neighborhoods. It is 

important to study how neighborhood design affects landscape connectivity, which is 

essential for the conservation of biodiversity. With the rapid expansion of cities that 

cause habitat fragmentation, it is critical that cities allow species to move through the 

landscape (Andersson and Bodin 2008). Incorporating landscape connectivity findings 
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on LEED-ND also becomes a priority because this tool is being used by professionals 

who wish to design and build sustainable communities. 
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A1: ABSTRACT 
 

Currently prevailing neighborhood design in cities in the United States and other 

countries has resulted in detrimental effects on health, mainly by creating sedentary 

societies that depend on the use of automobiles. Research has identified that the built 

environment influences the amount of physical activity that people do, which in turn 

affects their health and wellbeing. The degree to which the built environment is 

conducive to the most ubiquitous form of physical activity, people walking, is known as 

walkability - a design quality which in the U.S. has been incorporated into the 

Leadership for Energy and Environmental Design for Neighborhood Development 

(LEED-ND) certification system.  The influence of the built environment on human 

wellbeing has been not only the subject of architecture and urban planning research, but 

is also addressed in the research domains of physical activity, land planning, 

transportation, thermal comfort, and public health and the built environment. Each of 

these perspectives has advanced our understanding of the walkability of the built 

environment, but these currently domain-specific findings have not been fully 

integrated. The objective of this paper is to perform that necessary research review and 

integration by means of a conceptual framework that can be practically used by 

researchers and professionals responsible for how our cities and neighborhoods are 

designed. The resulting “Walkability Framework” organizes the state-of-the-art research 

into nine interrelated and interdependent neighborhood design categories: (1) 

connectivity, (2) land-use, (3) density, (4) traffic safety, (5) surveillance, (6) experience, 

(7) parking, (8) greenspace, and (9) community. This framework provides a tool that can 
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be applied to both assess walkability in the built environment and ensure it is more 

comprehensively captured in neighborhood design decision making. The use of this 

framework has the potential to increase walkability in neighborhoods to promote 

healthier lifestyles and ultimately healthier communities.  

Key Words: walkability, LEED-ND, wellbeing, built environment, neighborhood 

design 
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A2: INTRODUCTION 

The way cities are designed affects the quality of life and the health of its residents 

(Jackson 2011; Frank et al. 2003). Currently prevailing neighborhood design in cities in 

the United States and other countries has resulted in detrimental effects on health, 

mainly by creating sedentary societies that depend on the use of automobiles (Barnett 

2003). Research has shown that the built environment influences the amount of physical 

activity that people do (Greenwald and Boarnet 2001), which in turn has a major impact 

on their health (Jackson 2011; Sallis et al. 2011). The relationship between the built 

environment and its effects on physical activity is referred to as walkability, which has 

been defined by (Leslie et al. 2006) as” the extent to which characteristics of the built 

environment and land use may or may not be conducive to … walking”.   

Architects, urban designers and land planners know that neighborhood design and 

walkability have important implications on human health. In the United States, specific 

guidelines have been developed for planners, architects, and builders, which attempt to 

incorporate what is known about how urban design influences human wellbeing. The 

Leadership for Energy and Environmental Design for Neighborhood Development 

(LEED-ND) is a certification system for sustainable neighborhoods launched in 2009 by 

the U.S. Green Building Council (USGBC) (“LEED-NDv2009 -USGBC” 2013). 

Walkability is an important element of LEED-ND (Lewin 2012).  

In addition to the architecture, urban design and land planning, walkability in the built 

environment has also been the subject of research in a number of other research domains 
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during the last years (Saelens and Handy 2008), which have approached walkability 

from the perspectives of physical activity, transportation, thermal comfort, public health, 

and the built environment. Research coming from each of these different domains 

provides unique insights that can influence our approach to the different design 

characteristics of the built environment that may influence physical activity. In order to 

ensure this research can be more effectively absorbed into practices of architecture and 

planning, it needs to be organized into the individual elements that are central to 

neighborhood design, such as density, pedestrian infrastructure, bike lanes, number of 

street intersections, crosswalks, building setbacks, locations of building entries, etc.  

Through a literature review, this study captures the state-of-the-art in research from 

multiple domains, links that research to neighborhood design elements that influence 

physical activity, and integrates what is known through a conceptual framework for 

analysis. Specifically, it considers the neighborhood design elements already included in 

LEED-ND as well as other neighborhood design elements found in the literature, and 

conferences. The literature review involved an exhaustive search of both peer-reviewed 

journals via the Thomson Reuters TM Web of ScienceTM (“Web of Science - IP & 

Science - Thomson Reuters” 2015) and books via the University of Arizona Library 

“Summon” tool (“University of Arizona Libraries” 2015) using the key words: 

walkability, health and the built environment, neighborhood design, transit oriented 

development, greenspace, pedestrian and bicycle safety, and thermal comfort. The 

search on the Web of ScienceTM led to 40 highly relevant publications including five 

articles from the thermal comfort domain, twelve articles from the physical activity 
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domain, seven articles from the transportation domain, eleven articles from the health 

and the built environment domain, and five articles from the land planning domain 

(Tables 1-9). Twelve directly relevant books were also identified: Walkable City (Speck 

2012), Redesigning Cities (Barnett 2003), Shaping Neighborhoods (Barton et al. 2003), 

Towards a Livable City (Buchwald 2003), Health and Community Design (Frank et al. 

2003), Making Healthy Places (Dannenberg et al. 2011), Street Design (Massengale and 

Dover 2014), and Happy City (Montgomery 2013), Children and Nature (Kahn and 

Kellert 2002), Accessible Natural Green Space Standards in Towns and Cities (Handley 

et al. 2003), The Last Landscape (Whyte 1970), and the seminal work by Jane Jacobs, 

The Life and Death of Great American Cities (Jacobs 1961). The literature review was 

complemented with feedback from experts in the field participating in relevant sessions 

at two international conferences on city design and sustainable architecture in 2014: the 

51st International Making Cities Livable in Portland, OR and Greenbuild in New 

Orleans, LA. 

A3: A WALKABILITY FRAMEWORK 

The influence of the built environment on physical activity has been a popular 

topic since the 1990s. For example, a seminal study by (Cervero and Kockelman 1997) 

from the transportation domain, introduced what are known as the “3Ds” of the built 

environment: density, diversity, and design. This research revealed that a combination of 

compact, diverse and pedestrian-oriented neighborhoods results in less automobile trips. 

Five years later, the study by (Handy et al. 2002) identified six dimensions of the built 
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environment that include: density and intensity, land-use mix, street connectivity, street 

scale, aesthetic qualities and regional structure. Since then, several tools have been 

developed to measure the built environment and its influence on physical activity, 

including the Neighborhood Environment Walkability Scale (NEWS) questionnaire 

(Saelens et al. 2003), its abbreviated form NEWS-A (Cerin et al. 2006), the Walkability 

Index (Frank et al. 2009), the Ten Steps of Walkability proposed by (Speck 2012), and 

the Ten Criteria for Walkability proposed by (Massengale and Dover 2014).  

This review takes the neighborhood design elements identified in the literature review 

and groups them into nine categories that reflect both the trends in the literature and the 

current structure of LEED-ND: (1) connectivity, (2) land-use, (3) density, (4) traffic 

safety, (5) surveillance, (6) experience, (7) parking, (8) greenspace, and (9) community. 

The neighborhood design elements for each category are listed in tables showing the 

corresponding citations (Tables A1-A9). These nine categories then form the basis of a 

conceptual framework that we called “Walkability Framework”. 

3.1 Connectivity 

Connectivity is defined as the “directness of routes between households, stores and 

workplaces” (Leslie et al. 2006:2); it enhances walkability in a number of ways (Table 

A1). LEED-ND measures connectivity through the intersection density metric, which is 

the ratio of the number of street intersections to the area (e.g., number of intersections 

per square mile).  Higher intersection density means higher neighborhood connectivity 

that results in shorter routes, more travel options, easier access to public transit systems, 
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and shorter travel times (Leslie et al. 2006). LEED-ND requires a minimum density of 

90 intersections per square (where intersections leading to cul-de-sacs and intersections 

that lead to no-exit destinations are not considered). This metric is comparable to 

findings from (Jacobs 1961) who recommends small blocks for connectivity, and 

(Saelens et al. 2003) who consider intersections occurring every 100 yards as high in 

connectivity. 

Generally speaking, the grid street network is favored over the cul-de-sac (Dill 2004), 

but there are some caveats to consider. According to (Montgomery 2013), because the 

grid provided the simplest and fastest way to divide the land, it became the norm for all 

settlements during the colonization of the U.S. However, the new settlements failed to 

provide public parks and plazas, leaving streets as the only public space, forcing 

residents to shape their own neighborhood for physical activity. New Urbanism, an 

urban design theory and movement that originated in the late 1990s that advocates for 

walkable neighborhoods, recommends the grid street network because it provides the 

connectivity and legibility necessary for pedestrians (Montgomery 2013). However, if 

the grid network is continued uninterrupted throughout the city, may produce feelings of 

“endlessness” (Jacobs 1961) or can become unpleasant and rigid (Massengale and Dover 

2014). It is recommended to add some T-junctures at some irregular but frequent 

interval by placing interesting landmarks or small parks (Jacobs 1961). In order to 

“soften” the grid, (Massengale and Dover 2014) recommend a variety of street types and 

widths, slight bends that follow topography, and laying diagonals across the grid. The 
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grid is particularly interesting in cities with hills, such as San Francisco, CA 

(Massengale and Dover 2014). 

It is also important for connectivity to avoid dead-end streets, fences and gates. It is for 

this reason that LEED-ND does not certify gated communities and discourages dead-end 

streets. Figure A1 illustrates the concept of connectivity in three different approaches to 

neighborhood design: grid, gated or fenced, and cul-de-sacs. The outer lines represent 

arterial roads and the inner space represents a neighborhood. The access to the 

neighborhood and the inner intersections (four-way) are marked with dots. The street 

network with a higher number of intersections (dots) per unit area leads to more, often 

shorter, alternative routes and thus has the highest connectivity, which is why a gridded 

approach is favored where walkability is concerned.  

 
Figure A1. Connectivity in neighborhood design. The grid street network (left) allows 
more intersections (red dots) per unit of area, which provide higher connectivity; that is, 
shorter and more alternative routes. Fenced or gated communities (center) have lower 
connectivity; that is, less number of intersections per unit of area (less dots). In a similar 
way, cul-de-sacs and dead-end streets (right) show lower connectivity; that is, less 
number of intersections per unit of area (less dots). 
 

There are other factors the literature indicates must be considered when designing 

connected neighborhoods for walkability. In order to insure the connectivity with the 
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rest of the city, the adjacent neighborhoods must also provide connectivity, so that 

neighborhoods function as interconnected parts of the urban continuum, and not as 

separate units (Barton et al. 2003). In a related way, walkability can be linked to other 

forms of transport. The provision of adequate transit system connects pedestrians and 

bikers beyond the walking and biking distance (Montgomery 2013). Barriers to 

connectivity include freeways, railways, and rivers because the connections to the other 

side occur at longer distances than regular blocks (Jacobs 1961). 

The impact of access to highways on walkability, however, showed conflicting results in 

the literature. It was considered a positive neighborhood design element in studies from 

the physical activity research domain (Cerin et al. 2006) and a non-desirable 

neighborhood design element from the perspective of researchers focused on livable 

cities (Walljasper 2003). More research is recommended on the effects of access to 

highways to walkability. 

Table A1. Connectivity encompasses a number of neighborhood design elements that 
current research suggests must be considered in order to maximize walkability. Those 
already considered at some level in the certification process are denoted with LEED-
ND.  

Neighborhood design elements Citations  
There must be at least 140 intersections per 2.6km (~1sqmi). Also, 
intersections must be 4-way, or small blocks allowing intersections to 
occur at 91.4 meters (100yd) or less 

(Barnett 2003; Jacobs, 1961; 
LEED ND; Massengale and 
Dover, 2014)  

Adjacent sites must have a connectivity of 90 intersections per 2.6km 
(~1sqmi) 

(Jacobs, 1961; LEED-ND.; 
Massengale and Dover, 
2014)   

Avoid gated communities (Jacobs, 1961; LEED-ND) 
There must be at least one through-street every 122m (~400ft) in the 
boundary 

(LEED-ND) 

If there are any cul-de-sac, connect it to pedestrians and bicycles by 
streets or trails (without barriers) 

(LEED-ND) 

The neighborhood should be served by adequate transit system (LEED-ND) 

Avoid cul-de-sac/ dead-end streets (Dill 2004) (Barton et 
al.2003; Jacobs 1961) 
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Barriers to connectivity: freeways, railway lines, rivers (Jacobs 1961) 
Provide easy access to highways vs. avoid highways (Cerin et al. 2013) vs. 

(Walljasper 2003) 
Avoid fences and allow access to the general public (Jacobs 1961) 
Grid street networks in high-intensity streets must include visual 
interruptions like “T” junctures, bridges connecting buildings, slope, 
short blocks 

(Jacobs 1961) 

In case of a grid, lay a diagonal across (Massengale and Dover 
2014) 

In case of a grid, add slight bends that follow topography (Massengale and Dover 
2014) 

In case of a grid, include a variety of street types and widths (Massengale and Dover 
2014) 

The street layout must be a grid that allows alternative routes (Dill 2004; Giles-Corti et al. 
2005; Jacobs 1961; Leslie et 
al. 2006) 

 
 
3.2 Land-use 

 

This category refers to the proximity of land uses (or mixed-use) (e.g., residential, 

commercial, industrial) in a given area (Handy et al. 2002) (Table A2).  In terms of 

walkability, land-use is considered with respect to the distance and access to services 

(e.g., shops, restaurants, banks, workplaces) as destinations of walking (Greenwald and 

Boarnet 2001). The optimum distance a person will walk to is less than 800m (1/2mile) 

or a ten-minute walk, so for round trips this would mean a distance of 400m (1/4 mile) 

or a five-minute walk to and from a particular destination (Barton et al. 2003; Jacobs 

1961). The provision of multiple types of services located less than five minutes’ walk 

distance (400m or 1/4 mile) from homes is considered more walkable. 

Jacobs (1961) emphasizes land-use mix as an essential element for walkability in her 

analysis of cities in the U.S. She argues that zoning regulations that allow mixed-use 

throughout neighborhoods would encourage people to walk to a diversity of services 
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(e.g., some restaurants, some shops, some offices) that are accessible at different times 

of the day and night (e.g., bakeries work in the early morning and bars open late at 

night). This difference in schedule is important to ensure there are people at all times 

paying attention to what happens in the streets, making it safer from crime. The 

inclusion of diverse uses allows some of the business owners to become “self-appointed 

public characters” that provide identity, social network and public trust to the 

neighborhood (Jacobs 1961). Other studies have confirmed Jacob’s finding that a mix of 

land uses within walking distance from homes enhance walkability (Barton et al. 2003; 

St. Antoine 2003; Walljasper 2003). LEED-ND recommends at least four types of 

services within a five-minute walk (1/4 mile) and seven services within a ten-minute 

walk (1/2 mile) from homes. 

Primary uses, which (Jacobs 1961) refers to as those establishments that bring people 

into the neighborhood, including food, retail, and offices, are especially important to 

enhancing walkability through design because they help support the other businesses. 

They also can provide full-time employment in close proximity to homes, which is a 

critical element for walkability because people living nearby may work in one of these 

places and they may choose to travel by foot or bicycle (Barton et al. 2003; Giles-Corti 

et al. 2005). LEED-ND includes the provision of full time jobs in the certification 

system and they prescribe an equal or greater number of jobs than the number of 

dwelling units within ½ mile.  
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Design that helps maintain the diversity of services throughout the day in a given place 

can also promote walkability. This diversity helps avoid the potential of a neighborhood 

becoming a one-service-only district (e.g., restaurant district, office district), where 

businesses tend to outcompete themselves and effectively isolate the neighborhood at 

some time of the day when they are not operating (Jacobs 1961; St. Antoine 2003). This 

phenomenon is particularly evident in many downtown areas that have become an office 

district: once these offices close for the day, the area becomes more isolated and thus 

more dangerous (Jacobs 1961). In order to avoid this situation, (Jacobs 1961), 

recommends that public buildings (e.g., libraries) remain part of the neighborhood even 

if property values increase. (St. Antoine 2003), goes so far as to recommend zoning 

regulations that limit the amount of the same service in a given area. 

The size of the service also influences walking, where small services (e.g., small shops, 

restaurants, coffee shops, banks) increase walkability, while large services (e.g., car 

dealers, hospitals, large parking lots) do not. Large-size services such as university 

campuses, hospitals and large parks may act as –barriers- for walking because large 

tracts of the sidewalks will remain isolated (when building entries are widely 

interspersed) (Jacobs 1961). In case a large-size service is unavoidable, (Jacobs 1961) 

and (Lopate 2003) recommend encouraging the placement of multiple and diverse 

small-size services adjacent (including across the street) in order to maintain city 

vitality. Moreover, it is recommended that these adjacent services are functionally 

related to the large service. For example, in the case of a large park, the adjacent services 

should include bike rentals, kite shops, exercise equipment shops, coffee shops, etc. 
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Food trucks and vendors are especially helpful for walkability and city vitality (Jacobs 

1961). 

Street intersections are important elements for city vitality and associated walkability 

because intersections concentrate and, at least momentarily, slow down the flow of 

people (Barnett 2003). It is therefore recommended to include some type of retail service 

in the corner of buildings (ground floor) and highlight the corner with a distinctive 

element in the design of the building (Barnett 2003). For example, a round element in 

the corner of the building will attract attention to and movement towards the intersection 

creating a landmark, which is important for walking (Barnett 2003). Corners that include 

retail are considered in this category as land-use because the use of the land for retail is 

pertinent in this category. However, this same element (corners with retail) creates a 

landmark that affects way-finding and is also important for walkability. The landmark 

aspect of corners is included in the experience category below.  

Schools are a critical destination for walking and must also be located in close proximity 

to homes so that the children can walk to school. This can lead to fewer automobile 

trips, meaning less traffic and increased physical activity among children (Montgomery 

2013). (Jacobs 1961) argues that safety from bullying and crime among youth who walk 

to school is achievable through the concentration of a diversity of small uses along the 

routes to school, where known and accessible small businesses serve as safe havens if 

children feel threatened while walking. Having a mix of land use throughout the 

neighborhood facilitates the provision of shops along the routes to school (Jacobs 1961).  
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Related to neighborhood design elements the recommendation that schools are compact 

in size (Montgomery 2013), and LEED-ND gives specific area requirements for 

compact schools. In addition to schools, having childcare services in close proximity to 

homes is also important because this is a frequent destination for young families (Powell 

2003). 

Some services are not perceived as destinations for walking because whatever benefit 

walking to them might bring is counteracted in another way (e.g., reduced health or 

safety); examples include markets that do not sell healthy foods and liquor stores 

(Powell 2003). Moreover, walkability is indirectly related to the healthy benefits of 

physical activity through energy (calories) expenditure. Some urban service, however, 

can counteract those benefits, by contributing to calorie intake, particularly those that 

involve unhealthy foods.  For example, businesses that sell inexpensive (and therefore 

more accessible) unhealthy food such as fast-food restaurants, corner markets and liquor 

stores may compromise the health of neighbors especially if the neighborhood is isolated 

and does not have other options to buy healthy food ((Powell 2003). Disadvantaged 

populations in the U.S. are disproportionately affected by the lack of proximate fresh 

food options and ample access to fast-food calorie-dense restaurants, which has been 

demonstrated as a contributing factor to higher rates of obesity (Cannuscio and Glanz 

2011). Encouraging food retail in neighborhood design that sells fresh produce has been 

identified as an essential element for promoting wellbeing and contributing to the 

positive aspects of walkability in several studies (Barton et al. 2003; Jacobs 1961; St. 

Antoine 2003). LEED-ND gives credit points for including food retail that sells fresh 
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produce. Incorporating healthy options into how walkability is considered involves 

encouraging services that sell food with produce (e.g., supermarkets, farmers markets) in 

the design of neighborhood. 

Other destinations that encourage walking are bus stops and transit stations. Access to a 

bus stop provides the opportunity to reach other destinations in the city without the use 

of cars (Barton et al. 2003). LEED-ND includes the location of a bus stop or transit 

station within ¼ mile and ½ mile from homes respectively in the certification system.  

There are other services which can indirectly impede walkability. For example, the 

number of banks in a neighborhood should be limited because they have passive facades 

(not interesting to the pedestrians) that can actually reduce the vitality of a street 

(Montgomery 2013). On the other hand, cafes, restaurants and diners are usually 

desirable destinations for walking (Jacobs 1961), especially if they are outdoors cafes on 

the sidewalk (Barnett 2003).  

The on-site physical access to the services in a neighborhood is also an important 

element to consider for enhancing walkability. The services should have direct access 

from sidewalks along public space and not a parking lot (Montgomery 2013; Saelens 

and Handy 2008), and this placement of entries is also considered in LEED-ND. More 

about parking lots is explained below in the parking category. 

Table A2. Land-Use encompasses a number of neighborhood design elements that 
current research suggests must be considered in order to maximize walkability. Those 
already considered at some level in the certification process are denoted with LEED-
ND. 
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Neighborhood design elements Citations 
Provide number of fulltime jobs within ½ mile of the geographic center 
of the project that is equal to or greater than the number of dwelling units 
in the neighborhood 

(Barton et al., 2003; Giles-
Corti et al., 2005; LEED-
ND)  

For office and residential buildings, the ground floor should be retail and 
must face at least 60% of the street 

(Barnett, 2003; LEED-ND; 
Massengale and Dover, 
2014),  

Services on the ground floor must have direct access from sidewalk along 
a public space, not a parking lot 

(LEED-ND; Montgomery, 
2013; Saelens and Handy, 
2008),  

Include at least 4 types of services within 5 minute walk (1/4mile) from 
most dwelling units and 7 services within 10 minute walk (1/2 mile) 

(Barton et al., 2003; 
Jacobs, 1961; LEED-ND; 
St. Antoine, 2003; 
Walljasper, 2003) 

Services must include food retail (Barton et al., 2003; 
Jacobs, 1961; LEED-ND; 
St. Antoine, 2003),  

At least 50% of the dwelling units are within ¼ mile from a bus or 
streetcar stop 

(Barton et al., 2003; 
LEED-ND),  

For neighborhood centers, entries to services must be within 300ft from a 
single common point 

(LEED-ND) 

There must be a farmers market within a 10 minute walk or 1.6km 
(~1mile) from the project’s center. Farmer’s market must sell items 
produced within 150 miles 

(Barton et al., 2003; 
LEED-ND) 

There must be an elementary and middle school within a 10 minute walk 
(1/2mile) from 50% of the homes 

(Barton et al., 2003; 
LEED-ND) 

There must be a high school within 1.6km (~1 mile) from 50% of the 
homes 

(LEED-ND) 

Schools must be compact and not exceed an area of 6.07 ha (~15acres) 
for high schools; 4.04ha (~10acres) for middle schools; and 2.02ha 
(~5acres) for elementary schools 

(LEED-ND; Montgomery, 
2013) 

Services must have different working hours (Jacobs 1961) 
Include a variety of restaurants (Jacobs 1961)  
Provide a variety of shops along the routes to school (Jacobs 1961) 
Avoid fast-food restaurants, corner markets and liquor stores (Powell 2003) 
Avoid large sized services (e.g., parking, car-dealers, large box stores, 
supermarkets, hospitals, large parks) 

(Jacobs 1961) 

Open corridors between housing buildings must include a variety of uses (Jacobs 1961) 
Corners must have retail on the ground level (Barnett  2003) 
Avoid single-use areas. Insure zoning for deliberate diversity that limits 
the amount of the same service within a certain area 

(Jacobs 1961; St. Antoine 
2003) 

Insure that public buildings stay staunch even if property values increase 
(e.g., public libraries) 

(Jacobs 1961) 

In the case of “borders” (barriers) such as waterfronts, railways, 
freeways, and other massive single uses (e.g., hospitals, university 
campuses), locate services that make direct use of the border itself 

(Jacobs 1961) (Lopate 
2003) 
 

Include mixed-use buildings that include residential/office and retail on 
the ground floor in all the streets of the neighborhood 

(Gifford 2014; Jacobs 
1961) 

Include child-care services close to homes (Powell 2003) 
No more than 1 bank per block  (Montgomery 2013) 
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3.3 Density  

This category refers to both the residential and retail density, both of which can be 

adjusted to enhance walkability (Table A3). Residential density is measured by the 

number of dwelling units per unit of area. The minimum required residential density in 

LEED-ND is seven dwelling units per acre (2.83 ha). Retail density is measured by the 

metric floor area ratio (FAR) and is defined by LEED-ND as “the total non-residential 

building floor area divided by the total buildable land area available for non-residential 

uses” (“Glossary | LEEDuser — LEED Certification Toolkit and Forum” 2014). FAR as 

used in LEED-ND ranges from 0 to 1.  FAR is also considered an indicator of building 

setbacks and surface parking; where low ratios (closer to 0) mean large surface parking 

and large setbacks, and high ratios (closer to 1) mean less surface parking and smaller 

setbacks: the higher the FAR, the more walkable (Frank et al. 2009).  

There is a consensus in the literature that high residential density is related to walking 

and less automobile use (Cervero and Kockelman 1997; Handy et al. 2002; Jacobs 

1961). High density is also essential to reduce urban sprawl and limit growth into natural 

landscapes (Whyte 1970), and is considered an environmentally friendly approach 

(Lopate 2003). High residential density without overcrowding (having too many people 

living in the same dwelling unit) is an essential element of a livable city (Rockcastle 

2003). Jacobs (1961) recommends high density for walking because having many people 

living and working in the same area increases eyes on the street and safety from crime.   
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Locating new neighborhood projects within the urban boundary increases the density of 

the city and promotes walkability. Infill development refer to the use of vacant lots 

within the city for development, maintaining the urban boundary and preserving natural 

sites (Barnett 2003), Infill development increases density and walkability; therefore, 

LEED-ND gives credit points to projects located in an infill site. Brownfield is referred 

to a vacant property in the city that is contaminated (or suspected to be contaminated) by 

industry; and in order to use this land for development, it has to be cleaned (Barnett 

2003). The redevelopment of brownfields also contributes to increasing the density of 

the city therefore walkability, and LEED-ND also gives incentives for using brownfields 

as the site of projects.  

Policies that discourage development in rural land or in the urban edges are considered 

“Smart Growth” because these reduce urban sprawl (Barnett 2003), while increasing 

density in urban areas and enhancing walkability. Locating the neighborhood in a 

designated receiving area for development rights contributes to the decrease of urban 

sprawl and increase density; where the rights are transferred from lands designated for 

conservation to lands designated for development and are publicly administered 

(USGBC 2014). LEED-ND encourages development rights in the certification system. 

Also, the locating of the project in areas designated as high-priority development is 

recommended in LEED-ND.  

The scientific literature has not reached consensus on optimal residential density. 

According to a worldwide study from the transportation research domain by (Newman 



	   62	  

and Kenworthy 1991), the optimal population density throughout a city should be 30 to 

40 people per hectare, which, in the U.S. translates into a residential density of 

approximately 12 to 15 dwelling units per hectare, considering an average household 

size of 2.6 (“ArcGIS - USA Average Household Size” 2014). Somewhat similar, 

(Condon 2014) recommends a density of 15 to 30 dwelling units per acre throughout the 

city with respect to his finding that a homogenous height in buildings results in less 

travels by automobile and more by bicycle. Jacobs (1961) makes a distinction in her 

recommendations for density depending on the distance from the urban core 

(downtown) (e.g., urban, semi-suburbs, and suburbs) (Figure A2). She recommends a 

density of 100 dwelling units per acre in urban neighborhoods, 10-20 units per acre in 

semi-suburban neighborhoods, and six to ten dwelling units per acre in suburban 

neighborhoods. Density recommendations in LEED-ND include a minimum of seven 

dwelling units per acre and extra credit points can be achieved with increased density.  
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Figure A2. Different densities in neighborhoods. This figure shows the three types of 
neighborhoods with regard to the distance to the urban core, where darker colors 
represent higher densities following the approach proposed by (Jacobs 1961).  

 

Though high density can lead to increased walkability, it can also lead to other 

unintended and undesirable qualities that may negatively impact human wellbeing and 

walkability. For example, if building coverage (ratio of building footprint over buildable 

land) exceeds 70 percent, the structures can produce oppressive feelings in pedestrians, 

and actually inhibit walking (Jacobs 1961) (Figure A3).  

 

 
Figure A3. Building coverage. This contributes to density and thus walkability, but can 
have undesired effects. The building footprint (dark color) that is about 70 percent of the 
buildable land (or block) (light color) and is the maximum recommended in order to 
avoid oppressive feelings in pedestrians (Jacobs 1961). 

 

As an alternative to limiting building coverage in order to avoid oppressive feelings 

among pedestrians in high density areas, (Gifford 2014) suggests maintaining the 

pedestrian scale at street level when designing the building frontage. This means that 

high-rise towers should be placed farther from the sidewalk where only low-rise 
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buildings (4 stories high or less) interact with the pedestrians in a “podium” way (Figure 

A4). This pedestrian-scale approach to high-towers is also known as vancouverism, 

because this model has proliferated in Vancouver, Canada in recent years (Montgomery 

2013). 

 
Figure A4. The podium. This design approach consists of low-rise buildings interacting 
with the pedestrians at the pedestrian scale while high-rise towers are located away from 
the pedestrians’ view to avoid oppressive feelings that excessive and highly proximate 
structures can cause 
 

Living in a high-rise tower has been shown to have undesirable impacts including 

negative feelings among residents and conflict among neighbors. According to (Gifford 

2014), these problems can be alleviated by ensuring the towers are not constructed too 

close to each other and must have greenspace in close proximity, allowing every unit to 

have a view of nature. In order to avoid conflict among neighbors, (Gifford 2014) 

recommends that “defensible” space is clearly established, which in this context means 

that private and public spaces are clearly delimited. 
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Table A3. Density encompasses a number of neighborhood design elements that current 
research suggests must be considered in order to maximize walkability. Those already 
considered at some level in the certification process are denoted with LEED-ND. 
Type of 
density 

Neighborhood design elements Citations  

Residential Suburbs must have a residential density of at least 7 dwelling 
units per acre (0.40ha) 

(Jacobs 1961; 
LEED-ND),  

Semi-suburbs must have a residential density of 12 dwelling 
units per acre (0.40ha) 

(Condon 2014; 
Jacobs, 1961; 
LEED-ND)  

Urban neighborhoods must have a residential density of at 
least 100 dwelling units per acre (0.40ha) 

(Jacobs 1961) 

High-rise buildings must not be too close to one another (Gifford 2014) 
Retail Suburbs must have a retail density of at least 0.50 FAR (Frank et al. 2009; 

“LEED-ND) 
Semi-suburbs must have a retail density of 0.8-3.0 FAR (Frank et al. 2009; 

“LEED-ND) 
Residential 
and retail 
 

Include a diversity of building types and ages (Jacobs 1961) 
Locate the project on an infill site (LEED-ND) 
Locate the project in a redeveloped brownfield (LEED-ND) 
Locate the project in a designated receiving area for 
development rights  

(LEED-ND) 

Building frontage should maintain the pedestrian scale (low 
rise buildings/podium) pushing high-rise towers away from 
pedestrian sight 

(Gifford 2014) 

High-rise buildings must not be too close to one another (Gifford 2014) 
Space between buildings must have clear private and public 
spaces 

(Gifford 2014; 
Jacobs 1961) 

Buildings should not cover more than 70% of the buildable 
land 

(Jacobs 1961) 

Maintain a homogenous density of 15 to 30 dwelling units per 
acre throughout the city 

(Condon 2014) 

Schools  Design compact schools: elementary - 6 hectares, middle 
school - 4 hectares, high-school – 2 hectares 

(LEED-ND) 

 
 
 
3.4 Traffic Safety 

 
 

This category refers to the provision of infrastructure and necessary space for walking, 

biking, and using transit systems that increase safety from traffic. The built environment 

has been identified as contributing to traffic risks and the associated harms to both 

people and property, and research shows that altering neighborhood design can increase 



	   66	  

walkability by improving safety (Sleet et al. 2011). The design of the streets has been 

correlated with injuries to bikers, pedestrians and even vehicular passengers (Jackson 

2011). Preventing traffic accidents through neighborhood design is considered a public 

health priority (Sleet et al. 2011). This category groups all the design elements that may 

prevent injuries by providing safety from traffic risks. There has been more research 

conducted on this than any other category, so we created four sub-categories: (a) 

pedestrians, (b) bicycles, (c) transit systems, and (d) traffic-calming treatments. 

3.4.1 Pedestrians  

There is a clear understanding that sidewalks are not only critical for the connectivity 

within and between neighborhoods, but are essential for safety from traffic and city 

vitality (Jacobs 1961) (Table A4.1). However the optimal width of sidewalks is not 

clear. (Jacobs 1961), recommend a sidewalk width of 20 to 35 ft. (~6-10 m), and she is 

particularly concerned with child safety. Wide sidewalks allow the incidental play of 

children to occur safely on the streets, which (Jacobs 1961) considers as essential to city 

vitality because children can play on wide sidewalks while adults tend to their regular 

activities. LEED-ND recommends a width of 4 ft. (1.21 m) for residential streets and 8-

10 ft. (2.4 – 3 m) for commercial streets. 

In addition to the width of sidewalks, pedestrian safety from traffic can be enhanced by 

reducing at-grade crossing (car entrances to parking areas or driveways that interrupt 

sidewalks) (Barnett 2003). LEED-ND specifies that garage openings or service bays can 

interrupt no more than 20 percent of the street frontage. In addition, buffering the 
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sidewalk from the road increases safety to the pedestrian, often accomplished through a 

strip of vegetation and/or on-street parking (Barton et al. 2003; Massengale and Dover 

2014; Walljasper 2003). LEED-ND recommends on-street parking for 70 percent of the 

street frontage and the consideration of people with diverse abilities throughout the 

neighborhood (e.g., ramps in the intersections and building entries) (Figure A5).  

 
Figure A5. Pedestrian Safety. Walkability can be enhanced in neighborhood design by 
ensuring safety from traffic. Sidewalks provide safety from traffic, and safety is 
enhanced by providing vegetation buffers, and on-street parking. 

 
 

Pedestrian-only streets are recommended by (Montgomery 2013) in order to increase 

walkability for a variety of reasons including traffic safety (Table A4.1). The widening 

of sidewalks at intersections (Barton et al. 2003; Jacobs 1961; Walljasper 2003), the 

inclusion of cross walks, and medians are all important design elements that promote 

safety from traffic (Massengale and Dover 2014; Walljasper 2003), All of these 

enhancements need to have a maintenance strategy from the outset as their deterioration 

can actually increase health risk considerably. The University of Wisconsin identified 

slips, trips, and falls as the second most frequent accident leading to personal injury, and 
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uneven sidewalks are included as a potential cause of injury (“Accident Prevention: 

Slips, Trips and Falls” 2015). Not only does an even sidewalk reduce the risk of injury 

but it also increases physical activity. (Van Cauwenberg et al. 2014), found that 

sidewalk evenness was strongly correlated with the street appeal for walking in older 

adults. 

 

Traffic lights with countdown timers, or pedestrian countdown signals, are intended to 

increase safety from traffic, however the benefits are still not well established. 

According to (Kapoor and Magesan 2014), pedestrian countdown signals were in fact 

related to lower number of pedestrian struck by automobiles, but they were also 

associated with increased number of collisions between automobiles. More research is 

recommended. 

 

In addition to the infrastructure-based enhancements, there are programs for employers 

that can encourage their employees to walk, bike or take public transit, and these are 

often designed to also increase safety and promote walkability. LEED-ND gives points 

for “guaranteed ride home” where the employer within the certified project must give a 

free ride home in case of an emergency to their employees who walked, biked, 

carpooled or took transit. 

 
 
Table A 4.1. Ensuring safety for pedestrians encompasses a number of neighborhood 
design elements that current research suggests must be considered in order to maximize 
walkability. Those already considered at some level in the certification process are 
denoted with LEED-ND. 
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Neighborhood design elements Citations  
Provide continuous sidewalks along both sides of 90% of the 
streets 

(LEED-ND) 

Sidewalks on residential areas must be at least 4-5ft wide (LEED-ND) 
Sidewalks on retail or mixed use blocks must be 8-10ft wide (LEED-ND) 
Provide on-street parking on 70% of both sides of the streets (Barton et al., 2003; LEED-ND; 

Massengale and Dover, 2014; 
Walljasper, 2003) 

No more than 20% of the street frontage are faced by garage 
openings and service bays 

(Barnett 2003) 

Minimize at-grade crossings of sidewalks with driveways  (Barton et al. 2003; LEED-ND) 
Guaranteed ride home (LEED-ND) 
Universal design: Design homes and streets that can be used 
by a wide spectrum of people regardless of ability or age; 
including low-slope ramps in every intersection. 

(LEED-ND) 

For high density developments, sidewalks on residential areas 
must be 20ft wide to allow for child-play 

(Jacobs 1961) 

For high density developments, sidewalks on retail and mixed 
use blocks must be 30-35 ft wide 

(Jacobs 1961) 

Provide a strip of vegetation with large trees that separates the 
sidewalks from the roads 

(Barnett 2003; Massengale and Dover 
2014) 

Provide maintenance to the sidewalks to ensure evenness  (Van Cauwenberg et al. 2014) 
Provide pedestrian-only streets (Montgomery 2013) 
Widen sidewalks at intersections (Barton et al. 2003; Jacobs 1961; 

Walljasper 2003) 
Provide pedestrian lights with countdown timers (Kapoor and Magesan 2014) 

 

3.4.2 Bicycles  

Infrastructure for bicycles is an essential component for walkability, in part because they 

can be designed to contribute to traffic safety (Asadi-Shekari et al. 2015; Montgomery 

2013) (Table A4.2). Safety from traffic for cyclist can be enhanced by the provision of 

bike lanes throughout the city that are buffered from the road (e.g., separated by a strip 

of vegetation, and/or elevated from the road) (Barton et al. 2003; Massengale and Dover 

2014), raised bike lanes and crossroads (Garder et al. 1998), signalized intersections 

(stop-controlled), lighting, and color-pavement markings (Asadi-Shekari et al. 2015) 

(Figure A6).  
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Figure A6. Bicycle Safety. Walkability can be enhanced in neighborhood design by 
ensuring safety from traffic to cyclists. Raised and colored bike lanes provide safety 
from traffic, and safety is enhanced by providing vegetation buffers, bike lanes with 
signage, and lighting. 
 

In addition to providing the adequate infrastructure for biking on the streets, 

research indicates that there are other design elements to consider. (Asadi-Shekari et al. 

2015) found that the condition of the pavement and slope affects safety to cyclists, while 

well-maintained pavement and low slope increase safety. Giving bicycle preference on 

busy intersections (street lights that give extra seconds to cyclists before green lights) is 

also recommended (Barton et al. 2003; Montgomery 2013). LEED-ND considers 

cyclists in the certification system and offers points for including bike racks at building 

entries, bicycle storage on residential buildings, showers, and locker rooms in office 

buildings. 

 
Table A 4.2. Ensuring safety to cyclists encompasses a number of neighborhood design 
elements that current research suggests must be considered in order to maximize 
walkability. Those already considered at some level in the certification process are 
denoted with LEED-ND. 
Neighborhood design elements Citations 
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Include a 5 mile bicycle network and pedestrian trail within ¼ mile 
of the project 

(LEED-ND; Walljasper,2003) 

For residential projects, a bicycle network is within ¼ mile of 
boundary and connects to a school or employment center within 3 
miles 

(LEED-NDv2009) 

Include a bicycle network within ¼ m of boundary that connects at 
least 10 diverse uses within 3miles 

(LEED-NDv2009) 

Residential: provide bicycle parking and storage capacity of 1 
space/dwelling unit 

(LEED-ND; Newman & 
Kenworthy 1991) 

Retail: provide bicycle parking and storage capacity of: 1 
space/5,000sqft of retail space. Bicycle storage must be located 
within 100 ft of main entries 

(LEED-ND; Newman & 
Kenworthy 1991; Walljasper 
2003)  

Non-residential other than retail: provide 1 storage for 10% 
occupancy and visitor rack on-site of 1 space per 10,000sqft, and no 
less than 4 spaces per building 

(LEED-ND; Newman & 
Kenworthy 1991) 

Provide at least 1 on-site shower with changing facility for any 
development with 100 workers 

(Newman and Kenworthy 
1991) 

Bicycle racks must be located in visible areas from main entries of 
buildings, served with lighting.  

(LEED-ND; Newman & 
Kenworthy 1991) 

Guaranteed ride home (LEED-ND) 
Give bicycles priority at intersections  (Barton et al. 2003; 

Montgomery 2013) 
Maintain bike lanes with smooth surfaces and avoid loose gravel (Barton et al. 2003) 
Devote space on the streets for bicycle and car-sharing businesses (Montgomery,2013) 
Include a bike lane on every street buffered from the road  (Barton et al. 2003; 

Massengale and Dover 2014) 
Elevate bike lanes and crossroads a few inches (Garder et al. 1998) 
Include signalized intersections (stop-controlled) (Wang, et al. 2015) 
Provide lighting (Asadi-Shekari et al. 2015; 

Wang et al. 2015) 
Color-pavement markings (Asadi-Shekari et al. 2015) 
Avoid steep slopes for bike routes (Asadi-Shekari et al. 2015) 
 
 
3.4.3 Transit systems 

Connecting pedestrians and cyclists beyond the walking and biking distance through the 

use of transit systems increases walkability (Montgomery 2013) (Table A 4.3). LEED-

ND recommends that transit stops be located within a ten-minute walk of homes (1/2 

mile) and bus stops within a five minute walk of homes (1/4 mile) and that waiting areas 

must be safe and comfortable. To ensure safety and promote their use, transit systems 

must be reliable and continuous (every 15 minutes or less) providing information of 

routes and journey on screens at each transit stop (Montgomery 2013). For surface 
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transit systems, street rules and associated signage must dedicate priority access, such as 

a bus-only lane and intersection priority (Barton et al. 2003; Montgomery 2013). 

 

Table A 4.3. Providing safety in the use of transit systems encompasses a number of 
neighborhood design elements that current research suggests must be considered in 
order to maximize walkability. Those already considered at some level in the 
certification process are denoted with LEED-ND. 
Neighborhood design elements Citations 
Dwelling units must be located within a 10 minute walk (1/2 mile) 
from transit stops and 5 minute walk (1/4 mile) from bus stops 

(Barton et al. 2003;LEED-ND; 
Newman and Kenworthy 
1991; Walljasper 2003) 

There are direct routes from homes to transit stops (Barton et al.,2003; LEED-
ND) 

Provide safe, convenient, and comfortable transit waiting areas and 
safe and secure bicycle storage for transit users 

(Barton et al. 2003; LEED-
ND) 

Provide kiosks, bulletin boards or signs that displays transit 
schedules and route information at each public transit stop 

(LEED-ND; Montgomery 
2013) 

Provide information about the journey on screens at each public 
transit stop or on smartphone apps 

(LEED-ND; Montgomery 
2013) 

Provide annual transit passes at a reduced price to residents and 
occupants of the buildings in the project 

(LEED-ND) 

Provide private transit service (vans, shuttles, buses) from a central 
point of the neighborhood to transit facilities or other important 
destinations 

(LEED-ND) 

Guaranteed ride home (LEED-ND) 
Boost the status of public transit by creating state-of-the-art public 
transit stops and units 

(Montgomery 2013) 

Buses and transit units must show-up every 15 minutes or less (Montgomery 2013) 
Provide bus-only lanes and intersection priority to transit systems (Barton et al. 2003; 

Montgomery 2013) 
Designate buses, taxis and trucks-only streets  (Jacobs, 1961) 

 
3.4.4 Traffic calming treatments 

The provision of traffic calming treatments that reduce the speed of cars in the streets is 

thought to increase walkability by providing safety (Asadi-Shekari et al. 2015) (Table 

A4.4). Traffic calming treatments include: roundabouts (Brainard 2014), trees or other 

features placed in the middle of the road, alternative paving materials (e.g., 

cobblestones), small radii corners (Massengale and Dover 2014), raised and brightly 
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painted crosswalks, speed bumps (Walljasper 2003), strategically placed vegetation 

(e.g., a small park) (Jacobs 1961), narrow lanes (Massengale and Dover 2014; 

Walljasper 2003), woonerfs (cars are legally bound to give right-of-way to pedestrians 

and cyclists) (Montgomery 2013), fewer motorized lanes (one lane vs. two or more 

lanes) (Wang et al. 2015), and pedestrian-only streets (Newman and Kenworthy 1991; 

Walljasper 2003). LEED-ND recommends speed limits of 20mph in residential areas 

and 25mph in mixed-use streets in order to reduce speed. 

 
Table A 4.4. Traffic Calming Treatments encompasses a number of neighborhood 
design elements that current research suggests must be considered in order to maximize 
walkability. Those already considered at some level in the certification process are 
denoted with LEED-ND.   
Neighborhood design elements Citations  
Speed limit on residential areas is 30km/hr (~19mph) (LEED-ND; Newman 

and Kenworthy 1991; 
Walljasper 2003)  

Speed limit on non-residential or mixed-use streets is 40km/hr (~25mph)  or 
less 

(LEED-ND) 

Include medians and crossroads  every 800ft on busy streets and access lanes 
with a speed limit of 40km/hr (~25mph) 

(LEED-ND; 
Massengale and Dover, 
2014; Walljasper 2003) 

Provide a combination of traffic control and calming measures on routes 
from dwelling units to schools 

(LEED-ND) 

Include brightly painted crosswalks raised a few inches above the roadway 
on street intersections 

(Walljasper 2003) 

Widen sidewalks at the intersections (Jacobs 1961) (Barton 
et al. 2003; Walljasper 
2003) 

Designate pedestrian zones/streets (Newman and 
Kenworthy 1991; 
Walljasper 2003) 

Toll on cars entering the city core (Walljasper 2003) 
Install speed bumps along streets (Walljasper 2003) 
Narrow streets (Massengale and Dover 

2014; Walljasper 2003) 
Place a small park at the end of streets (Jacobs 1961) 
Use cobblestone for street paving (Massengale 2014) 
Place trees and other elements (e.g., monuments) in the middle of the roads (Massengale 2014) 
Small corner radii to force cars to slow down when turning (Massengale and Dover 

2014) 
Create woonerf streets  (Montgomery 2013) 
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Place roundabouts at street intersections (Brainard 2014) 
Provide a shoulder lane on intersections between arterials and secondary 
roads 

(Ale et al. 2014) 

Avoid multiple lane boulevards (more than 2 lanes) (Wang et al. 2015) 

 

3.5 Surveillance 

This category refers to the street-evident viewing capacity within buildings as both a 

crime deterrent and potential as-needed link between those inside the building with those 

potentially in need outside (Table A5). The reasoning here is that a crime is less likely to 

occur if obviously observable, and if someone on the street calls for help, he or she may 

be seen or heard by people inside the buildings surrounding the street (Jacobs 1961). 

Massengale and Dover (2014) refer to this as natural surveillance, or the impression that 

some streets give when they seem to be watched by people inside the buildings through 

windows, doors, balconies, storefronts, etc., all proving a feeling of safety, thereby 

increasing walkability. 

Design elements for this category considered in LEED-ND include widows with clear 

glass along the facades at the pedestrian level, small building setbacks that push the 

building close to the sidewalks, building entries occurring at short intervals, and the 

inclusion of retail, live/work or dwelling units on the ground floor with direct access to 

the street. Barnett (2003) recommends front porches that allow people to sit outside their 

homes and watch pedestrians, outdoor cafes, and balconies oriented towards the street. 

In addition, Barton et al. (2003) consider lighting as an essential element for walking at 

night (Figures A7 and A8). Blank walls for extended lengths (more than 15 meters) are 
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not recommended (Jacobs 1961; Massengale 2014; Montgomery 2013). LEED-ND 

specifies no more than 50 ft. of blank walls in the certification system. 

 

  
Figure A7. Surveillance in commercial streets. The surveillance in commercial streets 
increases walkability. People watching the street provides surveillance and safety from 
crime. This can be achieved by having small setbacks, outdoor cafes, windows facing 
the street, and lighting. 
 
 

 

 
Figure A8. Surveillance in residential streets. This increases walkability. People 
watching the street provides safety from crime. This can be achieved by having small 
setbacks, front porches, windows facing the street, and lighting. 
 
In addition to all of the neighborhood design elements that provide surveillance, the 

presence of trees on the streets have been correlated to reduced levels of crime 

(Donovan and Prestemon 2012). This features increases perceived safety from crime that 

increase physical activity. 
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Table A5. Surveillance encompasses a number of neighborhood design elements that 
current research suggests must be considered in order to maximize walkability. Those 
already considered at some level in the certification process are denoted with LEED-
ND.   
Neighborhood design elements Citations 
All ground level retail uses that face a public space must have clear glass 
on at least 60% of their facades between 3-8ft above grade 

(Barnett. 2003; Jacobs 
1961;LEED-ND) 

For residential, the ground floor of at least 50% of the units must have an 
elevation of more than 24in above the sidewalk 

(Barnett 2003; LEED-
ND) 

Avoid wide streets with low-rise buildings. Building height-to-street-
width ratio of 1:3 

(LEED-ND) 

Ground floor of buildings must have retail, live/work or dwelling units 
that have access to public space 

(LEED-ND) 

Avoid blank walls (no windows or doors) longer than 15 meters (50ft) (Jacobs 1961; LEED-ND; 
Massengale 2014; 
Montgomery 2013) 

Setbacks of 8m (~25ft) or less for 80% of street-facing buildings (Frank et al. 2009; LEED-
ND) 

Locate buildings close to the streets. Setbacks of 5m (~18ft) or less for 
50% of street-facing buildings 

(Barnett 2003; LEED-
ND) 

Setbacks of  0.3m (~1ft) for at least 50% of mixed used and non-
residential street-facing buildings 

(LEED-ND) 

Setbacks of 10 ft that include a front yard allow a semi-private space 
between homes and public space 

(Montgomery 2013) 

Building entries occur at an average of 9-23m (~30-75ft) or less along 
mixed or non-residential buildings 

(Jacobs 1961) (Barnett 
2003) 

For residential areas, front porches, doors and windows should face the 
street. Garage doors facing the street should be avoided. 

(Barnett 2003) 

Include outdoor cafes on the streets (Barnett 2003) 
Provide lighting on the streets and outdoor spaces (Barton et al. 2003; 

Handy et al. 2002) 
Orient the buildings toward the street: windows, storefronts, balconies, 
entries 

(Massengale and Dover 
2014) 

Include trees (Donovan and Prestemon 
2012) 

 
 

3.6 Parking 
 

This category groups the neighborhood design elements that de-incentivize driving by 

making it difficult to park (Table A6). There is a consensus that any physical activity 

associated with parking does not contribute to walkability (Barnett 2003; Montgomery 

2013; Walljasper 2003). Parking tends to concentrate automobiles which in turn inhibits 
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the street life that often attracts pedestrian traffic. Designing in a purposeful lack of 

parking is an incentive for people to use an alternative mode of transportation like 

walking and biking (Montgomery 2013). However, reducing parking is not an easy task 

because regulations require buildings to provide parking for customers and employees. 

For example, typical municipal parking codes in the U.S. require that one parking spot 

most be provided for every 23 m2 (250 ft2) of office space, and a bowling alley in the 

U.S. needs to provide five parking spots for every bowling lane (Montgomery 2013). 

These kinds of regulations have caused an excessive amount of parking in the U.S. 

where research shows that the ratio of parking spots to automobiles is 8:1 (Montgomery 

2013). The size of parking areas also affects walkability; when parking lots are large, 

they act as borders to or within a city (Jacobs 1961). If parking lots/ garages are 

unavoidable, Jacobs (1961) recommends that the surrounding areas have small blocks 

(street intersections occurring at short intervals). 

Not all parking has the same effect, however. On-street parking is encouraged to provide 

a buffer between traffic and sidewalks. The consolidation of parking at the rear of the 

buildings enhances walkability (Barnett 2003).  Barnett (2003) identifies two different 

design approaches for parking that have opposite effects in terms of walkability (Figure 

9). Figure 9a shows a non-walkable approach or the typical strip mall (open-air shopping 

mall), where parking is provided at the front of and often busy main street with at-grade 

crossings interrupting the sidewalk and placing the storefronts away from the sidewalk. 

Figure 9b shows a more walkable design where parking is provided at the rear of the 

building with access through a secondary street, allowing the main street to be free of at-
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grade crossings interrupting the sidewalk, and providing storefront right next to the 

sidewalk. A rear entrance to the building is strongly recommended (Barnett 2003).  

 
Figure 9a                                                                     Figure 8b 
 
Figure A9. Parking. How a parking lot is designed can influence walkability. Figure 
9a shows a typical strip mall configuration in the U.S. where parking is located at the 
front of the primary street, with two at-grade crossings (entrance and exit represented by 
arrows). Figure 9b shows an alternative option for locating parking at the rear of the 
building, concentrating entrance and exit together and leading toward a secondary street. 
This way the sidewalk on the main street is not interrupted and the building is located 
closer to the sidewalk. Building entrances are recommended on both the street front and 
the rear parking. Adapted from Barnett (2003). 
 

Other parking-related design elements include shared parking, basement parking, 

carpool spaces, and selling or renting parking spaces separately from dwelling units 

(Barnett 2003; LEED-ND). Shared parking is the use of the same parking spaces for 

different uses at different times of the day. For example, an evening baseball game may 

use the office parking that is otherwise empty after working hours.  

 
Table A6: Parking encompasses a number of neighborhood design elements that current 
research suggests must be considered in order to maximize walkability. Those already 
considered at some level in the certification process are denoted with LEED-ND. 
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Neighborhood design elements Citations  
Reduce parking footprint. Either do not build off-street parking or 
build parking lots at the side or rear of buildings leaving frontages 
free of surface parking 

(Barnett 2003; Frank et al. 
2009; LEED-ND.; 
Montgomery 2013; Walljasper 
2003) 

Do not allow more than 20% of footprint area is used for off-street 
parking 

(LEED-ND 

Do not allow parking lots greater than 0.66ha (~2 acres) (LEED-ND) 
For non-residential, provide carpool and/or shared-use vehicle 
parking spaces for 10% of parking, with signage and within 60m 
(~200ft) of building entries 

(LEED-ND) 

Parking spaces are sold or rented separately from the dwelling units 
or square footage of non-residential 

(LEED-ND) 

Provide on-street parking on 70% of both sides of the streets (LEED-ND) 

Include at least one vehicle from a vehicle-sharing program within a 
5 minute walk of the dwelling units 

(LEED-ND) 

Integrate parking in the building base (Barnett 2003: LEED-ND) 

Downtown parking should be 200 spaces per 1000 workers (Newman and Kenworthy 
1991) 

If parking lots/garages cannot be avoided, surround these by small 
blocks (intersections occurring every 48 meters or 160ft) 

(Jacobs 1961) 

Surrounding areas of parking lots must have diverse services (e.g., 
shops, restaurants) 

(Jacobs 1961) 

Sharing parking between uses can significantly reduce the parking 
area requirements 

(Barnett 2003; Montgomery 
2013) 

Screen or hide parking behind landscaping (Barnett 2003) 
Locate parking and drop-off areas along secondary streets but within 
blocks of primary streets 

(Barnett 2003) 

 
 
 
3.7 Experience 

 
 

This category is usually described as the appeal of the place (Handy et al. 2002) and it 

includes all neighborhood design elements that may affect how people feel while 

walking or biking. It includes sensory attributes such as (a) streetscape, (b) aesthetics, 

(c) thermal comfort, (d) way-finding, (e) slope, (f) fumes/noise, and (g) dogs (Table 7).  

3.7.1 Streetscape  
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Sensory aspects are very important for walkability. According to Massengale and Dover 

(2014), the streetscape is a fundamental element of a walkable street because it defines 

the outdoor space by bringing buildings close to the sidewalks and providing a sense of 

enclosure. The streetscape is measured by the building height-to-street width ratio (there 

is one unit of building height to three units of street width), where 1:3 is the threshold of 

a proportional streetscape (Massengale and Dover 2014) (Figure A10). LEED-ND 

recommends this same ratio for the streets of a certified neighborhood. Ratios where 

building height is even higher (or street width is shorter) such as 1:2 and 1:1 are 

encouraged, whereas ratios where street width is larger (wide streets with low rise 

buildings) such as 1:4 or 1:5 are not recommended (Massengale and Dover 2014). In 

order to maintain the streetscape, Massengale and Dover (2014) recommend avoid 

empty lots or low rise buildings in high-rise streets, which are known as gaps in the 

street wall. 

 
Figure A10. Building-height-to-street-width ratio of 1:3. There is 1 unit of building 
height for every 3 units of street width. Dashed squares show one square for the building 
height and 3 dashed squares for the street width. This is the least recommended ratio for 
the streetscape according to LEED-ND and Massengale and Dover (2014). 
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3.7.2 Aesthetics 

The aesthetics of a neighborhood can enhance walkability, and can be accomplished by 

including vegetation, particularly trees, along sidewalks because vegetation provides 

visual elements and unifies the street (Massengale and Dover, 2014).  Trees are also 

important for stormwater management in their role in helping prevent flooding, which is 

indirectly linked to walking. Decreasing flooding increases walkability during rainy 

days. According to MacDonagh (2014), a few mature trees are more important than 

multiple small trees in terms of stormwater management because the canopy captures 

rainfall before it reaches the ground, reducing the stormwater volume the infrastructure 

must handle, decreasing the risk of flooding. MacDonagh (2014), also recommends 

planting a diversity of tree species which increases the overall aesthetics and helps avoid 

comprehensive tree mortality risk in case of an event that affects a type of tree. 

The visual interest of pedestrians can also be enhanced through the visual diversity 

provided by transparent store fronts (Barnett 2003). LEED-ND offers credit points for 

store front transparency and windows are not shuttered at night. Maintenance is also 

suggested to provide clean sidewalks free of trash and graffiti (Gidlow et al.2012; 

Montgomery 2013). Massengale and Dover (2014) recommend awnings, marquees, 

arcades or galleries on the street. 

Human activity is the best attraction in a city (Montgomery 2013). Adding high quality 

street furniture can also add to the walking experience. People enjoy watching other 
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people pass-by, so furniture like benches facing the passing crowd are recommended 

(Montgomery 2013).  

Another important aspect of aesthetics is the heritage of the place. Jacobs (1961), 

suggests the mix of different types of buildings and a mix of building ages for city 

vitality. It is important not to demolish historic buildings and protect cultural landscapes. 

LEED-ND gives credit points for the preservation and adaptive reuse of historic 

resources. 

3.7.3 Thermal comfort  

Thermal comfort is an essential design element that can influence the use of outdoor 

spaces (Bruse 2007), and therefore walkability. Trees provide multiple benefits 

associated with thermal comfort. They reduce the urban heat island effect (UHI) by 

providing shade and decreasing solar radiation on the streets (Shashua-Bar et al. 2011). 

Mahmoud (2011) recommends the use of deciduous trees for thermal comfort in cities 

because they provide shade during the summer months, while allowing solar radiation to 

reach the streets during the winter months. LEED-ND recommends light colored 

surfaces and green roofs because these elements decrease the UHI effect, enhancing 

thermal comfort. Other neighborhood design elements for thermal comfort include the 

use of high-rise towers that provide shade to the street, by blocking solar radiation 

(Pearlmutter et al. 2007), water-bodies such as fountains, and shading devices such as 

awnings (Mahmoud 2011).  
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3.7.4 Way finding 

Getting lost can be a very stressful, and the risk of getting lost can actually impede 

walkability.  The design of the built environment plays a major role in way-finding and 

walkability (Sullivan and Chang 2011). A legible neighborhood that has distinct 

qualities (e.g., landmarks) provide emotional security and invites exploration (Sullivan 

and Chang 2011). Jacobs (1961) suggests including radically different uses on a street 

(for example, a coffee shop within a residential-only street) can provide a landmark and 

a focal point that can help people find their way. Sullivan and Chang (2011) and Barton 

et al. (2003) recommend parks, distinctive buildings, clear edges, pathways, and 

appropriate signage. Also, landmarks or artworks at key vista points or axial termini 

and corners can help people find their way (Barnett 2003; Barton et al. 2003; 

Massengale 2014).  

3.7.5 Slope 

Conflicting findings for research on the influence of slope suggested both positive and 

negative impacts on walkability. Slope is considered as a negative neighborhood design 

element for walkability particularly in studies from the physical activity domain where it 

is viewed as something that discourages walking (Cerin et al. 2006; Nickols-Richardson 

2007), and steep slope can pose a safety hazard for cyclists (Asadi-Shekari et al. 2015). 

LEED-ND recommends the avoidance of steep slopes (>15%) in order to minimize 

erosion and preserve natural landscapes. However, hilly streets are considered 

interesting aesthetically in research from the architecture domain (Massengale and 
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Dover 2014). More research is recommended on slope thresholds for motivating or 

demotivating physical activity. 

3.7.6 Fumes/noise 

Fumes refer to non-desirable odors that negatively affect physical activity and 

walkability (Barton et al. 2003). Fumes can come from many sources in cities including 

motor vehicles, industries, and garbage. Neighborhood design elements for addressing 

fumes include the inclusion of trees and vegetation on the streets in order to increase air 

quality (Robitu et al. 2006). 

Urban noise, which predominantly comes from traffic is also a non-desirable element for 

walking. Like fumes, noise can be reduced by vegetation (Chu et al. 2004). 

3.7.7 Dogs 

Dogs influence walkability in positive and negative ways. On the positive side, dog 

ownership has been correlated with higher level of physical activity; and the built 

environment can be designed to provide a dog-supportive environment that can increase 

the likelihood of people walking their dogs (Westgarth et al. 2014). Although 47 percent 

of the households is the U.S. own a dog, only about 60 percent of dog-owners walk their 

dog (Westgarth et al. 2014). A literature review by Westgarth et al. (2014), identified 

neighborhood design elements that have the potential to increase dog-walking that 

include: walkable neighborhoods, living in attached housing, the provision of off-leash 

areas, and dog-related infrastructure (e.g., dog litter bags, bins, signage, accessible water 
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sources, separation from children’s areas, well-fenced parks not located near busy 

roads). 

On the negative side, there are some safety concerns related to dog-walking. Although 

some studies indicate that walking with a dog increases feelings of safety, other studies 

show the opposite, that walking a dog is associated with general safety concerns, 

particularly in females (Westgarth et al. 2014). In addition, some studies have found 

dogs as a barrier for walking, caused by concern for stray and/or loose dogs, dog waste, 

potential injury through falls or bites, potential impact with wildlife (Westgarth et al. 

2014).  

Table A7. Those factors which impact the experience of walking can be modified to 
enhance walkability.  Those already considered at some level in the certification process 
are denoted with LEED-ND. 
Neighborhood design elements Citations  
Streetscape 
Building-height-to-street-width ratio of 1:3 (LEED-ND; Massengale 

and Dover 2014) 
Avoid gaps in the street wall (empty lots or low rise buildings in high-rise 
street) 

(Massengale and Dover 
2014) 

Aesthetics 
Include trees along most of the length of the sidewalks at intervals of no 
more than 50 feet (12 meters) 

(Barton et al. 2003; 
LEED-ND; Montgomery 
2013; Shashua-Bar et al. 
2011) 

Maximize store-front transparency to create visual interest and void 
shutting windows at night. 
 

(Barnett 2003; LEED-
ND) 

Include a diversity of building types and ages. Provide affordable housing.  (Jacobs 1961, LEED-ND) 
Preserve historic resources  (LEED-ND) 
Provide 2 units of soil per 1 unit of tree height to allow trees to grow big 
and tall 

(LEED-ND; MacDonagh 
2014) 

Include a green infrastructure and a diversity of tree species to reduce risk 
of flooding 

(LEED-ND; MacDonagh 
2014) 

Include landscaping along sidewalks and other outdoor areas (Handy et al. 2002; 
Mahmoud 2011; Terrell 
Dixon 2003) 

Insure clean streets (e.g., cleaning programs) to avoid trash and graffiti (Gidlow et al. 2012; 
Montgomery 2013) 
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For high-intensity streets, add “unifiers” such as trees spaced uniformly, 
pavements with strong patterns, or colored awnings 

(Jacobs 1961) trees 
(Jacobs 1961; Massengale 
and Dover 2014) 

For low-intensity streets, avoid “sameness” by using different design of 
facades and different building types 

(Jacobs 1961) 

Add street furniture such as benches facing passing crowds (Handy et al. 2002; 
Montgomery 2013) 

Provide awnings, marquees, arcades or galleries on the streets (Massengale and Dover 
2014) 

Provide continuous maintenance to vegetation (Wolfe and Mennis 2012) 
Thermal comfort 
Provide shade on at least 50% of the hardscape (e.g., plants that provide 
shade) 

(LEED-ND; Massengale 
and Dover 2014; 
Shashua-Bar et al. 2011) 

Provide shade on the hardscape with a light colored roof finish (or SR of at 
least 0.28) 

(LEED-ND; Shashua-Bar 
et al. 2011) 

Use paving materials that are light-colored (SR of at least 0.28) (LEED-ND; Shashua-Bar 
et al. 2011) 

Low-slope roofs must have an initial SRI of 82 and steep-slope roofs must 
have an initial SRI of 39 

(LEED-ND; Shashua-Bar 
et al. 2011) 

Include vegetated roofs on at least 50% of the total roof area (LEED-ND) 
Include water bodies in outdoor spaces. Limit development within 50 ft of 
existing wetlands and 100 ft of existing water bodies 

(LEED-ND; Mahmoud 
2011) 

Include shading devices such as awnings in sidewalks (Barnett 2003; LEED-
ND; Mahmoud 2011) 

Include high-rise buildings (or a building-height-to-street-width ratio of at 
least 1:3) to provide shade to the streets 

(Barnett 2003; LEED-
ND; Pearlmutter et al. 
2007) 

Include deciduous trees (Mahmoud 2011) 
Way-finding 
Include landmarks or artworks at key vista points or axial termini and 
corners 
 

(Barnett 2003; Barton et 
al. 2003; Massengale and 
Dover 2014) 

Include radically different uses to increase landmarks and focal points (Jacobs 1961) 
Include appropriate signage, clear edges, distinctive buildings, and 
pathways to help people find their way 

(Barton et al. 2003; 
Sullivan and Chang 2011) 

Slope 
Low slopes (<15%) are desirable  (Asadi-Shekari et al. 

2015; Barton et al. 2003; 
Jacobs 1961)  

Include hilly streets  (Massengale and Dover 
2014) 

Fumes/noise 
Include large areas of vegetation on heavy-traffic streets to improve air 
quality and reduce noise and fumes 

Air quality (Robitu et al. 
2006), noise (Chu et al. 
2004), fumes (Barton et 
al. 2003) 

Dogs 
Include high fences in dog areas away from children’s areas and busy roads  (Westgarth et al. 2014) 
Provide dog-related infrastructure (e.g., dog litter bags, bins, signage, 
accessible water sources) 

(Westgarth et al. 2014) 
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3.8 Greenspace 

Multiple studies have linked wellbeing to the proximity and access to greenspace 

(Herrick 2009; Jackson 2003; Sandifer et al. 2015). Proximity and access to greenspace 

in walkable neighborhoods has been identified as a catalyst for activity and health 

(Herrick 2009), and is a correlate for dog-walking (Westgarth et al. 2014). While 

greenspace has been considered in the land-use category as one of the services or 

destinations for walking, it contributes in numerous other ways to walkability that can be 

enhanced through neighborhood design (Table A8).  

Barton and colleagues (2003) state that there must be a diversity of greenspace options 

at different distances from homes in order to effectively enhance the walkability of a 

neighborhood. They suggest a “local area of play” within one-minute walk (or 100 m) 

from every home. This area is a play space for children but not a tot-lot (a small, 

structured playground) per se. It is green, relatively unstructured (and thus more 

natural), safeguarded from traffic and overlooked by dwellings. Within 400 m from 

every home, they recommend a combined greenspace and playground (known as a “kick 

about” area maybe up of informal green spaces and hard surfaces larger than 2 ha that 

allow ball games).  They prescribe a park within 600m, playing fields within 1000m, 

and natural (fully unstructured) greenspace within 1,500m. The authors suggest a 

communal garden with playspace where permaculture activities can be combined with 

basketball areas, picnic areas, etc. close to every home. The authors warn against 
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SLOAP -- or space left, over after planning- which refers to land allocated for play in 

inaccessible locations. Overall, the authors state that the value of greenspace is enhanced 

when these spaces are linked together because they maintain the ecosystem in 

equilibrium. Montgomery (2013) also suggests greenspace be included in neighborhood 

design at a range of sizes: small, medium, large and extra-large, in order for the human 

ecosystem to be complete. 

Not all greenspace increase walkability. According to Jacobs (1961), large neighborhood 

parks can be isolated places that foster crime, and large parks result in more air pollution 

because it causes linger automobile trips. Whyte (1970) agrees that some greenspace can 

be oppressive and dull. There is an important relationship between greenspace and 

crime, where maintenance is the key factor to consider. According to Wolfe and Mennis 

(2012), the presence of vegetation may encourage crime because it provides 

concealment to the robbers, thieves and burglars; however well-maintained vegetation is 

inversely related to some types of crimes including assault, robbery and burglary. 

Maintenance is a key factor on whether vegetation portrays a message of social control 

(well-maintained greenspace) or no surveillance and no social authority (badly-

maintained greenspace including empty lots) (Wolfe and Mennis 2012). Gidlow et al. 

(2012) also found that the quality of outdoor spaces was a determinant of its use. 

Not only maintenance determine the effect of greenspace on crime and walkability, 

design can contribute to it benefits. Jacobs (1961) offers detailed recommendations for 

the design of a greenspace. As is the case with other services in the city, Jacobs prefers 
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small parks over large parks and strongly suggests that the boundary of the park include 

small blocks (multiple intersections), with buildings with shops related to park uses 

(e.g., bike rentals, kite stores), and vendors that are allowed to work inside the park 

mostly on the boundaries. The south side of the park should contain low-height 

buildings that allow the sun during winter months (Jacobs 1961). She states that the 

design of the park must allow multiple uses (e.g., kite flying, bike riding, sports, cultural 

events, picnic areas) and suggests a central crossroad that clearly translates as the center 

of the park to facilitate way-finding. Jacobs also recommends a change on the ground 

levels of the park (hilly vs. valley areas) and the grouping of trees that provide 

distinctive features, which can also improve way-finding. According to Africa et al. 

(2014), high species diversity in greenspace in a savanna-like landscape increase the 

restorative benefits of nature. 

Although playgrounds (or tot-lots) are thought to encourage physical activity (Sallis et 

al. 2011), these spaces are seldom used. According to Jacobs (1961), children’s 

playgrounds attract children for a few years in their childhood, and that the incidental 

play of children (that occurs mostly on the sidewalks) is more rewarding. More recently, 

Mahdjoubi (2014) showed that playgrounds are rarely used more than 30 minutes per 

week, mainly because children require a chaperone, whereas informal settings (e.g., 

sidewalks), where the incidental play occurred (unaccompanied by an adult), had the 

highest frequency of use.  

Table A8. Greenspace encompasses a number of neighborhood design elements that 
current research suggests must be considered in order to maximize walkability. Those 
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already considered at some level in the certification process are denoted with LEED-
ND. 

Neighborhood design elements Citations 
Leave a portion of the site of 10-20% that has not been developed 
undisturbed in order to maintain native vegetation and pervious surfaces 

(LEED-ND; Whyte 
1970)) 

Provide an accessible greenspace to all homes (Barton et al. 2003; Chu 
et al. 2004; Dempsey et 
al. 2012; Francis et al 
2012; LEED-ND; 
Wood, and Knuiman 
2012) 

Locate an outdoor or indoor public recreational facility of at least 0.40ha 
(1acre) for outdoors and 0.23ha (25,000ft) for indoors within 0.80km (½ 
m) of 90% of the dwelling units 

(LEED-ND) 

Outdoor facility must include tot-lots for children, swimming pools and 
sports fields 

(Jacobs 1961; LEED-
ND; Mahdjoubi 2014) 

Provide an accessible 2ha (4.9acres) greenspace no more than 300m from 
100% of dwelling units. 

(Handley et al. 2003) 

Provide at least 1 accessible 20ha (49.4acres) greenspace within 2km 
(1.24m 

(Handley et al. 2003) 

Provide at least 1 accessible 100ha (247.1acres) greenspace within 5km 
(3.1m) 

(Handley et al. 2003) 

Provide at least 1 accessible 500ha (1,235.5acres) greenspace within 
10km 

(Handley et al. 2003) 

Greenspace must be surrounded by a variety of shops and include inside 
vendors; all working different hours 

(Jacobs 1961) 

Avoid “superblocks” in surroundings of greenspace by including 
multiple public intersections with accesses to houses and stores 

(Jacobs 1961) 

Greenspace must promote a variety of uses by changing the rise in the 
ground, the grouping of trees and the openings leading to various focal 
points 

(Jacobs 1961) 

Design the greenspace so that it includes a center as a main crossroad (Jacobs 1961) 
Greenspace must have a variety of sun exposure (shaded vs. sunny areas) (Jacobs 1961) 
Greenspace must include spaces for cultural events (Jacobs 1961) 
Greenspace must include spaces for several activities like biking 
(washing, renting, repair), kite-flying (buying, repair), bar-b-ques, and 
ice-skating (cold weather) 

(Jacobs 1961) 

There must be vegetation (nature) throughout the entire neighborhood 
and accessible to all homes 

(Chu et al. 2004; Clark 
et al. 2010; Jackson, 
2003; Kahn, et al. 2002; 
Terrell Dixon 2003) 

Promote businesses that sell products related to uses inside the 
greenspace and locate these vendors along the borders of the grrenspace 
(e.g., bike rentals, kite shops, food trucks) 

(Jacobs 1961) 

Regulate the low-height of buildings on the south side of greenspace to 
allow the sun during winter months 

(Jacobs 1961) 

Include sheds for vendors’ carts on bordering streets of parks (Jacobs 1961) 
Locate a neighborhood park at the end of streets to discourage 
automobile-use 

(Jacobs 1961) 

Locate a greenspace close to high-rise towers so that all units have a (Gifford 2014) 
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view of nature 
Avoid playgrounds or locate them where parents can do alternative 
activities while watching the kids 

(Jacobs 1961; 
Mahdjoubi 2014) 

Link the greenspaces together by integrating nature into the 
neighborhoods 

(Barton et al.,2003) 

Include greenspace with high biodiversity (Africa et al. 2014) 
Provide continuous maintenance to vegetation (Wolfe and Mennis 

2012) 
Provide dog-related infrastructure (Westgarth et al. 2014) 
Include well-fenced areas for off-leashed dogs, away from children’s 
play areas 

(Westgarth et al.  2014) 

 
 
3.9 Community 

 

This category refers to the neighborhood design elements that encourage activities in 

neighborhoods that may lead to social interactions among diverse populations and 

increase the sense of community (Table A9). Montgomery (2013) calls for spaces in the 

city that allow social interactions in order to provide opportunities for sitting and talking 

to other people, and looking at other people encourage social ties and this make people 

happier. Sense of community has been correlated with both walking for transportation 

(French et al. 2014) and walking for recreation (Wood et al. 2010). Where there is a 

sense of community, there tends to be more walking and vice versa.  

Social diversity is an essential element of a livable city and walkability (Jacobs 1961), 

and neighborhood design has the potential to increase diversity. Neighborhood design 

elements that increase walkability through social diversity include a diversity of housing 

types (combining single-family houses, apartment buildings, row-houses) (Barton et al. 

2003), and the inclusion of affordable housing throughout the neighborhood (Barnett 

2003) It is also important to include ageing populations throughout the neighborhood 

and avoid concentrating them in separate communities; since most people want to live in 
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their homes as long as possible (Stafford 2014). Moreover, social inclusion can be 

enhanced with well-lit public open spaces that allow people to see and to be seen at 

night, access to transit systems, and proximity to places such as community centers, 

shops, churches, and parks (Johnson and Miles 2014). The presence of trees has been 

found correlated to social cohesion in neighborhoods that are perceived as safe from 

crime (Bjornstrom and Ralston 2014). LEED-ND gives points for the inclusion of 

affordable housing and outdoor civic spaces in the certification system. 

Shared outdoor areas are related to sense of community and walkability. According to 

Kearney (2006), sense of community is related to the frequency of use of outdoor-shared 

areas. Neighborhoods that share facilities are related to higher sense of community (e.g., 

pool, community center, open space) (Kearney 2006). Other examples of a shared 

outdoor space that facilitate social interaction with neighbors include permaculture or 

community gardens (Barton et al. 2003; Briennan 2003; LEED-ND),  

One of the most important qualities of a livable city, according to Jacobs (1961), is the 

adult supervision of children while attending to their regular activities that is while 

shopping, walking, selling, working, etc. For this, she suggests irregularities to the 

building line to create niches for the incidental play of children along wide sidewalks.  

Neighborhood design affects sense of community, but not all design elements of 

walkable neighborhoods are associated with a higher sense of community. According to 

(Wood et al. 2010), pedestrian friendly streets that provide street frontage instead of 

parking lots – a neighborhood design element of walkability - are more likely to host 
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sense of community. On the other hand, French et al. (2014) found that high density – 

also a neighborhood design element of walkability- is negatively correlated with sense 

of community. More research is recommended on optimal densities for sense of 

community. 

Neighborhood design affects sense of community, but not all design elements of 

walkable neighborhoods are associated with a higher sense of community. According to 

(Wood et al. 2010), pedestrian friendly streets that provide street frontage instead of 

parking lots – a neighborhood design element of walkability - are more likely to host 

sense of community. On the other hand, French et al. (2014) found that high density – 

also a neighborhood design element of walkability- is negatively correlated with sense 

of community. More research is recommended on optimal densities for sense of 

community. 

Building the sense of community can also be built into the planning process. The 

organization of the neighbors through a governing body (e.g., neighborhood association) 

is also recommended (Jacobs 1961) and the inclusion of neighbors in the design of the 

neighborhood or any renovation project is also strongly suggested and this can be done 

through open meetings or charrettes (Hiss 2003). Barton et al. (2003), emphasize the 

“co-operative principle” where residents are actively committed to work in conjunction 

to the public and private sectors on neighborhood projects or simply exchange open 

communication and consultation.  

Table A9. Community encompasses a number of neighborhood design elements that 
current research suggests must be considered in order to maximize walkability. Those 
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already considered at some level in the certification process are denoted with LEED-
ND. 
Neighborhood design elements Citations  
Include a diversity of housing types (Barton et al. 2003; 

Jacobs 1961; LEED-ND 
Stafford 2014) 

Include affordable housing (Barton et al. 2003; 
LEED-ND; Powell 2003) 

Increase the proportion of areas usable by people of diverse abilities (LEED-ND 
Advertise an open community meeting and solicit their input on the design (LEED-ND) 
Conduct a charrette of at least 2 days open to the public to get input on the 
design 

(Barton et al. 2003; Hiss 
2003; LEED-ND) 

Dedicate space for food production within the neighborhood (Barton et al. 2003; 
Briennan 2003;LEED-
ND) 

Provide an accessible civic space of at least 0.67ha (1/6 acre) within ¼ mile 
of 90% of the homes. For projects larger than 10 acres must have a space of 
at least 0.4 hectares (1 acre)  

(LEED-ND) 

The proportion of the civic space must not be narrower than 1 unit of width 
to 4 units of length 

(LEED-ND) 

Include trees (Bjornstrom and Ralston 
2014: LEED-ND) 

Provide public spaces (e.g., community center, churches, parks)  (Johnson and Miles 2014: 
LEED-ND) 

Promote a self-governing body or neighborhood association (Jacobs 1961) 
Add irregularities to the building line along sidewalks to create niches that 
allow incidental play for children 

(Jacobs 1961) 

Avoid blacklisting neighborhoods for renovation credits (Jacobs 1961) 
Include a variety of dwelling units sizes in high-rise buildings (2 & 3 
bedroom units) that can accommodate families 

(Gifford 2014) 

Include shared outdoor spaces (e.g., shared facilities, open space) (Kearney 2006) 
 
 

A4: DISCUSSION AND CONCLUSION 

A review of the salient literature reveals that there are numerous points of entry into 

neighborhood design, with considerable evidence on how associated design elements 

can be approached to enhance walkability (Table A10).  

When the connectivity-focused neighborhood design elements summarized in Table 1 

are taken together, it is clear that current research suggests that a grid street network 
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with multiple intersections and small blocks and neighborhoods that avoid gates and 

fences and dead-end streets are critical neighborhood design elements for walkability. 

The research to-date on how land-use influences walkability suggests that residential 

zoning is not enough to ensure that design promotes walking. Mixed-use neighborhoods 

are critical for walkability and the link between physical and activity and nutrition must 

be considered as much as mobility so that healthy foods are accessible. Other 

components that are essential are the proximity of schools, child-care facilities, 

bus/transit stops, and restaurants. 

Current research suggests that high density is an essential element of walkability. 

However, in order to avoid oppressive feelings that excessive and highly proximate 

structures can cause, research recommends maintaining the pedestrian scale at the street 

level. 

Designing streets that provide safety from traffic and give supremacy to the pedestrians 

and cyclists over automobiles increases walkability. This means it is necessary to devote 

space and provide infrastructure for ample sidewalks and bike lanes buffered from 

traffic. Providing safe and comfortable bus stops with a frequent and reliable service 

connects pedestrians and cyclists to the rest of the city, increasing walkability. Also, 

slower traffic increases safety and it can be done through a variety of traffic calming 

treatments. 
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The research to-date on how surveillance influence walkability suggests that buildings 

have to be oriented towards the street so that it allows people from inside the buildings 

to watch the streets.  

Decreasing the amount of parking area enhances walkability. If parking is unavoidable, 

locating parking on street so that it buffers the sidewalk from the road, or at the rear of 

buildings, or in the basement of buildings can increase walkability. Also, minimizing at-

grade crossings and implementing programs that decrease parking enhances walkability.  

A pleasant walking experience enhances walkability, and this can be achieved by 

addressing the streetscape, aesthetics, thermal comfort, way-finding, slope, fumes/noise, 

and dogs. Trees are the most important design element because they provide aesthetic 

elements, thermal comfort, improve air quality, and reduce noise and the risk of 

flooding; all of which enhance walkability.  

Current research suggests that walkable neighborhoods must include a variety of 

greenspace at different distances from homes. A greenspace that allows multiple uses 

and is surrounded by small blocks and with functionally related services is 

recommended for walkability. 

Finally, it is essential for walkability to provide spaces for social interactions within the 

neighborhood, increase diversity and encourage neighbors’ participation in the decision 

making process of the community. 

Table A10. The nine neighborhood design categories that together compose walkability 
in the built environment. 
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Neighborhood 
Design Categories 

Summary Examples of neighborhood design 
elements 

Connectivity Provide a street network that gives 
multiple direct and short routes. 

Include: 
• Grid street network  
• Multiple 4-way intersections 
Avoid: 
• Dead end streets 
• Busy intersections 
• Gates and fences 
 

Land-use Mix land uses so that there are 
multiple destinations for walking. 

• Locate small size services within ½ 
mile from homes 

• Must include: food stores with produce, 
schools and child-care facilities, 
bus/transit stops, and restaurants 

• Desirable to include museums and 
theaters 

Density  Neighborhoods must have a high 
residential and retail density 
maintaining the pedestrian scale at 
the street level. 

• Include different types of housing 
options (e.g., townhomes, apartments) 

• Push high-rise tower away from street 
line in a podium way 

Traffic safety Give pedestrians and cyclists 
supremacy over cars in the streets. 
Also, provide safe and comfortable 
bus stops and a frequent and 
reliable bus service, and slow 
traffic down using traffic calming 
treatments. 

• Provide ample sidewalks and bike lanes 
• Buffer sidewalks and bike lanes with a 

strip of vegetation and on-street parking 
• Implement traffic calming treatments 

(speed bumps, pedestrian only streets, 
speed limit signage) 

• Bus stops must have a sitting area 
covered and safe 

• Provide a frequent and reliable bus 
service that connects to the rest of the 
city 

Surveillance  Design buildings so that people 
from inside the buildings can 
watch pedestrians on the streets. 
 

• Locate building close to the street 
• Orient building entries towards street at 

short intervals 
• Windows must be located towards the 

street at pedestrian level with clear 
glass 

• Include front porches, balconies, and 
outdoor cafes overlooking the street 

• Provide lighting 
Parking  Decrease parking availability and 

locate parking away from streets. 
• Employers provide incentives for car 

sharing programs and the use of 
alternative modes of transportation 

• Locate parking behind buildings or in 
basements with entries towards 
secondary streets 

Experience  Provide a pleasant walking and 
biking experience by addressing 
the streetscape, aesthetics, way 

• Include trees and vegetation along the 
streets, water bodies, landmarks, 
signage, high fences,  
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finding, thermal comfort, slope, 
fumes, and dogs. 

• Locate garbage containers away from 
the sidewalks 

• Implement maintenance and cleaning 
programs for trash, graffiti, and 
evenness of sidewalks 

Greenspace  Include a variety of greenspace in 
size and proximity with easy 
access. 

• Include greenspace at 1 min walk, 5 
minute walk, and 10 minute walk from 
homes and in a variety of sizes.  

• All homes must have a view of nature 
Community  Provide spaces for social 

interactions within the 
neighborhood, increase diversity 
and encourage neighbors’ 
participation in the decision 
making process of the community. 

• Include a civic space, community 
center, shared facilities, permaculture 
garden, and spaces for community 
gathering within the neighborhood 

• Include affordable housing 
• Encourage neighbors participation in 

organizations 
 

This analysis provided important insights for walkability particularly with regards to the 

interrelationship between the neighborhood design elements and the interdependence of 

the categories. The interrelationship between the neighborhood design elements means 

that multiple neighborhood design elements can fit in more than one category. For 

example, the provision of trees fit in the experience category because trees provide 

shade (thermal comfort), and they also provide natural sights (aesthetics), increase air 

quality (fumes), and reduce noise and flooding risk. However, trees also provide traffic 

safety when they are placed on a strip of vegetation that buffers sidewalks from the road, 

and they slow down traffic when located in the middle of streets (traffic safety). In 

addition, trees are essential for wellbeing as described in the greenspace section; are 

correlated to social cohesion, as described in the community category; and trees are 

correlated to lower levels of crime, as described in the surveillance category. So trees are 

a critical neighborhood design element for walkable neighborhoods. Another example of 

interrelation between neighborhood design elements is having retail on the ground floor 
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of buildings. This is part of the land-use category as destinations for walking, but shops 

and restaurants that have clear glass windows are part of the surveillance category, and 

having storefront transparency provides interesting views to pedestrians providing 

aesthetic elements from the experience category. Thus retail on the ground floor of 

buildings are interrelated. 

In addition to the interrelation of the neighborhood design elements, we found the 

interdependence of the categories, which means that a category cannot exist 

independently from the others. For example, following Jacobs (1961), people will walk 

when they feel safe from crime and in order to feel safe, there must be many people on 

the streets and watching from inside the buildings at all times (surveillance). In order to 

have people on the streets, there must be destinations to go to that are located in close 

proximity, which means there must be a diversity of land-uses, or mix-use (land-use). In 

turn, commercial businesses (or services) can only be sustained through high densities 

that host enough people to support the diversity of services (density). For example, a 

small corner store needs 800 dwelling units nearby in order to be profitable 

(Montgomery 2013). This relationship shows that land-use mix, high residential density, 

and the design of buildings that allow people to watch the streets, or surveillance, are all 

together essential for walking and one cannot exist without the others. 

These two aspects of walkability are important because it means that it is not enough to 

design a high-density mixed-use development in order to have walkability, it is essential 
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to also consider connectivity, surveillance, greenspace, community, experience, no 

parking, and traffic safety. 

In order to represent these two aspects of walkability, the interrelationship between the 

neighborhood design elements, and the interdependence between the categories, we 

produced a conceptual figure that consists of all the categories linked by a circle. The 

line represents the interrelationship of the neighborhood design elements and the circle 

represents that all the categories are important and none can exist without the rest 

(Figure A11).  

 

 
 
Figure A11: The Walkability Framework shows the interrelation between the nine 
neighborhood design categories that when combined together result in walkability. 
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More research is recommended on the effects of access to freeways on physical activity, 

the slope threshold for walking and biking, the density threshold for sense of 

community, and the safety effects of countdown timers in traffic lights.  

The Walkability Framework, through the tables, provides specific neighborhood design 

elements that can serve as design guidelines for walkable neighborhoods. This 

framework can be developed into a model that can assess walkability in a neighborhood 

by giving values to each category, and adding them together to obtain a quantitative 

assessment that can be compared with other neighborhoods. This can lead to the design 

of healthy communities. 
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B1: ABSTRACT 
 

The influence of built environment on the amount of physical activity that people do as 

part of their daily routines is referred to as walkability. Prevailing city design in the U.S. 

and other countries has created sedentary societies that depend on the use of 

automobiles. This has been a major concern for architects, urban designers and land 

planners, leading to new theories in urban design that attempt to address the concerns 

that have emerged. These design theories, including New Urbanism and Smart Growth, 

have been incorporated into the Leadership for Energy and Environmental Design for 

Neighborhood Development (LEED-ND) certification system that has been adopted by 

several U.S. municipalities as a way to ensure sustainability through design, including 

elements that encourage lifestyle changes that improve human wellbeing while 

simultaneously reducing the demands on the environment. Despite these positive 

developments, the findings of relevant research from other domains (of physical activity, 

land planning, transportation, thermal comfort, and public health and the built 

environment) have not been fully integrated into LEED-ND. During the first stage of 

this review, those research findings were organized and compiled into a walkability 

conceptual framework designed to facilitate their use by architects and planners. This 

second stage applies the Walkability Framework to LEED-ND in order to identify gaps 

and strengths, and propose potential enhancements to this certification system that more 

comprehensively reflect what is known about walkability and neighborhood design from 

the integrated perspectives of multiple disciplines. This work helps bridge the research 
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into practice so that LEED-ND can be enhanced to more effectively influence how 

design can lead to more active and healthier societies. 

Keywords: walkability, LEED-ND, greenspace, urban design, wellbeing 
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B2: INTRODUCTION 

Architects, urban designers and land planners have recognized that the design of cities 

can contribute to the challenges faced in urban societies, including the trend towards a 

more sedentary society which has been linked to automobile-centric design (Frank et al. 

2003; Jackson 2011). The U.S. Green Building Council created the Leadership for 

Energy and Environmental Design for neighborhood development (LEED-ND) to 

certify sustainable development and provide design guidelines to land planners and 

urban designers that can help reverse the trend of urban sprawl and sedentary societies. 

This study analyzes walkability in LEED-ND using the Walkability Framework that 

integrated findings on walkability from several research domains. We do a quantitative 

and qualitative analysis and we propose a walkability enhanced LEED-ND that we 

called LEED-NDW+ (walkability plus). 

This introductory section is divided into three parts. First, we describe the new theories 

of urban design, we then describe the LEED certification system with an emphasis on 

LEED-ND. Finally we describe the Walkability Framework that is the basis of this 

analysis.  

2.1 New theories in urban design 

Important transformation occurred in the urban design domain in the 1990s which aspire 

to counter the urban sprawl trend and car-dependent societies. Founded in 1993, the 

Congress for New Urbanism (CNU) is an organization composed of public and private 
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sector leaders, activists and professionals from several disciplines committed to the 

participatory planning and design of cities that reduce urban sprawl, promotes equity, 

conservation of agricultural lands and natural environments, and the preservation of the 

built legacy (Barnett 2003). This approach to urban design and the theory that underlies 

are referred to as New Urbanism; the CNU published the Charter for New Urbanism in 

1996. 

Also during the 1990s there was a parallel discussion about readopting the design 

approaches common to the traditional neighborhoods dating from the 1920s. This pre-

World War II design was called “Neo-Traditionalism”. The neo-traditionalists proposed 

mandatory architectural elements in a neighborhood, such as roof pitch, picket fences, 

front yards, and front porches (Barnett 2003).   

Towards the end of the 1990s, urban planning advocates for denser growth in cities that 

discourages urban sprawl and promotes infill development connected with transportation 

systems came up with a clever name for a new theory, “smart growth” (Barnett 2003; 

Loehr 2009).  Smart Growth practices emerged in two parallel ways. The American 

Planning Association launched the “Growing Smart” project that led to the production of  

a legislative guidebook published in 1997 for future, more sustainable development 

(Loehr 2009). Also, in 1997, “The Tool Kit for Smart Growth” was published by the 

Natural Resources Defense Council and the Surface Transportation Policy Project, 

which promoted compact urban design, transit oriented, with a mix of land uses (Loehr 

2009).  
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New Urbanism, Neo-traditionalism and Smart Growth were all part of a trend that began 

as theory and moved into practice.  

One of the most impactful manifestations of this trend was the formation of the U.S. 

Green Building Council (USGBC) in 1993. The USGBC is a non-profit organization 

that promotes sustainable practices in buildings. It is an independent entity that verifies 

that sustainable practices are adopted in the design, construction, operation, and 

maintenance of buildings in the U.S. and internationally (“LEED | USGBC” 2015). In 

2000, the USGBC launched its third-party verification of sustainable architecture or 

“green buildings” through what is known as Leadership for Energy and Environmental 

Design (LEED). Since then, LEED certification has grown exponentially. A certification 

system for neighborhoods was launched in 2009 and currently there are hundreds of 

certified neighborhoods worldwide (USGBC 2015). 

2.2 The LEED initiative and LEED-ND 

The USGBC currently has five assessment tools for certification that include:  (1) 

building design and construction (LEED-BD+C), (2) interior design and construction 

(LEED-ID+C), (3) building operations and maintenance (LEED-B+M), (4) 

neighborhood development (LEED-ND) and (5) homes (LEED-HOMES). While all the 

LEED assessment tools emphasize green building, LEED-ND, places significant 

emphasis on the design of the neighborhood so that site selection as well as the elements 

of design and construction ensure the buildings and infrastructure are linked so as to 

maximize the relationship of the neighborhood to the landscape and the larger local and 
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regional context (Sharifi and Murayama 2013).  Moreover, rather than relying solely on 

regulatory requirements for sustainable neighborhood developments, LEED-ND is 

intended to be a voluntary, market-driven approach with the aim of being a 

comprehensive but readily implementable approach (Garde 2009).  

To ensure practicality, all LEED certifications are based on a simple point-based rating 

system. There are mandatory pre-requisites that a project must comply with and optional 

credits that the project may pursue (“LEED | U.S. Green Building Council” 2015). Each 

credit in LEED has an associated number of points that a project gets if it complies with 

the credit. The total number of points that the project achieves determines the level of 

LEED certification: certification (40-49 points), silver (50-59 points), gold (60-69 

points), and platinum (80 points or more) (Figure B1). 

 
Figure B1. Levels of LEED certification. There are four levels of LEED certification. 
The total number of points that the project earns determined the level of LEED 
certification (“LEED | U.S. Green Building Council” 2015). 
 

In 2009, the USGBC launched its LEED certification system for neighborhood 

developments, known commonly as LEED-ND. LEED-ND integrates the sustainable 
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development theories coming out of New Urbanism thinking and the Smart Growth 

policies that followed, as well as green building certification (Jackson 2003).  LEED-ND 

attempts to address all of the key principles of sustainable urban neighborhood 

development, one of which is to provide compact development and integrated 

sustainable mobility, effectively reducing the need for automobile travel by ensuring 

proximity in and around the neighborhood to those things that are needed on a daily 

basis (e.g., job, school, public and private services and commonly used amenities) are 

within walking distance (Luederitz et al. 2013). The degree to which the built 

environment affects physical activity is referred to as walkability, defined by (Leslie et 

al. 2006)(p.1)  as “the extent to which characteristics of the built environment and land 

use may or may not be conducive to … walking”. By providing points for neighborhood 

design elements that promote pedestrian activity, LEED-ND indirectly encourages 

physical activity through enhanced walkability in neighborhoods (Lewin 2012).  

LEED-ND is divided into five sections: (1) Smart Location and Linkage (SLL), (2) 

Neighborhood Pattern and Design (NPD), (3) Green Infrastructure and Building (GIB), 

and (4) Innovation and Design Process (IN), with additional points that may be earned 

for extra significance in the local area under the optional section (5) Regional Priority 

(RP). There are mandatory prerequisites that must be addressed in each section in order 

to achieve certification and a total of 110 optional points that can get a certification 

starting with 40 minimum points (Table B1).  
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Table B1. LEED-ND version 4 checklist consists of five sections that include pre-
requisites and points for certification (Adapted from (“LEED v4 for Neighborhood 
Development Checklist | U.S. Green Building Council” 2015, 4) 

1. Smart Location & Linkage (SLL) 
Code Type Design Element Possible 

points for 
certification 

SLLp1 Prereq  Smart Location Required 
SLLp2 Prereq  Imperiled Species and Ecological Communities  Required 
SLLp3 Prereq  Wetland and Water Body Conservation Required 
SLLp4 Prereq  Agricultural Land Conservation Required 
SLLp5 Prereq  Floodplain Avoidance Required 
SLLc1 Credit  Preferred Locations 10 
SLLc2 Credit  Brownfield Remediation 2 
SLLc3 Credit  Access to Quality Transit 7 
SLLc4 Credit  Bicycle Facilities  2 
SLLc5 Credit  Housing and Jobs Proximity 3 
SLLc6 Credit  Steep Slope Protection 1 
SLLc7 Credit  Site Design for Habitat or Wetland and Water Body 

Conservation 
1 

SLLc8 Credit  Restoration of Habitat or Wetlands and Water Bodies  1 
SLLc9 Credit  Long-Term Conservation Management of Habitat or Wetlands 

& Water Bodies 
1 

Total 28 
2. Neighborhood Pattern & Design (NPD) 

Code Type Design Element Possible 
points for 

certification 
NPDp1 Prereq  Walkable Streets  Required 
NPDp2 Prereq  Compact Development  Required 
NPDp3 Prereq  Connected and Open Community Required 
NPDc1 Credit  Walkable Streets  9 
NPDc2 Credit  Compact Development  6 
NPDc3 Credit  Mixed-Use Neighborhoods 4 
NPDc4 Credit  Housing Types and Affordability 7 
NPDc5 Credit  Reduced Parking Footprint  1 
NPDc6 Credit  Connected and Open Community 2 
NPDc7 Credit  Transit Facilities  1 
NPDc8 Credit  Transportation Demand Management 2 
NPDc9 Credit  Access to Civic & Public Space 1 
NPDc10 Credit  Access to Recreation Facilities 1 
NPDc11 Credit  Visitability and Universal Design 1 
NPDc12 Credit  Community Outreach and Involvement  2 
NPDc13 Credit  Local Food Production 1 
NPDc14 Credit  Tree-Lined and Shaded Streetscapes 2 
NPDc15 Credit  Neighborhood Schools 1 

Total 41 
3. Green Infrastructure & Buildings (GIB) 

GIBp1 Prereq  Certified Green Building  Required 
GIBp2 Prereq  Minimum Building Energy Performance Required 
GIBp3 Prereq  Indoor Water Use Reduction  Required 
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GIBp4 Prereq  Construction Activity Pollution Prevention Required 
GIBc1 Credit  Certified Green Buildings 5 
GIBc2 Credit  Optimize Building Energy Performance 2 
GIBc3 Credit  Indoor Water Use Reduction 1 
GIBc4 Credit  Outdoor Water Use Reduction 2 
GIBc5 Credit  Building Reuse 1 
GIBc6 Credit  Historic Resource Preservation and Adaptive Reuse 2 
GIBc7 Credit  Minimized Site Disturbance 1 
GIBc8 Credit  Rainwater Management 4 
GIBc9 Credit  Heat Island Reduction 1 
GIBc10 Credit  Solar Orientation 1 
GIBc11 Credit  Renewable Energy Production 3 
GIBc12 Credit  District Heating and Cooling 2 
GIBc13 Credit  Infrastructure Energy Efficiency 1 
GIBc14 Credit  Wastewater Management 2 
GIBc15 Credit  Recycled and Reused Infrastructure 1 
GIBc16 Credit  Solid Waste Management 1 
GIBc17 Credit  Light Pollution Reduction 1 

Total 31 
4. Innovation & Design Process (IDP)  

IDPc1 Credit  Innovation   5 
IDPc2 Credit  LEED® Accredited Professional 1 

Total 6 
5. Regional Priority Credits (RP) 

RPc1 Credit  Regional Priority Credit: Region Defined 1 
RPc2 Credit  Regional Priority Credit: Region Defined 1 
RPc3 Credit  Regional Priority Credit: Region Defined 1 
RPc4 Credit  Regional Priority Credit: Region Defined 1 

Total 4 
TOTAL 110 

 

  

LEED-ND has shown signs of success. Though there are concerns in the development 

and building community, feedback suggests that the goal of making it practical and 

flexible has been met, based on surveys of developers (Garde 2009; Knack 2010; Sharifi 

and Murayama 2014). Moreover, LEED-ND, which began as a voluntary system, has 

been adopted by several authorities as guidelines for urban development as a slow and 

incremental way to change lifestyles that reduce demands on the environment (Lewin 
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2012). As of June 2014 there were 353 LEED-ND projects worldwide listed on the 

USGBC (“Projects | U.S. Green Building Council” 2014). 

The way LEED-ND addresses walkability is viewed as strength, but with some 

reservation. When compared with the application of conceptually similar neighborhood 

sustainability assessment tools used in the United Kingdom and Japan, Sharifi and 

Murayama (2014) found that LEED-ND addressed walkability well, and that when 

applied by developers, walkability played a pivotal role in receiving LEED-ND 

certification. However it is likely the reason for this was based on the low costs of 

implementing the walkability criteria which have relative high weights in LEED-ND. 

The concern is that other important categories which have lower weights and/or greater 

costs are less frequently implemented in projects that received certification (Garde 2009; 

Knack 2010; Sharifi and Murayama 2014).  

There have also been some encouraging results obtained in LEED-ND walkability 

research which found that LEED-ND certified neighborhoods are related to increased 

physical activity. A study by Stevens and Brown (2011) found higher levels moderate-

to-vigorous physical activity (MVPA) in LEED-ND neighborhoods compared to other 

communities. In a similar way, (Gallimore et al. 2011) compared a LEED-ND certified 

neighborhood and a non-LEED-ND certified suburban neighborhood on walking routes 

to school and found that LEED-ND provided better walking conditions for children. 

However, (Napier et al. 2011) note that demographic and municipal policy trends in the 
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U.S. are leading to fewer and larger schools, meaning fewer children will realistically be 

able to walk to school even if LEED-ND calls for safer routes.   

Since the advent of LEED-ND, there has been considerable research on the effects of the 

built environment on walkability and physical activity in research domains outside urban 

design and architecture, including physical activity, transportation, thermal comfort, 

land planning, health, the built environment, and greenspace. LEED-ND is very helpful 

to architects, land planners, and urban designers who wish to design sustainable 

neighborhoods because it provides specific design guidelines (Knack 2010); however, 

this certification has yet not integrated the findings of walkability from these other 

research domains. The purpose of this study is to fill this gap and integrate the findings 

from other research domains into LEED-ND, and to do this in a way that plays to the 

strengths of the certification system (relatively easy to implement and flexible) so that 

the suggested enhancements can be considered not only for their scientific value, but 

their applicability to the current structure of LEED-ND.  

2.3 A Walkability Framework 

The first stage of this research involved a systematic review of the scientific literature in 

multiple disciplines that addresses walkability in the built environment, including 

physical activity, transportation, land planning, thermal comfort, health, the built 

environment. This review also considered LEED-ND as a representative of the 

architecture and urban design domain. The approach used to facilitate linking the 

insights gained from the review into a form that could be put to practical use was the 
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development of conceptual framework focused on walkability in the built environment. 

The resulting Walkability Framework is composed of nine categories: (1) connectivity, 

(2) land-use, (3) density, (4) traffic safety, (5) surveillance, (6) parking, (7) experience, 

(8) greenspace, and (9) community (Table B1; Figure B2). Each category contains a set 

of neighborhood design elements, which refer to individual design features in a 

neighborhood that affect physical activity and human health, all of which were explored 

as part of the literature review conducted in the first stage of this research. 

 

Table B2. The Walkability Framework groups the neighborhood design elements 
related to physical activity into nine categories. 
Walkability 
Categories 

Summary Examples of neighborhood design 
elements 

Connectivity Provide a street network that gives 
multiple direct and short routes. 

Include: 
• Grid street network  
• Multiple 4-way intersections 
Avoid: 
• Dead end streets 
• Busy intersections 
• Gates and fences 
 

Land-use Mix land uses so that there are 
multiple destinations for walking. 

• Locate small size services within ½ 
mile from homes 

• Must include: food stores with produce, 
schools and child-care facilities, 
bus/transit stops, and restaurants 

• Desirable to include museums and 
theaters 

Density  Neighborhoods must have a high 
residential and retail density 
maintaining the pedestrian scale at 
the street level. 

• Include different types of housing 
options (e.g., townhomes, apartments) 

• Push high-rise tower away from street 
line in a podium way  

Traffic safety Give pedestrians and cyclists 
supremacy over cars in the streets. 
Also, provide safe and comfortable 
bus stops and a frequent and 
reliable bus service, and slow 
traffic down using traffic calming 
treatments. 

• Provide ample sidewalks and bike lanes 
• Buffer sidewalks and bike lanes with a 

strip of vegetation and on-street parking 
• Implement traffic calming treatments 

(speed bumps, pedestrian only streets, 
speed limit signage) 

• Bus stops must have a sitting area 
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covered and safe 
• Provide a frequent and reliable bus 

service that connects to the rest of the 
city 

Surveillance  Design buildings so that people 
from inside the buildings can 
watch pedestrians on the streets. 
 

• Locate building close to the street 
• Orient building entries towards street at 

short intervals 
• Windows must be located towards the 

street at pedestrian level with clear 
glass 

• Include front porches, balconies, and 
outdoor cafes overlooking the street 

• Provide lighting 
Parking  Decrease parking availability and 

locate parking away from streets. 
• Employers provide incentives for car 

sharing programs and the use of 
alternative modes of transportation 

• Locate parking behind buildings or in 
basements with entries towards 
secondary streets 

Experience  Provide a pleasant walking and 
biking experience by addressing 
the streetscape, aesthetics, way 
finding, thermal comfort, slope, 
fumes, and dogs. 

• Include trees and vegetation along the 
streets, water bodies, landmarks, 
signage, high fences,  

• Locate garbage containers away from 
the sidewalks 

• Implement maintenance and cleaning 
programs for trash, graffiti, and 
evenness of sidewalks 

Greenspace  Include a variety of greenspace in 
size and proximity with easy 
access. 

• Include greenspace at 1 min walk, 5 
minute walk, and 10 minute walk from 
homes and in a variety of sizes.  

• All homes must have a view of nature 
Community  Provide spaces for social 

interactions within the 
neighborhood, increase diversity 
and encourage neighbors’ 
participation in the decision 
making process of the community. 

• Include a civic space, community 
center, shared facilities, permaculture 
garden, and spaces for community 
gathering within the neighborhood 

• Include affordable housing 
• Encourage neighbors participation in 

organizations 

 

Connectivity refers to how people can move across the urban landscape and it includes 

the street network (grid vs. cul-de-sacs), size of blocks and number of intersections. 

Land-use refers to the proximity of different land uses (e.g., residential, commercial, 

office) that offers destinations for walking. Density refers to both residential density and 
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retail density. Traffic safety refers to the infrastructure provided for pedestrians, cyclists, 

transit users, and elements that slow traffic, or traffic calming treatments. Surveillance 

refers to neighborhood design elements that allow people from inside the building to 

watch the street.  The parking category groups the neighborhood design elements that 

decrease parking areas and places parking away from the streets. Experience includes 

neighborhood design elements that contribute to a pleasant experience while walking or 

biking and includes streetscape, aesthetics, thermal comfort, way finding, slope, fumes, 

cellphone towers, and dogs/wildlife. Greenspace category refers to the provision of 

greenspace in a neighborhood. And community refers to the neighborhood design 

elements that influence community gathering in a neighborhood. More information can 

be found in the literature review. 

 

 
 
Figure B2: The Walkability Framework identified an interrelation and 
interdependence between the nine categories, and this is represented by a circle linking 
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the categories together. All the categories must be considered in the design of a 
neighborhood for walkability. 

 

All the categories (Table B2) are linked by a line representing the interrelation of the 

neighborhood design elements, which means that one element can be part of more than 

one category (Figure B2). For example, a strip of vegetation along the streets provide 

aesthetic elements (natural sights) and it also helps in reducing the urban heat island 

effect, which are part of the experience category, but it also provides a buffer between 

the sidewalk and the road so it is also part of traffic safety. The shape of the circle 

represents the interdependence of the categories where none of them can exist without 

the rest, and all of them are equally important. For example, a connected high-density 

neighborhood that does not include a mix of uses and does not consider greenspace, 

cannot be considered walkable. This framework is the basis for the analysis of LEED-

ND with respect to walkability that forms the basis of this second stage. 

B3: METHODS 

In order to apply the Walkability Framework to LEED-ND, it was first necessary to 

identify the prerequisites and credits in LEED-ND that are related to walkability and 

human health to get the percentage of points in LEED-ND related to walkability. Then, 

we compared LEED-ND with the neighborhood design elements found in each of the 

nine categories in the Walkability Framework. To do this, we added a column to the 

tables from the literature review and identified which prerequisites and credits from 



	   126	  

LEED-ND are related to the neighborhood design elements for each category. This 

analysis identified the gaps and strengths in LEED-ND by locating empty spaces (gaps) 

and filled spaces (strengths) in the LEED-ND column of the tables.  

We then measured the walkability level of LEED-ND for each category. We counted the 

number of neighborhood design elements in each category and adjusted it to a scale of 0 

– 1. This way each neighborhood design element has a comparable value. Finally, we 

added the values for LEED-ND and obtained a total for each table. The totals were 

converted to percentages and this allowed us to compare the level of walkability on 

LEED-ND between categories. 

The literature review in the first stage of this research provided a summary table that 

described the main aspects of each category (Table B1). This summary table was 

analyzed for LEED-ND. We scored LEED-ND by comparing the way in which the 

certification system meets the main aspects of each category and we gave three scores: 

strong, moderate, and weak. Strong scores were given to the categories where LEED-

ND considers the main aspect as a prerequisite and offers multiple points. Moderate 

scores were given to the categories where LEED-ND offers multiple points related to the 

main aspect of the category but not as prerequisites. Finally, weak scores were given to 

the categories where LEED-ND offers very few points for the main aspects of the 

category and does not include these as prerequisites. 

Based on the outcomes of this analysis, we developed a walkability-enhanced LEED-

ND that integrates the main aspects of the categories that originally were derived from 
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the extensive review of relevant literature stemming from the multiple disciplines 

concerned with the impact of the built environment on human wellbeing. We called this 

new certification LEED-NDW+ (walkability plus).  

B4: RESULTS 

The prerequisites and credits in LEED-ND related to walkability and human health 

(Table B3). Walkability is addressed mainly in the first and second LEED-ND sections: 

SLL and NPD with a few credits on the GIB section.  

Table B3: LEED-ND considers walkability in multiple prerequisites and credits. This 
list shows the pre-requisites and credits related to walkability in LEED-ND (downloaded 
and modified from (“LEED v4 for Neighborhood Development Checklist | U.S. Green 
Building Council” 2015, 4). 

Smart Location & Linkage (SLL) 
Code Type Design Element Possible 

points for 
certification 

SLLp1 Prereq  Smart Location 
Options: 
1. Infill sites 
2. Adjacent sites with connectivity 
3. Transit corridor  
4. Sites with nearby neighborhood assets 

Required 

SLLp3 Prereq  Wetland and Water Body Conservation 
Options: 
1. No development on wetlands and water bodies 
2. Rainwater management and protected buffers 

Required 

SLLp4 Prereq  Agricultural Land Conservation 
Options: 
1. Infill sites 
2. Sites served by transit 
3. Development rights receiving area 
4. Sites without affected soils 
5. Sites with affected soils 

Required 

SLLc1 Credit  Preferred Locations 
Options: 
1. Location type 
2. Connectivity  
3. Designated high-priority location 

10 

SLLc2 Credit  Brownfield Remediation 2 
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Options: 
1. Brownfield site 
2. High-priority redevelopment areas 

SLLc3 Credit  Access to Quality Transit 7 
SLLc4 Credit  Bicycle Facilities  

Options: 
1. Bikable location 
2. Bicycle network 

2 

SLLc5 Credit  Housing and Jobs Proximity 
Options: 
1. Projects with affordable residential component 
2. Projects with residential component 
3. Infill projects with nonresidential component 

3 

SLLc6 Credit  Steep Slope Protection 1 
SLLc7 Credit  Site Design for Habitat or Wetland and Water Body Conservation 

Options: 
1. Sites with significant habitat 
2. Sites with wetlands and water bodies 

1 

SLLc8 Credit  Restoration of Habitat or Wetlands and Water Bodies  1 
SLLc9 Credit  Long-Term Conservation Management of Habitat or Wetlands & 

Water Bodies 
1 

Total 28 
Neighborhood Pattern & Design (NPD) 
Code Type Design Element Possible 

points for 
certification 

NPDp1 Prereq  Walkable Streets  
a. A principal entry faces a public space, not a parking lot 
b. Street frontage has a building-height-to-street-width of 

1:3 
c. Continuous sidewalks along both sides of 90% of the 

streets. 4 ft. wide for residential and 8 ft. wide for retail 
d. No more than 20% of street frontages are faced by 

garage and service bay openings 

Required 

NPDp2 Prereq  Compact Development 
Cases: 
1. Projects with access to quality transit. Residential within 

walking distance have a density of 12 dwelling units per acre 
or more and outside walking distance, 7 dwelling units per 
acre or more. Nonresidential components within walking 
distance have a density of 0.80 FAR and outside walking 
distance 0.50 FAR. 

2. All other projects. Residential density of 7 units per acre or 
more. Nonresidential 0.50 FAR or higher. 

Required 

NPDp3 Prereq  Connected and Open Community 
Cases: 
1. Surrounding connectivity. Connectivity within ¼ mile of the 

boundary is 90 intersections per square mile.  
2. Internal connectivity. Projects with internal streets have at 

least 140 intersections/square mile and one through-street 
every 800 ft. of the project boundary 

Required 

NPDc1 Credit  Walkable Streets   
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a. At least 80% of the building facades are at least 25 ft. from 
property lines 

b. At least 50% of the building facades are at least 25 ft. from 
property lines 

c. At least 50% of mixed-use and non-residential building 
facades are within one foot of the sidewalk 

d. Entries occur at an average of 75 ft or less along non-
residential or mixed-use buildings 

e. Entries occur at an average of 30 ft. or less along non-
residential or mixed-use buildings 

f. Clear glass on ground-level retail on at least 60% of 
facades and between 3-8 ft. above grade 

g. No blank walls longer than 40% of facades or more than 
50 ft. 

h. Ground-level retail windows must be kept un-shuttered at 
night 

i. Provide on-street parking on 70% of both sides of the 
streets 

j. Continuous sidewalks 5ft wide in residential and 10 ft. 
wide on retail 

k. For ground-floor dwelling units, the principal floor of at 
least 50% of the units must have an elevation of more than 
24in above the sidewalk 

l. For mixed-use projects, ground floor includes retail, 
live/work or dwelling units and accessible to public space 
(not parking) 

m. Building height-to-street-width ratio of 1:3 (centerline 
ratio of 1:1.5) 

n. Speed limit on residential areas is no more than 20mph 
o. Speed limit on-residential or mixed-use streets is no more 

than 25mph 
p. At grade crossings with driveways account for no more 

than 10% of the length of the sidewalk 
NPDc2 Credit  Compact Development: the higher the density, the more points 6 
NPDc3 Credit  Mixed-Use Neighborhoods 4 
NPDc4 Credit  Housing Types and Affordability 

Options: 
1. Diversity of housing types 
2. Affordable housing 
3. Housing types and affordable housing 

7 

NPDc5 Credit  Reduced Parking Footprint  1 
NPDc6 Credit  Connected and Open Community 2 
NPDc7 Credit  Transit Facilities  1 
NPDc8 Credit  Transportation Demand Management 

Options: 
1. Transit passes 
2. Developer-sponsored transit 
3. Vehicle sharing 
4. Unbundling of parking and parking fees 
5. Guaranteed ride home program 
6. Flexible work arrangements 

2 

NPDc9 Credit  Access to Civic & Public Space 1 



	   130	  

NPDc10 Credit  Access to Recreation Facilities 1 
NPDc11 Credit  Visitability and Universal Design 

Case 1: Projects with new dwelling units 
Options: 
1. Universal design features throughout the home 
2. Kitchen features 

bedroom and bathroom feature 
Case 2: Projects with noncompliant routes and no new dwelling 
units 

1 

NPDc12 Credit  Community Outreach and Involvement  
Options: 
1. Community outreach  
2. Charrette  
3. Endorsement program 

2 

NPDc13 Credit  Local Food Production 
Options: 
1. Neighborhood gardens 
2. Community supported agriculture 
3. Proximity to farmers market 

1 

NPDc14 Credit  Tree-Lined and Shaded Streetscapes 
Options: 
1. Tree-lined blocks  
2. Shaded sidewalks 

2 

NPDc15 Credit  Neighborhood Schools 1 
Total 41 

Green Infrastructure & Buildings (GIB) 
Code Type Design Element Possible 

points for 
certification 

GIBc5 Credit  Building Reuse 
Case 1: Five buildings or fewer 
Case 2: More than 5 buildings 

1 

GIBc6 Credit  Historic Resource Preservation and Adaptive Reuse 2 
GIBc7 Credit  Minimized Site Disturbance 

Options: 
1. Development footprint on previously developed land 
2. Undeveloped portion of project left undisturbed 

1 

GIBc8 Credit  Rainwater Management 4 
GIBc9 Credit  Heat Island Reduction 

Options: 
1. Non-roof  
2. High-reflectance and vegetated roofs 
3. Mixed non-roof and roof measures 

1 

Total 9 
TOTAL 78 

 

The tally across all categories reveals that LEED-ND in its current form considers 

walkability in 78 out of 110 points, which is equivalent to 70.9 percent (Figure B3). 
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Figure B3. Walkability in LEED-ND. LEED-ND considers walkability in 70 percent 
of the prerequisites and credits. 
 

The analysis of LEED-ND through the lens of the nine categories making up the 

Walkability Framework provided a measure of how well LEED-ND walkability is 

represented in each category.  

LEED-ND considers 6 out of the 15 neighborhood design elements that were identified 

in the scientific literature review as fundamental to this category. After normalization on 

a scale of 0-1, this amounts to a score of 0.402 or 40.2 percent (Table B4).  

 

Table B4. The neighborhood design elements for connectivity provide multiple direct 
and short routes to destinations throughout the city. The score is based on the number of 
neighborhood design elements in this category adjusted to a scale of 0 to 1 and rounded 
to the third significant figure. In this case, 1/15 = 0.067 

Neighborhood design elements for connectivity category LEED-ND 
Code 

Normalized 
Score 

1 There must be at least 140 intersections per 2.6km (~1sqmi) or 
small blocks allowing intersections to occur at 91.4 meters 

SLLc1 
NPDp3 

.067 

71%	  

29%	  

LEED-‐ND	  
prerequisites	  and	  
credits	  related	  to	  
walkability	  

LEED-‐ND	  
prerequisites	  and	  
credits	  with	  no	  
relation	  to	  walkability	  
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(100yd) or less. Intersections must be 4-way. NPDc6 
2 Adjacent sites must have a connectivity of 90 intersections per 

2.6km (~1sqmi) 
SLLp1 
NPDp3 

.067 

3 Avoid gated communities NPDp3 
NPDc6 

.067 

4 There must be at least one through-street every 122m (~400ft) in 
the boundary 

NPDp3 
NPDc6 

.067 

5 If there are any cul-de-sac, connect it to pedestrians and bicycles 
by streets or trails (without barriers) 

NPDc6 .067 

6 The neighborhood should be served by adequate transit system SLLp1 
SLLp4 
NPDp2 

.067 

7 Avoid cul-de-sac/ dead-end streets  0 
8 Barriers to connectivity: freeways, railway lines, rivers  0 
9 Provide easy access to highways vs. avoid highways  0 
10 Avoid fences and allow access to the general public  0 
11 Grid street networks in high-intensity streets must include visual 

interruptions like “T” junctures, bridges connecting buildings, 
slope, short blocks 

 0 

12 In case of a grid, lay a diagonal across  0 
13 In case of a grid, add slight bends that follow topography  0 
14 In case of a grid, include a variety of street types and widths  0 
15 The street layout must be a grid that allows alternative routes  0 

TOTAL 0.402 
 

 

 For the land-use category, LEED-ND considers 15 out of 24 neighborhood 

design elements in this category, which in a scale of 0 to 1 is 0.63 or 63 percent (Table 

B5). 

 

Table B5. The neighborhood design elements for land-use category propose a mix land 
uses that provide multiple destinations at a walking distance. The score is based on the 
number of neighborhood design elements in this category adjusted to a scale of 0 to 1 
and rounded to the third significant figure. In this case, 1/24 = 0.042. 
Neighborhood design elements for land-use category LEED-ND 

Code 
Normalized 

Score 
1 Provide number of fulltime jobs within ½ mile of the geographic 

center of the project that is equal to or greater than the number of 
dwelling units in the neighborhood 

SLLc5 0.042 

2 For office and residential buildings, the ground floor should be retail 
and must face at least 60% of the street 

NPDc11 0.042 

3 Services on the ground floor must have direct access from sidewalk 
along a public space, not a parking lot 

NPDc11 0.042 
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4 Include at least 4 types of services within 5 minute walk (1/4mile) 
and at least 7 services within 10 minute walk (1/2mile) from most 
dwelling units 

SLLp1 
SLLc4 
NPDc3 

0.042 

5 Services must include food retail SLLp1 
SLLc4 
NPDc3 

0.042 

6 At least 50% of the dwelling units are within ¼ mile from a bus or 
streetcar stop 

SLLp1 
SLLc3 

0.042 

7 For neighborhood centers, entries to services must be within 300ft 
from a single common point 

NPDc3 0.042 

8 There must be a farmers market within a 10 minute walk (1/2mile) 
from the project’s center. Farmer’s market must sell items produced 
within 150 miles 

SLLp1 
SLLc4 
NPDc3 

NPDc13 

0.042 

9 There must be an elementary and middle school within a 10 minute 
walk (1/2 mile) from 50% of the homes 

NPDc15 0.042 

10 There must be a high school within 1.6km (~1mile) from 50% of the 
homes 

NPDc15 0.042 

11 Schools must be compact and not exceed an area of 6.07 ha 
(~15acres) for high schools; 4.04ha (~10acres) for middle schools; 
and 2.02ha (~5acres) for elementary schools 

NPDc15 0.042 

12 Include a variety of restaurants SLLp1 
SLLc4 
NPDc3 

0.042 

13 Include mixed-use buildings that include residential/office and retail 
on the ground floor in all the streets of the neighborhood 

NPDc1-l 0.042 

14 Include child-care services close to homes SLLp1 
SLLc4 
NPDc3 

0.042 

15 No more than 1 bank per block  SLLp1 
SLLc4 
NPDc3 

0.042 

16 Services must have different working hours  0 
17 Provide a variety of shops along the routes to school  0 
18 Avoid fast-food restaurants, corner markets and liquor stores  0 
19 Avoid large sized services (e.g., parking, car-dealers, large box 

stores, supermarkets, hospitals, large parks) 
 0 

20 Open corridors between housing buildings must include a variety of 
uses 

 0 

21 Corners must have retail on the ground level  0 
22 Avoid single-use areas. Insure zoning for deliberate diversity that 

limits the amount of the same service within a certain area 
 0 

23 Insure that public buildings stay staunch even if property values 
increase (e.g., public libraries) 

 0 

24 In the case of “borders” (barriers) such as waterfronts, railways, 
freeways, and other massive single uses (e.g., hospitals, university 
campuses), locate services that make direct use of the border itself 

 0 

TOTAL 0.63 
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For the density category, LEED-ND considers eight out of 15 neighborhood design 

elements for this category, which under a scale of 0 to 1 is 0.536 or 53.6 percent (Table 

B6). 

Table B6. The neighborhood design elements for density recommend a high residential 
and retail density that maintains the pedestrian scale at street level. The score is based on 
the number of neighborhood design elements in this category adjusted to a scale of 0 to 
1 and rounded to the third significant figure. In this case, 1/15 = 0.067 
Type of 
density 

Neighborhood design elements for density category LEED-ND 
Code  

Normalized 
Score 

Residential 1 Suburbs must have a residential density of at least 7 
dwelling units per acre (0.40ha) 

SLLp4 
NPDp2 

0.067 

2 Semi-suburbs must have a residential density of 12 
dwelling units per acre (0.40ha) 

SLLp4 
NPDp2 
NPDc2 

0.067 

3 Urban neighborhoods must have a residential density 
of at least 100 dwelling units per acre (0.40ha) 

 0 

4 High-rise buildings must not be too close to one 
another 

 0 

Retail 5 Suburbs must have a retail density of at least 0.50 
FAR 

SLLp4 
NPDp2 

0.067 

6 Semi-suburbs must have a retail density of 0.8-3.0 
FAR 

SLLp4 
NPDc2 

0.067 

Residential 
and retail 
 

7 Include a diversity of building types and ages NPDc4 0.067 
8 Locate the project on an infill site SLLp1 

SLLp4 
SLLc1 

0.067 

9 Locate the project in a redeveloped brownfield SLLc2 0.067 
10 Building frontage should maintain the pedestrian 

scale (low rise buildings/podium) pushing high-rise 
towers away from pedestrian sight 

 0 

11 High-rise buildings must not be too close to one 
another 

 0 

12 Space between buildings must have clear private and 
public spaces 

 0 

13 Buildings should not cover more than 70% of the 
buildable land 

 0 

14 Maintain a homogenous density of 15 to 30 dwelling 
units per acre throughout the city 

 0 

Schools 15 Design compact schools: elementary - 6 hectares, 
middle school - 4 hectares, high-school – 2 hectares 

NPDc15 0.067 

TOTAL 0.536 
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For the pedestrian section in the traffic safety category, we found eight out of 15 

neighborhood design elements addressed in LEED-ND, which in a scale of 0 to 1 is 

0.536 or 53.6 percent (Table 7.1). 

 
Table B7.1. The neighborhood design elements for the pedestrian section of the traffic 
safety category refer to the street infrastructure necessary to maximize safety for 
pedestrians in order to increase physical activity. The score is based on the number of 
neighborhood design elements in this category adjusted to a scale of 0 to 1 and rounded 
to the third significant figure. In this case, 1/15= 0.067 
Neighborhood design elements for the pedestrian section of the 
traffic safety category 

LEED-ND 
Code 

Normalized 
Score 

1 Provide continuous sidewalks along both sides of 90% of the 
streets 

NPDp1 0.067 

2 Sidewalks on residential areas must be at least 4-5ft wide NPDp1-c, 
NPDc1-j 

0.067 

3 Sidewalks on retail or mixed use blocks must be 8-10ft wide NPDc1-j 0.067 
4 Provide on-street parking on 70% of both sides of the streets NPDc1-i 0.067 
5 No more than 20% of the street frontage are faced by garage 

openings and service bays 
NPDp1-d 0.067 

6 Minimize at-grade crossings of sidewalks with driveways  NPDc1-p 0.067 
7 Guaranteed ride home NPDc8 0.067 
8 Universal design: Design homes and streets that can be used by a 

wide spectrum of people regardless of ability or age 
NPDc11 0.067 

9 For high density developments, sidewalks on residential areas 
must be 20ft wide to allow for child-play 

 0 

10 For high density developments, sidewalks on retail and mixed 
use blocks must be 30-35 ft wide 

 0 

11 Provide a strip of vegetation with large trees that separates the 
sidewalks from the roads 

 0 

12 Provide maintenance to the sidewalks to avoid unevenness  0 

13 Provide pedestrian-only streets  0 

14 Widen sidewalks at intersections  0 
15 Provide lights with countdown timers  0 

TOTAL 0.536 

 

 For the bicycles section of the traffic safety category, we found ten out of 16 

neighborhood design elements addressed in LEED-ND, which in a scale of 0 to 1 is 

0.590 or 59 percent (Table B7.2). 
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Table B7.2. The neighborhood design elements for the bicycles section of the traffic 
safety category refer to the street infrastructure necessary to maximize safety for cyclists 
in order to increase physical activity. The score is based on the number of neighborhood 
design elements in this category adjusted to a scale of 0 to 1 and rounded to the third 
significant figure. In this case, 1/16 = 0.059 
Neighborhood design elements for the bicycles section of the traffic 
safety category 

LEED-ND 
Code 

Normalized 
Score 

1 Include a 5 mile bicycle network and pedestrian trail within ¼ 
mile of the project 

SLLc4 0.059 

2 For residential projects, a bicycle network is within ¼ mile of 
boundary and connects to a school or employment center within 
3 miles 

SLLc4 0.059 

3 Include a bicycle network within ¼ m of boundary that connects 
at least 10 diverse uses within 3miles 

SLLc4 0.059 

4 Residential: provide bicycle parking and storage capacity of at 
least 1 space/dwelling unit 

SLLc4 
NPDc5-a 

0.059 

5 Retail: provide bicycle parking and storage capacity of: 1 
space/5,000sqft of retail space. Bicycle storage must be located 
within 100 ft of main entries 

SLLc4 
NPDc5-b 

 

0.059 

6 Non-residential other than retail: provide 1 storage for 10% 
occupancy and visitor rack on-site of 1 space per 10,000sqft, and 
no less than 4 spaces per building 

SLLc4 
NPDc5-c 

0.059 

7 Provide at least 1 on-site shower with changing facility for any 
development with 100 workers 

SLLc4 
NPDc5-b 

0.059 

8 Bicycle racks must be located in visible areas from main entries 
of buildings, served with lighting.  

SLLc4 
NPDc5-c 

0.059 

9 Guaranteed ride home NPDc8 0.059 
10 Provide continuous bike lanes  NPDc15 0.059 
11 Give bicycles priority at intersections   0 
12 Maintain bike lanes with smooth surfaces  0 
13 Devote space on the streets for bicycle and car-sharing 

businesses 
 0 

14 Include a bike lane on every street buffered from the road (e.g., 
elevated a few inches) 

 0 

15 Elevate bike lanes and crossroads a few inches  0 
16 Include signalized intersections (stop-controlled)  0 
17 Provide lighting  0 

TOTAL 0.590 
 
 

For the transit section of the traffic safety category, we found eight out of twelve 

neighborhood design elements addressed in LEED-ND, which in a scale of 0 to 1 is 

0.664 or 66.4 percent (Table B7.3). 

 



	   137	  

Table B7.3. The neighborhood design elements for transit section of the traffic safety 
category refer to the provision of safe and comfortable infrastructure and the 
implementation of a convenient transit system that incentivizes people to use transit 
systems. The score is based on the number of neighborhood design elements in this 
category adjusted to a scale of 0 to 1 and rounded to the third significant figure. In this 
case, 1/12 = 0.083 
Neighborhood design elements for the transit systems section of the 
traffic safety category 

LEED-ND 
Code 

Normalized 
Score 

1 Dwelling units must be located within a 10 minute walk (1/2 
mile) from transit stops and 5 minute walk (1/4 mile) from bus 
stops 

SLLp1 0.083 

2 There are direct and short (<1/4 mile) routes from homes to bust 
stops and (<1/2mile) routes from homes to transit stops 

SLLp1 0.083 

3 Provide safe, convenient, and comfortable transit waiting areas 
and safe and secure bicycle storage for transit users 

NPDc7 0.083 

4 Provide kiosks, bulletin boards or signs that displays transit 
schedules and route information at each public transit stop 

NPDc7 0.083 

5 Provide information about the journey on screens at each public 
transit stop or on smartphone apps 

NPDc7 0.083 

6 Provide annual transit passes at a reduced price to residents and 
occupants of the buildings in the project 

NPDc8 0.083 

7 Provide private transit service (vans, shuttles, buses) from a 
central point of the neighborhood to transit facilities or other 
important destinations sponsored by the developer 

NPDc8 0.083 

8 Guaranteed ride home NPDc8 0.083 
9 Buses must show-up every 15 minutes or less  0 
10 Boost the status of public transit by creating state-of-the-art 

public transit stops and units 
 0 

11 Provide bus-only lanes and intersection priority to transit systems  0 
12 Designate buses, taxis and trucks-only streets   0 

TOTAL 0.664 

 
For the traffic calming treatments section of the traffic safety category, we found four 

out of 18 neighborhood design elements addressed in LEED-ND, which in a scale of 0 

to 1 is 0.224 or 22.4 percent (Table B7.4). We found that LEED-ND credit NPDc15: 

Neighborhood Schools gives one point for locating a school within a walking distance to 

homes, and this point includes the provision of continuous sidewalks, bike lanes, traffic 

control, and calming treatments in the routes to school. However, it does not specify 

which traffic control and calming treatments are counted towards certification, or the 

number of required treatments. Therefore, we included this as a neighborhood design 
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element, but could not include LEED-ND for the specific traffic calming treatments 

detailed in this section. 

Table B7.4. The neighborhood design elements for the traffic calming treatments 
section of the traffic safety category aim to reduce speed in motorized vehicles in order 
to increase physical activity. The score is based on the number of neighborhood design 
elements in this category adjusted to a scale of 0 to 1 and rounded to the third significant 
figure. In this case, 1/18 = 0.056 
Neighborhood design elements for the traffic calming treatments 
section of the traffic safety category 

LEED-
ND Code 

Normalized 
Score 

1 Speed limit on residential areas is 30km/hr (~19mph) or less NPDc1-n 0.056 
2 Speed limit on non-residential or mixed-use streets is 40km/hr 

(~25mph) or less 
NPDc1-o 0.056 

3 Include medians and crossroads every 800ft on busy streets and 
access lanes with a speed limit of 40km/hr (~25mph) 

NPDc1-o 0.056 

4 Provide a combination of traffic control and calming measures on 
routes from dwelling units to schools 

NPDc15 0.056 

5 Include brightly painted crosswalks raised a few inches above the 
roadway on street intersections 

 0 

6 Widen sidewalks at the intersections  0 
7 Designate pedestrian zones/streets  0 
8 Toll on cars entering the city core  0 
9 Install speed bumps along streets  0 
10 Narrow streets  0 
11 Place a small park at the end of streets  0 
12 Use cobblestone for street paving  0 
13 Place trees and other elements (e.g., monuments) in the middle of 

the roads 
 0 

14 Small corner radii to force cars to slow down when turning  0 
15 Create woonerf streets   0 
16 Place roundabouts at street intersections  0 
17 Provide a shoulder lane on intersections between arterials and 

secondary roads 
 0 

18 Avoid multiple lane boulevards (more than 4 lanes)  0 
TOTAL 0.224 

 

For the surveillance category, we found nine out of 14 neighborhood design elements 

addressed in LEED-ND, which in a scale of 0 to 1 is 0.639 or 63.9 percent (Table B8). 

Table B8. The neighborhood design elements found for surveillance category refer to 
the design that allows people from inside the buildings to watch pedestrians on the 
street. This is thought to provide safety from crime and increase physical activity. The 
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score is based on the number of neighborhood design elements in this category adjusted 
to a scale of 0 to 1 and rounded to the third significant figure. In this case, 1/14= 0.071. 

Neighborhood design elements for surveillance category LEED-ND 
Code 

Normalized 
Score 

1 All ground level retail uses that face a public space must have 
clear glass on at least 60% of their facades between 3-8ft above 
grade 

NPDc1-f 0.071 

2 For residential, the ground floor of at least 50% of the units 
must have an elevation of more than 24in above the sidewalk 

NPDc1-k 0.071 

3 Ground floor of buildings must have retail, live/work or 
dwelling units that have access to public space 

NPDc1-l 0.071 

4 Avoid wide streets with low-rise buildings. Building height-to-
street-width ratio of 1:3 

NPDc1-m 0.071 

5 Avoid blank walls (no windows or doors) longer than 15 meters 
(50ft) 

NPDc1-g 0.071 

6 Setbacks of 8m (~25ft) or less for 80% of street-facing 
buildings 

NPDc1-a 0.071 

7 Locate buildings close to the streets. Setbacks of 5m (~18ft) or 
less for 50% of street-facing buildings 

NPDc1-b 0.071 

8 Setbacks of  0.3m (~1ft) for at least 50% of mixed used and 
non-residential street-facing buildings 

NPDc1-c 0.071 

9 Building entries occur at an average of 9-23m (~30-75ft) or less 
along mixed or non-residential buildings 

NPDc1-d 
NPDc1-e 

0.071 

10 Setbacks of 10 ft that include a front yard allow a semi-private 
space between homes and public space 

 0 

11 For residential areas, front porches, doors and windows should 
face the street. Garage doors facing the street should be 
avoided. 

 0 

12 Include outdoor cafes on the streets  0 
13 Provide lighting on the streets and outdoor spaces  0 
14 Orient the buildings toward the street: windows, storefronts, 

balconies, entries 
 0 

TOTAL 0.639 

 
 

For the parking category, we found eight out of 14 neighborhood design elements 

addressed in LEED-ND, which in a scale of 0 to 1 is 0.568 or 56.8 percent (Table B9). 

Table B9. The neighborhood design elements for parking category aim to de-incentivize 
the use of the automobile and increase physical activity by reducing the amount of 
available parking. The score is based on the number of neighborhood design elements in 
this category adjusted to a scale of 0 to 1 and rounded to the third significant figure. In 
this case, 1/14= 0.071. 

Neighborhood design elements for parking category LEED-ND Normalized 



	   140	  

Code Score 
1 Reduce parking footprint. Either do not build off-street parking 

or build parking lots at the side or rear of buildings leaving 
frontages free of surface parking 

NPDc5 0.071 

2 Do not allow more than 20% of footprint area is used for off-
street parking 

NPDc5 0.071 

3 Do not allow parking lots greater than 0.66ha (~2 acres) NPDc5 0.071 
4 For non-residential, provide carpool and/or shared-use vehicle 

parking spaces for 10% of parking, with signage and within 
60m (~200ft) of building entries 

NPDc5 0.071 

5 Parking spaces are sold or rented separately from the dwelling 
units or square footage of non-residential 

NPDc8 0.071 

6 Provide on-street parking on 70% of both sides of the streets NPDc1-i 0.071 

7 Include at least one vehicle from a vehicle-sharing program 
within a 5 minute walk of the dwelling units 

NPDc8 0.071 

8 Integrate parking in the building base NPDc5 0.071 

9 Downtown parking should be 200 spaces per 1000 workers  0 

10 If parking lots/garages cannot be avoided, surround these by 
small blocks (intersections occurring every 48 meters or 160ft) 

 0 

11 Surrounding areas of parking lots must have diverse services 
(e.g., shops, restaurants) 

 0 

12 Sharing parking between uses can significantly reduce the 
parking area requirements 

 0 

13 Screen or hide parking behind landscaping  0 
14 Locate parking and drop-off areas along secondary streets but 

within blocks of primary streets 
 0 

TOTAL 0.568 
 

The experience category is divided into seven sections: (1) streetscape, (2) aesthetics, (3) 

thermal comfort, (4) way-finding, (5) slope, (6) fumes/noise, (7) dogs.  For the 

experience category, we found 16 out of 32 neighborhood design elements addressed in 

LEED-ND, which in a scale of 0 to 1 is 0.496 or 49.6 percent (Table B10). 

 

Table B10. The neighborhood design elements for experience category aim to make the 
walking and biking experience pleasant in order to increase physical activity. The score 
is based on the number of neighborhood design elements in this category adjusted to a 
scale of 0 to 1 and rounded to the third significant figure. In this case, 1/32 = 0.034 
Neighborhood design elements for experience category LEED-ND 

Code 
Normalized 

Score 
Streetscape 
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1 Building-height-to-street-width ratio of 1:3 NPDp1 0.031 
2 Avoid gaps in the street wall (empty lots or low rise buildings in 

high-rise street) 
 0 

Aesthetics 

3 Include trees along most of the length of the sidewalks at intervals 
of no more than 50 feet (12 meters) 

NPDc14 0.031 

4 Maximize store-front transparency to create visual interest and void 
shutting windows at night. 
 

NPDc1-h 0.031 

5 Include a diversity of building types and ages. Provide affordable 
housing.  

SLLc1 
NPDc4 
GIBc5 

0.031 

6 Preserve historic resources  GIBc6 0.031 
7 Provide 2 units of soil per 1 unit of tree height to allow trees to 

grow big and tall 
NPDc14 0.031 

8 Include a green infrastructure and a diversity of tree species to 
reduce risk of flooding 

GIBc8 0.031 

9 Include landscaping along sidewalks and other outdoor areas  0 
10 Insure clean streets (e.g., cleaning programs) to avoid trash and 

graffiti 
 0 

11 For high-intensity streets, add “unifiers” such as trees spaced 
uniformly, pavements with strong patterns, or colored awnings 

 0 

12 For low-intensity streets, avoid “sameness” by using different 
design of facades and different building types 

 0 

13 Add street furniture such as benches facing passing crowds  0 
14 Provide awnings, marquees, arcades or galleries on the streets  0 
15 Provide continuous maintenance to vegetation  0 

Thermal comfort 

16 Provide shade on at least 50% of the hardscape (e.g., plants that 
provide shade) 

GIBc9 0.031 

17 Provide shade on the hardscape with a light colored roof finish (or 
SR of at least 0.28) 

GIBc9 0.031 

18 Use paving materials that are light-colored (SR of at least 0.28) GIBc9 0.031 
19 Low-slope roofs must have an initial SRI of 82 and steep-slope 

roofs must have an initial SRI of 39 
GIBc9 0.031 

20 Include vegetated roofs on at least 50% of the total roof area GIBc9 0.031 
21 Include water bodies in outdoor spaces. Limit development within 

50 ft of existing wetlands and 100 ft of existing water bodies 
SLLp3 
SLLc7 
SLLc8 
SLLc9 

0.031 

22 Include shading devices such as awnings in sidewalks NPDc14 0.031 
23 Include high-rise buildings (or a building-height-to-street-width 

ratio of at least 1:3) to provide shade to the streets 
NPDp1 0.031 

24 Include deciduous trees  0 
Way-finding 

25 Include landmarks or artworks at key vista points or axial termini 
and corners 
 

 0 

26 Include radically different uses to increase landmarks and focal  0 
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points 
27 Include appropriate signage, clear edges, distinctive buildings, and 

pathways 
 0 

Slope 

28 Low slopes (<15%) are desirable  SLLc6 0.031 
29 Include hilly streets  0 

Fumes/noise 

30 Include large areas of vegetation on heavy-traffic streets to improve 
air quality and reduce noise and fumes 

 0 

Dogs 

31 Include high fences in dog areas away from children’s areas and 
busy roads  

 0 

32 Provide dog-related infrastructure (e.g., dog litter bags, bins, 
signage, accessible water sources) 

 0 

TOTAL 0.496 
 

For the greenspace category, we found four out of 27 neighborhood design elements 

addressed in LEED-ND, which in a scale of 0 to 1 is 0.148 or 14.8 percent (Table B11). 

 
Table B11. The neighborhood design elements for greenspace category refer to the 
provision of and access to greenspace at a walking distance from homes in order to 
increase physical activity. The score is based on the number of neighborhood design 
elements in this category adjusted to a scale of 0 to 1 and rounded to the third significant 
figure. In this case, 1/27 = 0.037 
Neighborhood design elements for greenspace category LEED-ND 

Code 
Normalized 

Score 
1 Leave a portion of the site of 10-20% that has not been 

developed undisturbed in order to maintain native vegetation and 
pervious surfaces 

GIBc7 0.037 

2 Provide an accessible greenspace to all homes SLLp1 
SLLc4 
NPDc3 

0.037 

3 Locate an outdoor or indoor public recreational facility of at least 
0.40ha (1acre) for outdoors and 0.23ha (25,000ft) for indoors 
within 0.80km (½ m) of 90% of the dwelling units 

NPDc10 0.037 

4 Outdoor facility must include tot-lots for children, swimming 
pools and sports fields 

NPDc10 0.037 

5 Provide an accessible 2ha (4.9acres) greenspace no more than 
300m from 100% of dwelling units. 

 0 

6 Provide at least 1 accessible 20ha (49.4acres) greenspace within 
2km (1.24m 

 0 

7 Provide at least 1 accessible 100ha (247.1acres) greenspace 
within 5km (3.1m) 

 0 

8 Provide at least 1 accessible 500ha (1,235.5acres) greenspace  0 
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within 10km 
9 Greenspace must be surrounded by a variety of shops and 

include inside vendors; all working different hours 
 0 

10 Avoid “superblocks” in surroundings of greenspace by including 
multiple public intersections with accesses to houses and stores 

 0 

11 Greenspace must promote a variety of uses by changing the rise 
in the ground, the grouping of trees and the openings leading to 
various focal points 

 0 

12 Design the greenspace so that it includes a center as a main 
crossroad 

 0 

13 Greenspace must have a variety of sun exposure (shaded vs. 
sunny areas) 

 0 

14 Greenspace must include spaces for cultural events  0 
15 Greenspace must include spaces for several activities like biking 

(washing, renting, repair), kite-flying (buying, repair), bar-b-
ques, and ice-skating (cold weather) 

 0 

16 There must be vegetation (nature) throughout the entire 
neighborhood and accessible to all homes 

 0 

17 Promote businesses that sell products related to uses inside the 
greenspace and locate these vendors along the borders of the 
greenspace (e.g., bike rentals, kite shops, food trucks) 

 0 

18 Regulate the low-height of buildings on the south side of 
greenspace to allow the sun during winter months 

 0 

19 Include sheds for vendors’ carts on bordering streets of parks  0 
20 Locate a neighborhood park at the end of streets to discourage 

automobile-use 
 0 

21 Locate a greenspace close to high-rise towers so that all units 
have a view of nature 

 0 

22 Avoid playgrounds or locate them where parents can do 
alternative activities while watching the kids 

 0 

23 Link the greenspaces together by integrating nature into the 
neighborhoods 

 0 

24 Include greenspace with high biodiversity  0 
25 Provide continuous maintenance to vegetation  0 
26 Provide dog-related infrastructure  0 
27 Include well-fenced areas for off-leashed dogs, away from 

children’s play areas 
 0 

TOTAL 0.148 

 

Finally, for the community category, we found ten out of 15 neighborhood design 

elements addressed in LEED-ND, which in a scale of 0 to 1 is 0.67 or 67 percent (Table 

B12). 

Table B12. The neighborhood design elements for community category aim to increase 
sense of community and physical activity. The score is based on the number of 
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neighborhood design elements in this category adjusted to a scale of 0 to 1 and rounded 
to the third significant figure. In this case, 1/15 = 0.067 
Neighborhood design elements for community category LEED-ND 

Code 
Normalized 

Score 
1 Include a diversity of housing types SLLc1 

NPDc4 
0.067 

2 Include affordable housing NPDc4 0.067 
3 Increase the proportion of areas usable by people of diverse 

abilities 
NPDc11 0.067 

4 Advertise an open community meeting and solicit their input on the 
design 

NPDc12 0.067 

5 Conduct a charrette of at least 2 days open to the public to get input 
on the design 

NPDc12 0.067 

6 Dedicate space for food production within the neighborhood NPDc13 0.067 
7 Provide an accessible civic space of at least 0.67ha (1/6 acre) 

within ¼ mile of 90% of the homes. For projects larger than 10 
acres must have a space of at least 0.4 hectares (1 acre)  

NPDc9 0.067 

8 The proportion of the civic space must not be narrower than 1 unit 
of width to 4 units of length 

NPDc9 0.067 

9 Include trees NPDc14 0.067 
10 Provide public spaces (e.g., community center, churches, parks, 

recreational facilities)  
SLLp1 
SLLc4 
NPDc3 

NPDc10 

0.067 

11 Promote a self-governing body or neighborhood association  0 
12 Add irregularities to the building line along sidewalks to create 

niches that allow incidental play for children 
 0 

13 Avoid blacklisting neighborhoods for renovation credits  0 
14 Include a variety of dwelling units sizes in high-rise buildings (2 & 

3 bedroom units) that can accommodate families 
 0 

15 Include shared outdoor spaces (e.g., shared facilities, open space)  0 
TOTAL 0.67 

  
 
A summary of the findings for each of the individual walkability categories (Tables B4 – 

B12) is shown in Table B13 and Figure B4. The level of walkability in LEED-ND 

according to this analysis range from 14.8 percent for the greenspace category to 67 

percent for the community category. 

 

Table B13. Summary of the percentages of neighborhood design elements addressed in 
LEED-ND for each walkability category. 
 
Walkability categories of the Sub- Percent of 
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Walkability Framework category LEED-ND 
Connectivity  40.2 
Land-use  63.0 
Density  53.6 
Traffic Safety  50.4 
   – Pedestrians  53.6  
   – Bicycles   59.0  
    – Transit  66.4  
   – Traffic-calming treatments 22.4  
Surveillance  63.9 
Parking  56.8 
Experience  49.6 
Greenspace  14.8 
Community  67.0 
  

 
 
Figure B4. Neighborhood design elements in LEED-ND. Percent of neighborhood 
design elements the research literature has demonstrated influence walkability which are 
addressed in LEED-ND in each of the nine major categories that make up the 
Walkability Framework.  
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This study organized the levels of correspondence between the Walkability Framework 

and the credits and prerequisites in LEED-ND in three levels: strong. Moderate, and 

weak (Table B14). Strong means that there are many credits available in LEED-ND for 

that category and there are some prerequisites. Moderate means that there are many 

credits available in LEED-ND for that category but none of them are required. In this 

case, there might be a LEED-ND certified neighborhood that completely misses that 

category. Weak means that there are few credits in LEED-ND available for that category 

and none of them are required. The scoring of the correspondence between the main 

aspects of the categories and the prerequisites and credits offered in LEED-ND showed 

that LEED-ND is strongest in the connectivity and density categories (Table B14). It is 

moderate in land-use, traffic safety, surveillance, parking, experience, and community. It 

is weak in greenspace.  

 
 
Table B14. Level of correspondence between Walkability Framework categories and 
LEED-ND prerequisites and credit. Dark color represents strong correspondence. 
Dashed pattern represents moderate correspondence. Light color represents weak 
correspondence. 
Walkability 
Framework 
Categories  

Main aspect of the category Level of 
correspondence 

Explanation 

Connectivity Provide a street network that 
gives multiple direct and short 
routes. 

 LEED-ND includes 
connectivity as a prerequisite 
and offers multiple credits 
points. 

Land-use Locate a variety of small size 
services at a 10 minute walk (1/2 
mile) from homes 

 LEED-ND offers multiple 
credits for mixed-use 
developments but it is not 
required for certification. 

Density  Neighborhoods must have a high 
residential and retail density. 
High-rise towers must consider 
pedestrian scale at the street level 
in order to avoid oppressive 
feeling. 

 LEED-ND includes high 
density as a prerequisite and 
offers additional points. 
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Traffic safety Give pedestrians and bikers 
supremacy over cars and slow 
traffic. Also, provide safe and 
comfortable bus stops and a 
frequent and reliable bus service. 

 LEED-ND includes 
sidewalks and proximity to 
bus stops and transit stations 
as a prerequisite but it does 
not require not bike lanes 
nor traffic calming 
treatments. LEED-ND offers 
credits for locating project 
on a site close to a bicycle 
network but does not require 
one within the 
neighborhood. 

Surveillance  Design buildings so that people 
from inside the buildings can 
watch pedestrians on the streets. 
 

 LEED-ND offers multiple 
credits for the design of 
building oriented towards 
the street, but it is not a pre-
requisite. 

Parking  Decrease parking availability and 
locate parking away from streets 

 LEED-ND includes credits 
for decreased parking but it 
is not required. 

Experience  Provide a pleasant walking and 
biking experience by addressing 
the streetscape, aesthetics, way 
finding, thermal comfort, slope, 
fumes, cell phone towers, and 
dogs/wildlife. 

 LEED-ND addresses 
streetscape as a prerequisite 
but does not require many of 
the remaining elements and 
offers few credits. 

Greenspace  Include a variety of greenspace in 
size and proximity with easy 
access and vegetation throughout 
the neighborhood. 

 LEED-ND does not require 
the provision of greenspace 
and offers very few credits. 

Community  Provide spaces for social 
interactions among neighbors and 
encourage neighbors’ 
participation in the decision 
making process of the community 

 LEED-ND offers multiple 
credits for providing spaces 
for community events but it 
is not required. 

 

B5: DISCUSSION AND CONCLUSION 

This study found that walkability is widely considered in LEED-ND, where 71 percent 

of the prerequisites and credits available are related to walkability. However, when the 

LEED-ND treatment of walkability is compared with the recommendations of the 

scientific literature on walkability and neighborhood design documented in the first 
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stage of this research and represented here in the nine categories of the Walkability 

Framework, important gaps and strengths became evident. The categories of 

connectivity and density were clear strengths of LEED-ND because the certification 

system addresses both as a prerequisite and offers additional credits thereafter. The land-

use category, which includes mixed-use developments, was a major aspect of what was 

learned in the scientific literature review, but performed moderately relative to LEED-

ND   because it is not required for certification. This means that a neighborhood can 

achieve LEED-ND certification and have no non-residential component, (e.g., retail, 

offices). Even though there are multiple available credits for land-use mix (mixed-use 

development) that the developer may choose to pursue, they can also choose not to. 

Because land-use mix is an essential part of walkability and it is not required by LEED-

ND, this category was moderately scored.  

The traffic safety category preformed in a similar way. LEED-ND requires sidewalks 

but it does not require bike lanes within the neighborhood. The only place where bike 

lanes are included in LEED-ND is in the NPDc15 Neighborhood Schools. If a developer 

locates the project close to an existing school or a new school (within 800m or ½ mile of 

at least 50 percent of the dwelling units), the routes to school must include bike lanes, 

sidewalks, and traffic calming treatments. However, if the developer does not pursue 

this credit, the neighborhood streets do not have to include bike lanes.  LEED-ND gives 

points for locating the project close to a bicycle network, but not for providing a network 

within the streets of the neighborhood. With the high densities required in LEED-ND 

that lead to increased traffic, it is essential to provide bicycle infrastructure that keep 
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cyclists safe within the neighborhood. In addition, the traffic calming treatments section 

showed a low level of walkability in LEED-ND (Table 12). Aside from speed limits, 

LEED-ND does not give points for traffic calming treatments, unless a school is 

included. For these reasons, the overall traffic safety category received a moderate score. 

For the surveillance category, LEED-ND did a great job capturing most neighborhood 

design elements identified in the scientific literature review, but none of the 

neighborhood design elements for surveillance are a prerequisite. In addition, LEED-ND 

offers one point for providing lighting fixtures that reduce light pollution (directs the 

light to the ground keeping the skies dark for nighttime species), but it does not require 

the provision of lighting and this is an important feature for surveillance. People feel 

safer walking at night with lighting throughout the neighborhood. For these reasons, 

LEED-ND was scored as moderate in this category. 

For the parking category, LEED-ND was found moderately strong because even though 

it gives multiple points for reducing parking, none of them are required. Therefore a 

developer can ignore the elements that reduce parking and still receive certification. 

For the experience category, LEED-ND received a moderate score. Although the 

streetscape section was strongly addressed in LEED by including a building-height-to-

street-width ratio as a prerequisite, the other sections of this category were not required. 

The aesthetics section showed six out of thirteen credits in LEED-ND but again, none of 

these are prerequisites. The thermal comfort section showed eight out of nine credits in 

LEED-ND making it very well considered, but none are prerequisites. Slope considered 
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in LEED-ND, but it is nor a prerequisite either. In addition, way finding, fumes/noise, 

and dogs showed no credits available in LEED-ND. 

The greenspace category of the Walkability Framework received a weak score because 

LEED-ND gives only one point for including a greenspace and it can be substituted by 

an indoor recreational facility. Moreover, there is no prerequisite for greenspace in 

LEED-ND. 

The community category was moderately scored because LEED-ND offers multiple 

credits for including civic and food production spaces but none of them are required. 

Based on these conclusions, it is clear that there is room for improvement in how LEED-

ND accounts for walkability as perceived from the results of scientific research from 

multiple research domains. The Walkability Framework was developed not only to 

capture that research in a way to evaluate walkability within the current version of 

LEED-ND, but also to provide a practical way to propose changes to the certification 

system that would enhance walkability, an approach we have named LEED-NDW+ 

(walkability plus). These changes consist of reassigning some points from redundant 

credits, and moving existing credits to prerequisites. We maintained the total of 110 

points to be consistent with the other LEED certification (LEED-BD+C, LEED-ID+C, 

LEED-O+M, LEED-HOMES) and the type of certification (certified, silver, gold, and 

platinum).  
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We took eight points from SLLc1 Preferred Locations; from ten available points, we 

reduced it to two. The reason we took points from this credit is because the SLLp1 

Smart Location already considers location by giving four options that the developer may 

choose from (infill sites, adjacent sites with connectivity, transit corridor, and sites with 

nearby neighborhood assets). Offering ten additional points for location seemed 

redundant. In addition, the other changes that we did to LEED-ND ensure that these 

requirements are met.  

Another change in LEED-ND proposed in this study is the addition of seven 

prerequisites to the NPD section. Most of these new prerequisites already existed as 

credits, but this analysis showed that for the certification system to effectively lead to 

more walkable neighborhoods, they would need to be included as prerequisites. The 

seven new prerequisites proposed for LEED-NDW+ include: (1) NPDp4 Mixed-use 

Development that requires to include at least 30 percent of the building footprint as 

mixed-use where the ground floor is used for retail, including corners; (2) NPDp5 

Pedestrian and Bicycle Infrastructure that requires the provision of sidewalks and bike 

lanes throughout the neighborhood buffered from the road by on-street parking or a 

vegetated strip; (3) NPDp6 Tree-Lined Streets that requires the provision of trees along 

the streets of the neighborhood; (4) NPDp7 Greenspace that requires the provision of a 

small greenspace within walking distance to homes that encourages small shops on its 

boundaries including food trucks; (5) NPDp8 Civic Space that requires the provision of 

a civic space located in a central location also surrounded by small retail; (6) NPDp9 

Pedestrian Scale where it is required to push away high-rise towers from the street line 
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and maintain a four-six stories at the street level; and (7) NPDp10 Parking Location that 

requires that parking be located in the rear of buildings of basements, but away from the 

sidewalks.  

We added three points to the NPDc1 Walkable Streets. One point is given for including 

street furniture (e.g., benches, waste baskets), another point for adding water bodies 

(e.g., fountains, water walls), and a third point for including buildings with front 

porches, balconies and outdoor cafes, all characteristics identified in the scientific 

literature review in the first stage of this research.  

Because the provision of trees is a prerequisite in the new LEED-NDW+, NPDc14 was 

changed from “Tree-Lined and Shaded Structures” to “Vegetated Streetscapes” where 

two points are given for a strip of vegetation along the streets that buffers the sidewalks 

and bike lanes from the road. These vegetated spaces must contain grassy areas (of at 

least 15 square feet, or 1.39 m2) and infrastructure for dog-walking (waste bags and 

waste containers) every 100 feet (30 m). Also, these spaces must follow the landscape 

design for rainwater gardens that infiltrate stormwater and reduce floods (following on 

the rainwater management requirements of GIBc8). 

In addition to these changes, five points were distributed in LEED-NDW+ among three 

new credits: (1) NPDc16 Child-Care Facility that gives one point for including one of 

these facilities within walking distance to homes; (2) NPDc17 Traffic Calming 

Treatments that gives two points for implementing any three of a list of possible traffic 

calming treatments on the streets of the neighborhood (see Table 6.4 for options); and 
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(3) NPDc18 Street design that gives two points for adding awnings, marquees, 

balconies, arcades, and galleries to the streets. 

Finally, we changed GIBc17 Light Pollution Reduction from a credit to a prerequisite 

(GIBp5) because this analysis found that LEED-ND does not require the provision of 

lighting and it is essential for surveillance and safety. In addition, we added some 

specifications for GIBc16 Solid Waste Management, where the location of these 

containers must be far from the main sidewalks to reduce fumes. We created a new 

credit, the GIBc17 Green Play Space. This point is given to neighborhoods that provide 

a small grassy play space (1 acre or 0.40ha) safeguarded from traffic and overlooked by 

dwelling units within one minute walk (100 meters) from homes.  

In order to ensure that the recommendations for a walkability enhanced LEED-ND, 

LEED-NDW+ new credits and prerequisites are in a form that could be readily 

understood, and potentially used, but the design and planning communities, they were 

summarized in the form of a typical LEED checklist (Table B14). This is a modification 

of the original LEED-ND checklist (Table B1), where all changes are captured in bold 

(Table B15).  

Table B15. LEED-NDW+ Checklist incorporates findings from the literature that 
enhance walkability. Shown in bold are changed items (downloaded and modified from 
(“LEED v4 for Neighborhood Development Checklist | U.S. Green Building Council” 
2015, 4) 

Code Type Design Element Possible 
points for 

certification 
Smart Location & Linkage (SLL) 
SLLp1 Prereq  Smart Location Required 
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SLLp2 Prereq  Imperiled Species and Ecological Communities  Required 
SLLp3 Prereq  Wetland and Water Body Conservation Required 
SLLp4 Prereq  Agricultural Land Conservation Required 
SLLp5 Prereq  Floodplain Avoidance Required 
SLLc1 Credit  Preferred Locations 2 
SLLc2 Credit  Brownfield Remediation 2 
SLLc3 Credit  Access to Quality Transit 7 
SLLc4 Credit  Bicycle Facilities  2 
SLLc5 Credit  Housing and Jobs Proximity 3 
SLLc6 Credit  Steep Slope Protection 1 
SLLc7 Credit  Site Design for Habitat or Wetland and Water Body Conservation 1 
SLLc8 Credit  Restoration of Habitat or Wetlands and Water Bodies  1 
SLLc9 Credit  Long-Term Conservation Management of Habitat or Wetlands & 

Water Bodies 
1 

Total 20 
Neighborhood Pattern & Design (NPD) 
NPDp1 Prereq  Walkable Streets  Required 
NPDp2 Prereq  Compact Development  Required 
NPDp3 
NPDp4 
NPDp5 
NPDp6 
NPDp7 
NPDp8 
NPDp9 
NPDp10 

Prereq 
Prereq 
Prereq 
Prereq 
Prereq 
Prereq  
Prereq 
Prereq 

Connected and Open Community 
Mixed-use Development 
Pedestrian and Bicycle Infrastructure 
Tree-lines Streets 
Greenspace 
Civic Space 
Pedestrian Scale 
Parking Location 

Required 
Required 
Required 
Required 
Required 
Required 
Required 
Required 

NPDc1 Credit  Walkable Streets  12 
NPDc2 Credit  Compact Development  6 
NPDc3 Credit  Mixed-Use Neighborhoods 4 
NPDc4 Credit  Housing Types and Affordability 7 
NPDc5 Credit  Reduced Parking Footprint  1 
NPDc6 Credit  Connected and Open Community 2 
NPDc7 Credit  Transit Facilities  1 
NPDc8 Credit  Transportation Demand Management 2 
NPDc9 Credit  Access to Civic & Public Space 1 
NPDc10 Credit  Access to Recreation Facilities 1 
NPDc11 Credit  Visitability and Universal Design 1 
NPDc12 Credit  Community Outreach and Involvement  2 
NPDc13 Credit  Local Food Production 1 
NPDc14 Credit  Vegetated Streetscapes 2 
NPDc15 
NPDc16 
NPDc17 
NPDc18 

Credit 
Credit 
Credit 
Credit 

Neighborhood Schools 
Child-care Facility 
Traffic Calming Treatments 
Street design 

1 
1 
2 
2 

Total 49 
Green Infrastructure & Buildings (GIB) 
GIBp1 Prereq  Certified Green Building  Required 
GIBp2 Prereq  Minimum Building Energy Performance Required 
GIBp3 Prereq  Indoor Water Use Reduction  Required 
GIBp4 
GIBp5 

Prereq  
Prereq 

Construction Activity Pollution Prevention 
Light Pollution Reduction 

Required 
Required 

GIBc1 Credit  Certified Green Buildings 5 
GIBc2 Credit  Optimize Building Energy Performance 2 
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GIBc3 Credit  Indoor Water Use Reduction 1 
GIBc4 Credit  Outdoor Water Use Reduction 2 
GIBc5 Credit  Building Reuse 1 
GIBc6 Credit  Historic Resource Preservation and Adaptive Reuse 2 
GIBc7 Credit  Minimized Site Disturbance 1 
GIBc8 Credit  Rainwater Management 4 
GIBc9 Credit  Heat Island Reduction 1 
GIBc10 Credit  Solar Orientation 1 
GIBc11 Credit  Renewable Energy Production 3 
GIBc12 Credit  District Heating and Cooling 2 
GIBc13 Credit  Infrastructure Energy Efficiency 1 
GIBc14 Credit  Wastewater Management 2 
GIBc15 Credit  Recycled and Reused Infrastructure 1 
GIBc16 
GIBc17 

Credit  
Credit 

Solid Waste Management 
Green Play Space 

1 
1 

Total 31 
Innovation & Design Process (IDP)  
IDPc1 Credit  Innovation   5 
IDPc2 Credit  LEED® Accredited Professional 1 

Total 6 
Regional Priority Credits (RP) 
RPc1 Credit  Regional Priority Credit: Region Defined 1 
RPc2 Credit  Regional Priority Credit: Region Defined 1 
RPc3 Credit  Regional Priority Credit: Region Defined 1 
RPc4 Credit  Regional Priority Credit: Region Defined 1 

Total 4 
TOTAL 110 

 

The proposed LEED-NDW+ captures the main aspects of what our previous literature 

review showed as essential for physical activity and human health. Because LEED-ND 

has been adopted by municipalities as a design guideline for development, LEED-

NDW+, if considered by the USGBC, has the potential to increase physical activity and 

human health. 

The new LEED-NDW+ maintains the sustainable integrity of LEED-ND because the 

existing prerequisites and credits are preserved. However, the proposed LEED-NDW+ 

may be more costly and difficult to implement by developers because there are more 

prerequisites that cannot be ignored, and some of these may result in loss of profit and/or 



	   156	  

additional costs. Getting a project to be LEED-ND certified is not easy. Lewin (2012) 

describes that the prerequisites in LEED-ND are already an impediment for certification 

for many projects. LEED-NDW+ proposes even more prerequisites and this may 

discourage developers from pursuing certification. In addition, the prerequisites may 

represent additional cost and/or loss of revenue. For example, the prerequisite for 

greenspace (NDPp7: Greenspace in Table B14) means that a piece of land will be 

devoted for this use without direct revenue to the developer. Instead of selling more 

dwelling units or retail area, land is now devoted for greenspace translating into less 

profit. The same effect can happen to trees. The proposed LEED-NDW+ requires trees 

along the streets of the neighborhood (NPDp6: Tree-lined Streets in Table B14), and this 

represents additional costs. The benefits of trees (e.g., reduce air pollution, noise, 

increase safety, aesthetics) are not absorbed by the developer therefore there is no direct 

incentive to include trees. However, in neighborhoods where crime is not an issue, 

properties that are in close proximity to greenspace may provide a premium in the value 

(Troy and Grove 2008), and this may incentivize developers to devote land for 

greenspace. 

It has been argued that walkability itself provides a premium, but it is related to low 

development costs. Pivo and Fisher (2011) found associations between walkability and 

higher office, retail, and apartment values, but warned that developers benefit from this 

premium only if it is not exhausted by expenses related to development. Because the 

LEED-ND certification process has been described as too complex, time-consuming and 
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expensive for small projects (Lewin 2012), the new LEED-NDW+ may be even more 

so.  

Once the public health benefits of walkable neighborhoods are more evident, and this is 

reflected in the market and in public health driven regulations, it will be very useful to 

have a practical tool such as LEED-NDW+ to guide development toward healthy 

communities. 

Next steps for this research include the integration of landscape connectivity principles 

into LEED-ND. Because urbanization has caused habitat fragmentation that threatens 

biodiversity (Andersson and Bodin 2008), it is critical that greenspace in cities is 

connected in order to allow species to move across the urban matrix and prevent the loss 

of species. LEED-ND must reflect this impact of neighborhood design on the 

environment in order to guide development towards sustainability. 
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APPENDIX C: THE BUILT ENVIRONMENT, PHYSICAL ACTIVITY AND 

WELLBEING: TESTING THE WALKABILITY MODEL 
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C1: ABSTRACT 

The built environment influences human behavior and physical activity, which in turn 

influences human wellbeing. Research from multiple domains has provided insights on 

how neighborhood design can be manipulated to have a more favorable impact on 

physical activity, a concept known as walkability. Those research findings have been 

integrated into a Walkability Framework that was developed to help practitioners (e.g., 

architects, developers and planners) more practically design neighborhoods in a way that 

maximizes walkability. This conceptual framework organizes the neighborhood design 

elements of the built environment into nine walkability categories: connectivity, density, 

land-use, traffic safety, surveillance, parking, experience, greenspace, and community. 

The purpose of this study is to test if this conceptual framework can be used as a model 

to measure the built environment in relation to physical activity and wellbeing. This is 

accomplished by exploring correlations between the walkability categories and the 

physical activity and wellbeing reported through a survey of residents of Tucson, 

Arizona (n=486). Results include significant correlations between the walkability 

categories and self-reported physical activity, and the two types of walking (recreation 

and transportation), with stronger results for walking for transportation. To our 

knowledge, this is the first study that links walkability with walking for recreation and 

we think this happened because the Walkability Framework captured elements of the 

built environment that affect the two types of walking. In addition, the use of the 

Walkability Framework allowed us to rank the walkability categories in relation to the 

two types of walking providing valuable insights on the effects of the built environment 
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on physical activity. Familiarity emerged as a variable that influences walking for 

recreation but not walking for transportation. This research also found significant 

correlations between physical activity and physical and social health. Results of this 

study support the use of the Walkability Framework as a model to measure the built 

environment in relation to physical activity and wellbeing. We call this the Walkability 

Model. 

Keywords: walkability, physical activity, wellbeing, built environment 
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C2: INTRODUCTION 

The fourth leading cause of death worldwide is physical inactivity (Adams et al. 2013). 

Sedentary lifestyles and subsequent obesity are the key to chronic disease patterns 

(Frank et al. 2003) that result in non-communicable diseases (non-infectious and non-

transmittable diseases) such as heart disease, cancer, stroke, and high-blood pressure 

(Jackson 2011). Public health efforts to improve health are being concentrated in the 

promotion of moderate types of physical activity, such as walking and biking, because 

these are easier for inactive populations to begin and maintain and these are also easier 

to incorporate into daily routines (Frank et al. 2003). The built environment has been 

identified as an essential factor for integrating physical activity into daily lives (Cerin et 

al. 2013; Frank et al. 2003; Frumkin et al. 2011; Sallis et al. 2010). Concerned 

international organizations such as the World Health Organization (WHO) have called 

for changes in urban design, transportation and recreational facilities that facilitate 

walking in order to prevent non-communicable diseases and improve human health 

(Adams et al. 2013). In order for such changes to be effective, it is critical to identify the 

neighborhood design elements of the built environment that influence physical activity.  

Behavioral scientists have identified two types of walking: recreation and transportation 

(Giles-Corti et al. 2005; Saelens and Handy 2008). Walking for recreation refers to 

walking with the purpose of exercise, or simple recreation, whereas walking for 

transportation refers to the purpose of reaching a destination (Saelens and Handy 2008). 

Research has found distinctions in the type of walking and its relation to the built 
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environment where walking for transportation is related to the design of the 

neighborhood while recreational walking is not (Rodríguez et al. 2006; Saelens et al. 

2003; Toit et al. 2007). 

The built environment affects wellbeing in multiple ways in addition to directly 

influencing their level of physical activity through transportation choices. The WHO 

defines health as “a state of physical, mental and social well-being and not merely the 

absence of disease or infirmity” (WHO 1948). Sandifer et al. (2015) identified that 

wellbeing relies on the provision of a supportive environment, freedom of choice, 

personal security, social relationships, adequate employment and income, access to 

educational resources, and cultural identity. The built environment may affect several of 

these essential elements of wellbeing through a range of neighborhood design elements 

that influence factors (proximity, connectivity, safety, etc.), for example, by locating 

homes close to services central to the daily lives of inhabitants such as jobs, schools, 

museums and theaters, and spaces that allow social interaction with other people in a 

safe environment.  

2.1 A Walkability Framework 

In order to assess the neighborhood design elements of the built environment that 

influence physical activity and wellbeing, it is necessary to both capture the state-of-the-

art research on walkability and organize the results in a way that can be readily used by 

those directly influencing the design of the built environment (e.g., architects, builders, 

developers, planners). The Walkability Framework (Figure C1) serves the purpose. It 
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was derived from a literature review that integrated the findings from several research 

domains exploring the relationship between the built environment and walkability, 

including physical activity, transportation, land planning, thermal comfort, health and 

greenspace. It also incorporates walkability form the perspective of architecture and 

urban design through the Leadership for Energy and Environmental Design for 

Neighborhood Development (LEED-ND) design guidelines (USGBC 2014). Finally, the 

framework groups the neighborhood design elements into nine walkability categories 

that integrate well into the present structure of LEED-ND: connectivity, density, land-

use, traffic safety, surveillance, experience, parking, greenspace and community (Figure 

C1, Table C1). This organization follows previously developed and validated tools that 

include the Neighborhood Environment Walkability Scale (NEWS) questionnaire 

(Saelens et al. 2003), its abbreviated form NEWS-A (Cerin et al. 2006), the Walkability 

Index (Frank et al. 2009). It also considers the Ten Steps of Walkability proposed by 

(Speck 2012), and the Ten Criteria for Walkability proposed by (Massengale and Dover 

2014).  



	   166	  

 

Figure C1. Walkability Framework of the neighborhood design elements that 
influence physical activity grouped into nine categories: connectivity, land-use, traffic 
safety, surveillance, parking, experience, greenspace, and community.  

 

Connectivity refers to the design elements that provide shortness and directness of routes 

and it considers street network (grid vs. cul-de-sacs), barriers (busy intersections), and 

accessibility (gates and fences). Land-use refers to the proximity of different land uses 

(services close to homes). Density refers to the residential density or number of dwelling 

units per unit of area (e.g., multi-family buildings, temporary homes, apartments, town 

homes, single-family housing) and retail density. Traffic safety refers to the provision of 

walking and biking infrastructure that separates pedestrians and bikers from the road 

(sidewalks, bike lanes, on-street parking, etc.). Surveillance refers to the design 

characteristics of buildings that are oriented towards the street so that people inside the 

building can see the people walking on the street (e.g., front porches, small setbacks, 
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entries located towards the street, lighting). Parking refers to the difficulty to find 

parking that can lead to people choosing alternative modes of transportation. It also 

refers to locating parking away from the street (e.g., behind the buildings). Experience 

refers to how nice it is to walk and bike on the streets and includes aesthetics (beautiful 

buildings and natural sights), thermal comfort (shade), way finding (signage, 

landmarks), and slope. Greenspace refers to the proximity and access to parks, 

greenways, and every other outdoor public space with vegetation that encourages 

physical activity and social interactions. Finally, community refers to the spaces that can 

foster community activities (plazas, community center, shared facilities).  

 

Table C1. The neighborhood design elements are grouped into nine categories that 
compose the Walkability Framework. 
Walkability 
Categories 

Objective Examples of neighborhood design 
elements 

Connectivity Provide a street network that gives 
multiple direct and short routes. 

Include: 
• Grid street network  
• Multiple 4-way intersections 
Avoid: 
• Dead end streets 
• Busy intersections 
• Gates and fences 
 

Land-use Mix land uses so that there are 
multiple destinations for walking. 

• Locate small size services within ½ 
mile from homes 

• Must include: food stores with produce, 
schools and child-care facilities, 
bus/transit stops, and restaurants 

• Desirable to include museums and 
theaters 

Density  Neighborhoods must have a high 
residential and retail density 
maintaining the pedestrian scale at 
the street level. 

• Include different types of housing 
options (e.g., townhomes, apartments) 

• Push high-rise tower away from street 
line in a podium way 

Traffic safety Give pedestrians and cyclists 
supremacy over cars in the streets. 

• Provide ample sidewalks and bike lanes 
• Buffer sidewalks and bike lanes with a 
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Also, provide safe and comfortable 
bus stops and a frequent and 
reliable bus service, and slow 
traffic down using traffic calming 
treatments. 

strip of vegetation and on-street parking 
• Implement traffic calming treatments 

(speed bumps, pedestrian only streets, 
speed limit signage) 

• Bus stops must have a sitting area 
covered and safe 

• Provide a frequent and reliable bus 
service that connects to the rest of the 
city 

Surveillance  Design buildings so that people 
from inside the buildings can 
watch pedestrians on the streets. 
 

• Locate building close to the street 
• Orient building entries towards street at 

short intervals 
• Windows must be located towards the 

street at pedestrian level with clear 
glass 

• Include front porches, balconies, and 
outdoor cafes overlooking the street 

• Provide lighting 
Parking  Decrease parking availability and 

locate parking away from streets. 
• Provide incentives for car sharing 
• Locate parking behind buildings or in 

basements with entries towards 
secondary streets 

Experience  Provide a pleasant walking and 
biking experience by addressing 
the streetscape, aesthetics, way 
finding, thermal comfort, slope, 
fumes, and dogs. 

• Include trees and vegetation along the 
streets, water bodies, landmarks, 
signage, high fences,  

• Locate garbage containers away from 
the sidewalks 

• Implement maintenance and cleaning 
programs for trash, graffiti, and 
evenness of sidewalks 

Greenspace  Include a variety of greenspace in 
size and proximity with easy 
access. 

• Include greenspace at 1 min walk, 5 
minute walk, and 10 minute walk from 
homes and in a variety of sizes.  

• All homes must have a view of nature 
Community  Provide spaces for social 

interactions within the 
neighborhood, increase diversity 
and encourage neighbors’ 
participation in the decision 
making process of the community. 

• Include a civic space, community 
center, shared facilities, permaculture 
garden, and spaces for community 
gathering within the neighborhood 

• Encourage neighbors participation in 
organizations 

 

The Walkability Framework is a conceptual representation of theories and findings 

derived from a literature review, but whether it actually captures links between the built 

environment and physical activity in a quantitative way – that is, as a model - is still key 

unknown. The purpose of this study is to test if the Walkability Framework can be used 
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as a model to measure the built environment in relation to physical activity and 

wellbeing. The research questions are: 

1. Are there significant correlations between the built environment, assessed by the 

Walkability Framework, and physical activity? 

2. Are there significant correlations between the walkability categories and 

physical activity? 

3. What walkability category is more influential for physical activity? 

4. What are the differences between the two types of walking (recreation and 

transportation) and the walkability categories?  

5. Is self-reported physical activity related to wellbeing? 

 

C3: METHODS 

In order to gain deeper insight into the relationships between human wellbeing, physical 

activity and walkability with respect to neighborhood design, we developed a 

questionnaire specifically to capture the perceptions, attitudes and behavior of 

neighborhood residents with respect the categories of walkability/neighborhood design 

comprising the Walkability Framework (Figure C1). We developed this questionnaire on 

the foundation of existing and validated instruments that have been used to capture 

many of the variables of concern, adapting some, and developing and testing unique 

questions for others. The resulting questionnaire was then refined based on the results of 
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a validation exercises, and then put into its final form in both an online and paper 

version, and then administered to residents of Tucson, Arizona between January and 

March 2014.  Tucson was selected for this study because four neighborhood design 

approaches of interest are prevalent within a relatively concentrated area and the dry and 

warm climate is highly accommodating to walking for a large portion of the year 

(October to May), particularly during the study period.   

The questionnaire is divided in four sections: (1) walkability, (2) physical activity, (3) 

wellbeing, and (4) demographics.  

3.1 Walkability 

The walkability section was structured to include the elements in the Walkability 

Framework (Table C1). It includes the questions taken from the Neighborhood 

Environment Walkability Scale (NEWS) questionnaire developed by Saelens et al. 

(2003) and later abbreviated by Cerin et al. (2006) as well as questions based on the 

walkability design guidelines from the Leadership for Energy and Environmental Design 

– for Neighborhood Development (LEED-ND) (“LEED-NDv2009 -USGBC” 2013). 

Eight of the nine categories of the Walkability Framework (Figure C1; Table C1) are 

addressed. The Parking category was not included in this study because Tucson and the 

surrounding metropolitan area have ample parking availability throughout the day so it 

became irrelevant to measure this variable. In addition, the density category in this study 

did not consider high-rise towers because these are uncommon in Tucson. 
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From the perspective of the respondent, the walkability section was structured on points 

assigned to each potential response or value, where higher values indicate a greater 

contribution to walkability. In order to ensure comparability of the data between 

walkability categories, the values in responses to each question in each walkability 

category were designed to be added to get a total for that category, which could then 

normalized to a 0 to 1 scale. The normalized values for the eight walkability categories 

captured in the survey could then added together and adjusted to a scale of 0 to 1, the 

basis of the overall Walkability Index. 

The majority of the questions designed to address the walkability categories were 

formed based on a 4-point Likert scale (Strongly agree, Agree, Disagree, Strongly 

disagree) (Table C2). Some of these scaled questions required a reversing in the values 

(with respect to their original form) so that all walkability questions consistently 

delivered an increasing value order (from lower to higher levels of walkability).   

Exceptions to the Likert scale format included questions in a binary format (0 or 1) 

questions structured as a list of alternatives. Not all alternatives were deemed equal 

contributors to walkability. For example, in the land-use category, the participants were 

asked to select the “services close to home” giving multiple options. Most service 

options were valued at one point (1X). However, some services warranted additional 

points because of the added importance they play in enhancing the walkability of a 

neighborhood.  Destinations which were given 3 points (3X), included those which 

either a) require daily trips (school and child-care), b) provide food and fresh produce 
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(supermarket, food retail, farmers market), or c) have working hours that extend beyond 

regular business hours, thereby providing added street vitality to the neighborhood 

(restaurants, theaters). One service was attributed five points (5X): bus stops provide 

opportunities to travel beyond the neighborhood without the use of the automobile.  

Table C2. Inputs from questionnaires for the nine walkability categories  

Connectivity questions  Options Value 
1. There are major barriers for walking 
2. The distance between intersections is usually short (100yards)* 
3. There are many alternative routes for getting from place to 

place* 
4. My neighborhood is a gated community 
5. My neighborhood is fenced on the outer boundary 
6. The streets in my neighborhood have many cul-de-sacs 
7. Back alleys serve most of the garages in my neighborhood* 

Strongly agree 1 
Agree 2 
Disagree 3 
Strongly disagree 4 
 

Density questions Options Value 
1. Select the option that best describes your dwelling type unit  Single family 1 

Townhome 2 
Apartment 3 
Multi-family 4 
Temporary home 5 

2. How common are single-family housing?* 
3. How common are townhomes? 
4. How common are apartments/condos?* 

None 1 
A few 2 
Some 3 
Most 4 
All 5 

Land-use questions Options Values 
Check the services that are located within 10 minute walking 
distance (1/2 mile or less from your home (check all that apply) 
Bus stop, Gym, Post office, Bank, Supermarket, Hair salon/barber, 
School, Police station, Food store with produce, Laundry/dry 
cleaner, Theater, Pharmacy, Clothing store, Restaurant/café/diner, 
Medical clinic, Convenient store, Government office, Farmers 
market, Child care facility, Social services center, Hardware, 
Museum 

Checked 1 
Unchecked 0 
Basic services valued at 1. 
Essential services:  Supermarket, 
School, Food, Theater, 
Restaurant, Child care, Farmers 
market valued at 3X. Essential 
service that also provides external 
connectivity: Bus stop, 5X 

Traffic Safety questions Options Value 
1. There are bike lanes on most of the streets* 
2. There are sidewalks on most of the streets* 
3. Sidewalks are separated from road/traffic by parked cars* 
4. There is grass/dirt strip that separates the streets from most of 

the sidewalk* 
5. There are dirt trails on most of the streets* 
6. There are crosswalks and pedestrian signals to help walkers 

cross busy streets* 

Strongly agree 1 
Agree 2 
Disagree 3 
Strongly disagree 4  
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7. The streets have speed bumps* 
8. The speed limit is 25mph or less on most of the streets* 
Surveillance questions Options Values 
1. My neighborhood street are well lit at night* 
2. Most units have front porches* 
3. The buildings are located close to the street* 
4. Most dwellings have front garage doors 
5. My neighborhood has back alleys with garages* 

Strongly agree 1 
Agree 2 
Disagree 3 
Strongly disagree 4

  

Experience questions Options Values 
Aesthetics 
1. There is graffiti in my neighborhood 
2. There is trash/litter in my neighborhood 
3. There are many attractive natural sights to look at while 

walking* 
4. There are attractive buildings and homes* 
5. Possible interactions with wildlife makes it attractive to go on 

walks* 
6. Possible interactions with wildlife or stray dogs makes it 

unsafe to go on walks 

Strongly agree 1 
Agree  2 
Disagree 3 
Strongly disagree 4 
 

Slope 
7. Most streets are hilly making it difficult to walk or bike 
Way-finding 
8. It is easy to get lost while walking 
9. There is clear signage or landmarks that help me find my way* 

Thermal comfort 
10. There is enough shade to walk comfortably* 
11. There are trees along the streets* 
Greenspace questions Options Values 
Proximity to Greenspace 
1. How far is the nearest greenspace from your home?* 

¼ mi (5 min walk) 1 
1/2mi (10 min walk) 2 
Farther that 1/2mi 3 

2. Greenspace is a services close to home Checked 1 
Unchecked  0 

Access to Greenspace 
3. It is easy to walk to greenspace from my home* 

Strongly agree 1 
Agree 2 
Disagree 3 
Strongly disagree 4 

Community questions Options Values 
1. Selecting/not-selecting “Community facilities”  and 

“Church” as services close to home 
Checked 1 
Unchecked  0 

2. My neighborhood shares facilities (e.g., pool, tennis courts, 
community center)* 

Strongly agree 1 
Agree 2 
Disagree 3 
Strongly disagree 4 

*Questions marked with an asterisk were reversed from their original source format in order to be 
consistent with intent of the instrument to capture increasing levels of walkability.  
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3.2 Physical activity 

The physical activity section includes five questions that inquire about methods of 

transportation to reach a greenspace, walking to a service close to home, and number of 

days of the previous week in which people walked (Table C3). The last three question 

are based on the International Physical Activity Questionnaire (IPAQ), which is an 

instrument that measures physical activity across multiple populations of the world 

(“Downloadable Questionnaires - International Physical Activity Questionnaire” 2015) 

and has been used in several studies on physical activity (Craig et al. 2003; Kim et al. 

2013). Similar to the approach taken in the walkability section, the response values were 

added together and adjusted to a scale of 0 to 1 in order to get the Physical Activity 

Index.  

Table C3. Inputs from questionnaire for the physical activity section. 

Physical activity questions Options Value 

1. What method of transportation do you usually use to reach a greenspace? 
Options: Walk, Skate, Bike 

Checked 1 
Unchecked 0 

2. Do you walk to any service from your home?* 
 

Yes 1 
Sometimes 2 
No 3 

During the last 7 days, on how many days did you… 
3. … Walk for 10mins? 
4. … Walk to a service? 
5. … Walk to a greenspace 

0 days 1 
1 day 2 
2 days 3 
3 days 4 
4 days 5 
5 days 6 
6 days 7 
7 days 8 

*Questions marked with an asterisk were reversed from their original source format in order to be 
consistent with intent of the instrument to capture increasing levels of physical activity. 
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In order to assess the two types of walking, the physical activity section was divided into 

two parts: walking for transportation and walking for recreation (Table C4). We divided 

the questions with respect to the intention of walking. If the intention is to reach a 

service or as a transportation route, the questions were placed in “walking for 

transportation”, whereas if the intention is to exercise, go to a greenspace, or dog-

walking, these questions were placed in “walking for recreation”. We added one 

question for each section that inquires about activities done on the street and the options 

were placed accordingly (Table C4).  

 

Table C4. Physical activity questions assess the two types of walking, transportation 
and recreation. 
Walking for transportation questions Options Inputs 
1. Do you walk to any service from your home?* 
 

Yes 
Sometimes 
No  

1 
2 
3 

2. During the last 7 days, on how many days did you… 
Walk to a service 
 

 

0 days 
1 day 
2 days 
3 days 
4 days 
5 days 
6 days 
7 days 

1 
2 
3 
4 
5 
6 
7 
8 

3. What activities do you or your family do in the streets of your 
neighborhood? 

4. (Use streets) as a transportation route (walking/biking) 

Checked 
Unchecked  

1 
0 

Walking for recreation questions Options Inputs 
5. What method of transportation do you usually use to reach a 

greenspace? 
Walk, Skate, Bike 

Checked 1 
Unchecked  0 
  

6. What activities do you or your family do in the streets of your 
neighborhood? (check all that apply) 
Exercise, Dog-walking 

7. During the last 7 days, on how many days did you… 
Walk for 10mins, Walk to a greenspace 

0 days 
1 day 
2 days 
3 days 
4 days 
5 days 

1 
2 
3 
4 
5 
6 
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6 days 
7 days 

7 
8 

*Questions marked with an asterisk were reversed from their original source format in order to be 
consistent with intent of the instrument to capture increasing levels of physical activity.  

 

3.3 Wellbeing 
 

The wellbeing section was based on the 12-item Short Form Health Survey (12-SFHS) 

developed by Ware Jr et al. (1996) to measure self-reported physical and mental health, 

adding two questions for social health (Table 5). For this study, the last question from 

the 12-SFHS was moved to the social health section because it inquires about social 

activities. The values for the physical, mental, and social health sections were added 

together and adjusted to a scale of 0 to 1 in order to get the Physical Health Index, 

Mental Health Index, and Social Health Index. In addition, the values for the three 

health sections (physical, mental, and social health) were added together and adjusted to 

a scale of 0 to 1 in order to get the Wellbeing Index. 

 

Table C5. Social Health was captured with three questions. The first questions is taken 
from (Ware Jr et al. 1996). 
Inputs from Survey for Social Health Options Values 
How much time during the past 4 weeks: 
1. Has your physical health or emotional health interfered with your 

social activities (like visiting friends, relatives, etc.)? (from 
(Ware Jr et al.1996) 

2. Have you had someone (or a pet) to walk with?* 
3. Have you met with family and friends?* 

All of the time 1 
Most of the time 2 
Some of the time 3 
None of the time 4 

*Questions marked with an asterisk were reversed from their original source format in order to be 
consistent with intent of the instrument to capture increasing levels of social health.  

 

3.4 Demographics 
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Demographics included: Age (18-29, 30-39, 40-49, 50-59, 60-69, and 70 or more), 

Gender (Male/Female), Race/Ethnicity (check all that apply) (African-American, 

Alaskan Native, American Indian, Asian, Hispanic or Latino, Native Hawaiian, White, 2 

or more races), Income ($30,000 or less, $30,001 to $59,000, $60,000 or more), 

Education (check all that apply) (High-school, Professional School, University or 

College, Master’s/PhD) (Table C4).  

The penultimate draft of the questionnaire was validated based on input from a subset of 

experts drawn from the research domains which contributed to the content of the 

questionnaire (built environment, physical activity, behavioral health, transportation, 

thermal comfort, land planning, architecture, and urban design), and then tested for 

comprehension and clarity with a group of university students from a range of 

disciplines. Based on the input received in these two steps, both the questions and the 

physical structure of the instrument were refined.  

There were two format versions of the questionnaire: online and paper-based. The online 

version was created using a survey and statistics software DatStat Illume v. 5.1(“DatStat 

| Illume and Discovery Software for Research Surveys” 2012).  

Recruitment was based on reaching potential participants through trusted channels of 

communication associated with the central topic of the questionnaire, neighborhood 

design. In Tucson and Pima County, these are neighborhood correlations and home 

owners correlations, which are supported administratively by local electoral districts 

known as wards. Ward officials helped arrange contacts with the presidents of 
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neighborhood correlations of the City of Tucson and the presidents of home owners 

correlations of Pima County for the metro area. The ward officials and the presidents 

were contacted by the researcher prior to the distribution explaining the research project 

and asking them for their collaboration in forwarding an invitation email to all their 

residents that contained the link to the online questionnaire. The paper version of the 

questionnaire was distributed through visits to one of the most important walking 

destinations in Tucson which is known as the Rillito River Park. This park is a greenway 

that has a walking/biking path along the Rillito River wash and extends for several 

miles. This park was chosen because it is accessible to a gradient of socioeconomic 

populations and different types of neighborhoods in terms of design. The paper version 

of the questionnaire was also distributed by mail to reach those residents not accessible 

via email.  

The total number of responses was 486 (N=486), comprised of 338 from the online 

version (n=338), 103 from the visits to the park (n=103), and 45 from the mailed surveys 

(n=45) (Figure C2).  
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Figure C2. Source of responses for the questionnaire. This graph shows the number 
of responses according to recruitment method, adding up to a total of 486 responses 
(N=486). 

 

The statistical analysis consisted of bivariate correlations to establish magnitude and 

direction of relationships as well as its significance. The Pearson Correlation coefficient 

shows the direction of the relation between the variables (positive values indicate that – 

as one variable increases the other variable increases, and negative values indicate that - 

as one variable increases the other variable decreases). The Pearson Correlation also 

provides the magnitude of the relationship and it ranges from 0 to 1, where a moderate 

correlation is considered when this value is higher than 0.3 and lower than 0.7, and it is 

considered strong when the Pearson Correlation is higher than 0.7. This test also shows 

the significance of the correlation, where it is considered significant when the p value is 

lower than 0.05. This test does not show causation, only a high probability of occurrence 
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when the relationship is significant and at least moderate. This analysis was conducted 

using SPSS (“IBM SPSS Software” 2015). This research was approved by the 

Institutional Review Board for the Protection of Human Subjects at the University of 

Arizona on December 12, 2013 (IRB # 13-0855 UAR Number 1300000855). 

 

C4: RESULTS 

Demographics of our sample population show about half of the respondents (47%) 

reported to be 60 and over, while one fourth of the respondents (25%) reported to be in 

their 50s, and the remainder were between their 40’s (14%) and younger (14%) (Table 

C6). More than half of the respondents (63%) reported to be females. The majority of 

the respondents reported being of white ethnicity (88%), while most of the balance 

reported being Hispanic (9%), with the remainder reporting to be Native American, 

Asian, or two or more races. In terms of income, about half of the respondents (49%) 

reported a high-income, followed by about a third (32%) a medium income, and the 

remainder a low income. In terms of education, most of the respondents (91%) reported 

high-education (college/university degree or beyond), while the remainder reported 

professional school (4%), and high-school (5%). 	  

Table C6. Demographic information obtained from the questionnaire. 
Age group 

 Frequency Percent Valid 
Percent 

Cum. 
percent 

 



	   181	  

18-29 
30-39 
40-49 
50-59 
60-69 
70 or more 
Total 
No answer 
Total 

20 
34 
56 
96 

103 
79 

388 
98 

486 

4.1 
7.0 

11.5 
19.8 
21.2 
16.3 
79.8 
20.2 

100.0 

5.2 
8.8 

14.4 
24.7 
26.5 
20.4 

100.0 

5.2 
13.9 
28.4 
53.1 
79.6 

100.0 

 
Gender 

Male 
Female 
Total 
No answer 
Total 

142 
238 
380 
106 
486 

29.2 
49.0 
78.2 
21.8 

100.0 

37.4 
62.6 

100.0 

37.4 
100.0 

 
Race/Ethnicity 
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Native 
American 
Asian 
Hispanic 
White 
2 or more 
Total 
No answer 
Total 

4 
5 

32 
327 

4 
372 
114 
468 

.8 
1.0 
6.6 

67.3 
.8 

76.5 
23.5 

100.0 

1.1 
1.3 
8.6 

87.9 
1.1 

100.0 

1.1 
2.4 

11.3 
98.9 

100.0 

 
Income 

$30,000 or 
less 
$30,001 to 
$59,999 
$60,000 or 
more 
Total 
No answer 
Total 

70 
116 
180 
366 
120 
486 

14.4 
23.9 
37.0 
75.3 
24.7 

100.0 

19.1 
31.7 
49.2 

100.0 

19.1 
50.8 

100.0 

 
Education 
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High-
School 
Professio
nal 
School 
Universit
y or 
College 
Master’s 
– PhD 
Total 
No 
answer 
Total 

20 
17 

179 
167 
383 
103 
486 

4.1 
3.5 

36.8 
34.4 
78.8 
21.2 

100.0 

5.2 
4.4 

46.7 
43.6 

100.3 

5.2 
9.7 

56.4 
100.0 

 

 

For the first research question (Are there significant correlations between walkability, as 

assessed by the Walkability Framework, and physical activity?), this study found 

significant correlations between the Walkability Index and the Physical Activity Index 

(p value = 0.000) with moderate results (Pearson Correlation = 0.394) (Table C7).  

 For the second research question (Are there significant correlations between the 

walkability categories and physical activity?), we found significant correlations between 

the walkability categories and physical activity, as a result of bivariate correlations 

between the walkability categories and self-reported physical activity, with the 

exception of density (Table C7). The greenspace category showed moderate results, 

whereas the other categories showed weak results. 

Table C7. Relationship between the walkability categories and Physical Activity Index. 
Shown in bold are the significant and moderate/strong correlations. 
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Walkability category tested with Physical 
Activity Index 

Pearson 
Correlation 

Sig. N 

Connectivity 0.256 0.000 386 
Density 0.465 0.000 485 
Land-use 0.508 0.000 485 
Traffic safety 0.641 0.000 485 
Surveillance 0.309 0.000 380 
Experience 0.608 0.000 485 
Greenspace 0.653 0.000 485 
Community 0.182 0.000 380 
Walkability Index (values for the eight walkability 
categories added together and adjusted to a scale of 
0 to 1) 

 
0.394 

 
0.000 

 
373 

 

For the third research question (What walkability category is more influential for 

physical activity?), we found significant (p values > 0.05) and moderate correlations 

(Pearson Correlation values > 0.3 and < 0.7 in Table C7) for: greenspace, traffic safety, 

experience, land-use, density, surveillance, connectivity and community. 

For the fourth research question (What are the differences between the two types of 

walking (recreation and transportation) and the walkability categories?), we found that 

in the case of walking for recreation, the most influential walkability categories (at least 

moderate correlations) are: greenspace, experience, traffic safety, density, and land-use. 

Connectivity, surveillance and community were significantly related but the 

relationships are weak (Pearson Correlation < 0.3). Overall, the relationship between the 

Walkability Index (that considers all the walkability categories together and adjusted to 

a scale of 0-1) and the Physical Activity Index showed moderate results (Table C8). 

In the case of walking for transportation, the most influential walkability categories (at 

least moderate correlations) are: surveillance, connectivity, land-use, and traffic safety. 
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These are followed in magnitude by greenspace and community, both with weak results 

(Pearson Correlation < 0.3). Finally, no significant correlations were found for 

experience and density. The relationship between the Walkability Index and the Physical 

Activity Index showed moderate results (Table C8). 

Table C8. Walkability categories and the two types of walking: walking for recreation 
and walking for transportation. Shown in bold are the significant and moderate/strong 
correlations. 

Walkability category tested with Walking for 
Recreation 

Pearson Correlation Sig. N 

• Connectivity 0.161 0.002 386 
• Density 0.444 0.000 485 
• Land-use 0.435 0.000 485 
• Traffic safety 0.602 0.000 485 
• Surveillance 0.193 0.000 380 
• Experience 0.609 0.000 485 
• Greenspace 0.653 0.000 485 
• Community 0.118 0.021 381 
• Walkability Index (all walkability categories 

together) 
0.394 0.000 373 

Walkability category tested with Walking for 
Transportation 

Pearson Correlation Sig. N 

• Connectivity 0.390 0.000 361 
• Density -0.020 0.702 368 
• Land-use 0.379 0.000 368 
• Traffic safety 0.324 0.000 368 
• Surveillance 0.391 0.000 357 
• Experience 0.043 0.411 368 
• Greenspace 0.279 0.000 368 
• Community 0.279 0.000 355 
• Walkability Index (all walkability categories 

together) 
0.496 0.000 350 

 

For the fifth research question (Is self-reported physical activity related to wellbeing?), 

we found significant but weak correlations between the Physical Activity Index and the 

Physical Health Index and between the Physical Activity Index and the Social Health 
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Index (Table C9). No significant correlations were found between the Physical Activity 

Index and the Mental Health Index. However, we found a significant but weak 

correlation between the Physical Activity Index and the Wellbeing Index.  

Table C9. Correlations between the Physical Activity Index and the Wellbeing Indices 
(Wellbeing, Physical, Mental, and Social Health Indices). Shown in bold are the 
significant and moderate/strong correlations. 

Wellbeing Indices tested with Physical Activity 
Index 

Pearson 
Correlation 

Sig. N 

Physical Health Index 0.206 0.000 382 
Mental Health Index 0.014 0.787 383 
Social Health Index 0.225 0.000 383 
Wellbeing Index (physical, mental, and social health) 0.194 0.000 375 

 

C5: DISCUSSION 

It is important to acknowledge that the sample population of this study do not reflect the 

demographics of the population of Tucson. The participants of this study are mostly 

white (about 88%), highly educated (91% have a college degree or higher), high-income 

(49% earn $60,000 or more), 60 years and over (47%), and females (63%). In contrast, 

according to the US Census Bureau, the population of Tucson is 41.6% Hispanic and 

47.2% white (non-Hispanic); 24.2% have a college/university degree or higher; the 

median household income is $36,939; there are 11.9% of people 65 years and over; and 

50.5% of the population are females. The higher number of females responding surveys 

has been documented before (Laguilles et al. 2011; Parsons and Manierre 2014), as well 

as the high response rate of people with higher academic achievement (Parsons and 

Manierre 2014; Porter and Umbach 2006), higher income (Fleming et al. 2013), and 
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white ethnicity/race (Porter and Umbach 2006).  However, our results show numbers 

higher than expected. We hypothesize that the demographic of our sample population 

are in part explained by the increase of winter visitors in Tucson, which is when the data 

was collected (from January to March 2014). This factor could have elevated the age, 

education, and income level of the sample population. According to Sullivan and 

Stevens (1982), Arizona is a state within the U.S. Sunbelt that receives a large number 

of older visitors in the winter, and are referred to vernacularly as “snow birds”. These 

visitors, the authors describe, stay from three to ten months (depending on the weather in 

northern regions) usually living in a second home in case of affluent people, or in mobile 

homes and travel trailers for the less affluent. The authors describe that in the case of the 

wealthy second-home owners, they are mostly whites, married, and well educated. This 

aligns with our demographic results (wealthy, well-educated, whites, and 60 years or 

over). 

The demographics of our sample population of this study in terms of age can also be 

explained by the recruitment method. We found significant correlations (p value = 

0.000) between the way we recruited participants (online, park visits, and mail) and age. 

The respondents recruited online are mostly in the 50s and 60s age cohorts, and the 

respondents recruited by mail are mostly in the 60s cohort and over (Figure C3). These 

results suggest that people in the 50s age cohort and over are more likely to open emails 

from their neighborhood leader and respond to surveys. This group of people may be 

more involved in their neighborhood communities because by this stage of life they are 

likely homeowners and they consider this their permanent home, so they are more 
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concerned and involved in their communities that younger people that do not own a 

home and move more frequently. Also, this suggests that people in their 60s and over 

are more likely to open general mail and respond to surveys. The best recruitment 

method to get a more homogeneous sample in terms of age was the visits to the park.  

 
Figure C3. Age and recruitment methods. Percent participants within age cohorts 
according to recruitment method. Surveys distributed online were answered mostly by 
people in their 50s and 60s; surveys distributed through visits to the park were answered 
by all age cohorts with a peak on people in their 50s followed by 60s; and surveys 
distributed by mail were mostly answered by people in their 50s and over with a peak in 
the cohort in their 70s and over. 

	  

The recruitment method of this study could also affect the income distribution of the 
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sample population. We found a significant association (p value = 0.005) between income 

and recruitment method. However, the three recruitment methods show similar trends, as 

income increased, we had more respondents (Figure C4). This suggests that income in 

general may determine survey participation.  

 

Figure C4. Income and recruitment method. Percent of participants from income 
cohorts according to recruitment method. This figure shows that for the three 
recruitment methods, number of respondents increase as income increased. 

 

With regards to education and recruitment method, this study did not find a significant 

correlation. 

The purpose of this study was to test whether the Walkability Framework (Figure C1, 

Table C1) could be used as a model to measure the built environment in relation to 
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physical activity and wellbeing. We found that our assessment of the built environment 

with regards to physical activity, conceptualized as the Walkability Framework, is 

related to physical activity. Our results show, however, that our assessment of 

walkability found correlations between walkability and the two types of walking, 

whereas previous research has identified links with walking for transportation but not 

with walking for recreation (Rodríguez et al. 2006; Saelens et al. 2003; Toit et al. 2007). 

We hypothesize that this result derived from our assessment of walkability, through the 

use of the Walkability Framework, capturing more neighborhood design elements 

related to physical activity that what had been generally done. For example, to our 

knowledge, the greenspace and the community category (that are part of the Walkability 

Framework), have not been considered in previous research studies as part of 

walkability in the built environment, and these two categories raised the significance of 

the correlation between walkability and walking for recreation because these individual 

categories were found correlated to physical activity.  

Although we found significant correlations with walkability and the two types of 

walking, we found slightly stronger results (higher Pearson Correlation) for walking for 

transportation than we did for walking for recreation; which aligns with previous 

findings that identified that walkability is related to walking for transportation, as 

explained above. All of these results support the contention that the Walkability 

Framework can be used as a model to measure the relationship between the built 

environment and physical activity.  
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The distinction between the different types of walking provided interesting results. Our 

results identify those aspects of neighborhood design that are related to walking for 

transportation (surveillance, connectivity, land use and traffic safety) as well as those 

less related (greenspace and community), and those with no correlations (experience and 

density). This aligns with previous research that found links between walking for 

transportation and proximity to services (land-use), pedestrian and bicycle infrastructure 

(traffic safety), and safety from crime (surveillance) (Hartig et al. 2014). An important 

contribution from this study is that we could identify the walkability categories in 

relation to the two types of walking. For walking for recreation moderate correlations 

correspond to greenspace, experience, traffic safety, density, and land-use. These results 

provide insights of the effects of the built environment on the different types of walking.  

The different level of magnitude in these relationships may be explained by following 

this reasoning: if someone is walking to reach a destination (for transportation), it is 

important to have the impression of being easily observed by other members of the 

public (surveillance), to have short routes (connectivity), that the destinations are in 

close proximity (land-use), and that there is walking infrastructure (traffic safety). On 

the other hand, it not so important to have a park nearby (greenspace), or community 

facilities (community) particularly if these are not the destinations in mind. It was also 

understandable that the type of predominant housing in the neighborhood (density) was 

not related to walking for transportation. What was unexpected was to find that the 

experience category was not significantly related to walking for transportation. We 

hypothesize that the time of the year that we collected the data might have played a part 
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in these results because during winter, Tucson residents enjoy comfortable weather. 

Some variables in the experience category such as shade and presence of trees might not 

affect so much walking in the winter, whereas during summer months when 

temperatures soar in Tucson, this relationship might produce different results.  

With regards to walking for recreation, it was expected that greenspace, experience, and 

traffic safety produced the strongest correlations, which aligns with previous research 

where it has been documented that the greenness of the built environment influences 

walking for recreation and not walking for transportation (Hartig et al. 2014). Land-use 

showed weaker correlations because this type of walking is not based on seeking a 

destination, so proximity to shops and restaurant was not that important. Connectivity 

showed weak results with walking for recreation because a longer route may be 

enjoyable if the route itself is pleasant. Surveillance was weakly related to this type of 

walking and it may be explained because people might feel safe in their neighborhoods 

even if people inside nearby homes are not watching pedestrians when crime incident 

rate is low in the neighborhood and there is familiarity among neighbors (long time 

living in the same neighborhood). Indeed, we tested the amount of time living in 

neighborhood home (How long have you been living in your neighborhood? Options: 

Less than 1 year, 1 to 5 years, More than 5 years) and walking for recreation and we 

found significant (p value = 0.000) and moderate result (Pearson Correlation = 0.508). 

This means that walking for recreation is significantly related to the time living in a 

neighborhood, or familiarity. We tested familiarity with walking for transportation and 
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we did not find significant results. This means that familiarity affects walking for 

recreation but not for transportation. 

As expected, self-reported physical activity was found positively and significantly 

related to physical and social health. However, it was not related to mental health, which 

was surprising because there are multiple studies that link physical activity and mental 

health (Chu et al. 2004; Clark et al. 2010; Gidlow et al. 2012; Kaplan 2001; Lottrup et 

al. 2013). This result may be related to our demographics that include mostly people in 

their 60s or older. This age cohort is likely retired and this work status creates changes 

in mental health, particularly when the retirement process was not voluntary (Dingemans 

and Henkens 2015), which may have influenced our results for mental health. 

C6: CONCLUSION 

The results of this study support our contention that the Walkability Framework could 

serve as a model to measure the built environment in relation to physical activity, 

including the two types of walking, and not just walking for transportation. The use of 

the model proved useful in identifying the individual walkability categories that affect 

physical activity as well as which aspects of the built environment are related to each 

type of walking (recreation and transportation). Interesting insights were found relative 

to the two types of walking and the walkability categories, where familiarity emerged as 

an important variable that influences walking for recreation but not walking for 

transportation.  
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This study supports the use of the Walkability Model to measure the built environment 

in relation to physical activity. This Walkability Model was derived from a literature 

review on state-of-the-art research of the neighborhood design elements that influence 

physical activity from several research domains (physical activity, transportation, land 

planning, thermal comfort, architecture, urban design, health, and the built 

environment). The organization of the categories was designed to integrate well with 

previous research tools (e.g., NEWS by Saelens et al. (2003), NEWS-A by Cerin et al. 

(2006), the Walkability Index by Frank et al. (2009), and the sustainable neighborhood 

design tool LEED-ND by USGBC). The Walkability Model is helpful to use in future 

research that aims to understand effects of the built environment on human behavior, 

particularly lifestyle physical activity. This model can also be used by architects, urban 

designers and land planners who wish to consider health in the design of neighborhoods, 

which can lead to increased physical activity and healthier communities. 
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APPENDIX D: NEIGHBORHOOD DESIGN, PHYSICAL ACTVITY, AND 
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D1: ABSTRACT 

Neighborhood design affects lifestyle, physical activity, and ultimately human 

wellbeing.  There are, however, a limited number of studies that examine neighborhood 

design and its effects on physical activity and wellbeing. In this research, we examine 

four types of neighborhood designs (traditional development, suburban development, 

enclosed community, and cluster housing development), their level of walkability, and 

their effects on physical activity and wellbeing. This is accomplished by looking at 

correlations through a questionnaire (N=486) distributed in Tucson, Arizona and the use 

of the Walkability Model that integrates the findings from multiple domains with 

regards to the built environment and its effects of physical activity. Of the neighborhood 

design types, traditional development showed the highest value for walkability, and 

walking for transportation, both relationships with significant results. Suburban 

development showed the highest value for mental health followed by cluster housing, 

with significant results. Cluster housing showed the highest value for social interactions 

among neighbors and for perceived safety from crime, both with significant correlations. 

Enclosed community did not show any wellbeing benefit including perceived safety 

from crime. We identified strong correlations between walking for recreation and social 

interactions among neighbors. The Walkability Model proved useful in identifying the 

walkability categories correlated to perceived crime, and it also revealed that the 

experience category was inversely correlated to perceived crime.  The presence of trees 

along the streets was found significantly correlated to walking for recreation, wellbeing, 

perceived safety from crime, and social interactions among neighbors. We conclude that 
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traditional development continues to provide the best design approach for walkability 

and walking for transportation, but other neighborhood design types that include 

greenspace such as suburban development and cluster housing also provide important 

wellbeing benefits. Results of this study shed light on our understanding of the effects of 

neighborhood design on human health, which can help design healthier communities. 

Key words: neighborhood design, walkability, physical activity, wellbeing  
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D2: INTRODUCTION 

Research has shown that the built environment affects lifestyle physical activity, and 

therefore human health (Saelens et al. 2003). The influence of the built environment on 

physical activity is referred to as walkability and has been a popular topic of research in 

recent years. Studies in public health, community development, land planning, and 

transportation domains have examined the relationship between the built environment 

and physical activity (Toit et al. 2007). The field of urban design, however, has received 

less attention, even though this is the discipline that determines the walkability of the 

built environment, and therefore has significant potential effects on physical activity and 

wellbeing. Moreover, research to date on urban design has been focused on a limited 

number of neighborhood designs and leading to inconsistent results on the effects on 

physical activity (Gallimore et al. 2011; Rodríguez et al. 2006; Saelens et al. 2003; 

Stevens and Brown 2011; Wells and Yang 2008). In this research, we explore the 

potential correlations between the level of walkability, physical activity, and wellbeing 

in each of four different neighborhood design types: traditional development, suburban 

development, enclosed communities, and cluster housing.  

In order to explore walkability in different neighborhood designs, it is important to 

distinguish between two different motivations for walking: walking for recreation and 

walking for transportation (Giles-Corti et al. 2005; Saelens and Handy 2008).  Walking 

for recreation refers to walking with the sole purpose of exercise and recreation, whereas 

walking for transportation refers to walking with the purpose of reaching a destination 
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(Saelens and Handy 2008). Each type of walking is influenced by different 

characteristics of the built environment (Hartig et al. 2014).  

Evidence of the relationship of the built environment and the two motivations for 

walking is still limited and inconsistent, where most link the built environment to 

walking for transportation but not for walking for recreation (Rodríguez et al. 2006; 

Saelens and Handy 2008; Toit et al. 2007); where land-use (proximity to services as 

destinations for walking), traffic safety (pedestrian and bicycle infrastructure), and 

surveillance that provide safety from crime are important correlates (Hartig et al. 2014). 

In a systematic literature review on health and nature, Hartig et al. (2014) report mixed 

findings on the link between greenness of the built environment and walking for 

transportation; where the negative correlations are caused by longer routes in greener 

neighborhoods, increase car-ownership, and large availability of parking, while the 

positive correlations link the presence of nature in the neighborhood to walking for 

transportation (Hartig et al. 2014). In addition, research has found mixed results between 

greenness of the built environment and walking for recreation (Hartig et al. 2014). 

Physical activity is an important component of human wellbeing, but human health 

encompasses more. The World Health Organization (WHO) defines human health as “a 

state of physical, mental and social well-being and not merely the absence of disease or 

infirmity” (Sandifer et al. 2015; WHO 1948). In this study, we consider wellbeing as the 

combination of the physical, mental, and social health.  
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Physical activity influences wellbeing, that is, the physical, mental and social health. 

Physical inactivity and sedentary lifestyles have not only been linked to physical health 

problems, but also can contribute to the risk of mental health illnesses including 

depression and attention deficit hyperactivity disorder (Jackson 2011), as well as sleep 

disorders (Sallis et al. 2011). Symptoms for all these ills can be reduced by exposure to 

regular physical activity (Jackson 2011; Sallis et al. 2011).  

Social health is also influenced by physical inactivity and sedentary lifestyles. Walking 

is thought to increase social interactions among neighbors that over time can lead to a 

sense of familiarity, respect, and trust (Toit et al. 2007). Neighborhoods that maximize 

social interactions through their designs are thought to increase sense of community, 

which has been associated with reduced street crime, enhanced child supervision, and 

higher levels of reported happiness (Jackson 2003). Another factor that may influence 

social interactions is familiarity, or time living in a neighborhood (Toit et al. 2007). In 

addition, research has revealed links between social cohesion in neighborhoods and 

greenspace (Hartig et al. 2014). However, other studies on walkability and neighborhood 

sociability have shown inconsistent findings and point to other contributing factors 

beyond the urban form (Toit et al. 2007).  

An important factor to consider when examining wellbeing in cities is the nature-health 

nexus, particularly the presence of urban trees (Taylor et al. 2015). Research has linked 

the presence of trees to reduced air pollution (Nowak et al. 2014), reduced crime 

(Donovan and Prestemon 2012), and better mental health (Taylor et al. 2015). In terms 
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of physical activity, walking in green areas has been linked to lower levels of anger 

(Hartig et al. 2014) and increased self-esteem and better mood (Pretty et al. 2005).  

In addition to nature, wellbeing relies on the provision of a supportive environment, 

freedom of choice, personal security, social relationships, adequate employment and 

income, access to educational resources, and cultural identity (Sandifer et al. 2015). 

Walkable neighborhoods may provide all of the above. 

Broadly speaking, walkable neighborhoods are considered those in which there is high 

residential and retail density, have a diversity of land uses that provide destinations for 

walking, are connected and have beautiful sights, and designed at a pedestrian scale 

(Handy et al. 2002; Toit et al. 2007). However, research to date has identified many 

more neighborhood design elements that influence physical activity. In order to capture 

the state-of-the-art research on walkability, we developed a Walkability Framework that 

integrates the findings from multiple, relevant research domains (e.g., physical activity, 

land planning, transportation, thermal comfort, health, and the built environment) in 

order to help architects, and urban designers address walkability in the built environment 

(Figure D1, Table D1).  This framework also considered architecture and urban design 

guidelines from the Leadership for Energy and Environmental Design for Neighborhood 

Development (LEED-ND) developed by the U.S. Green Building Council. This 

framework organizes what we know of walkability and divides the neighborhood design 

elements into nine categories: connectivity, land-use, density, traffic safety, surveillance, 

parking, experience, greenspace, and community (Table D1). We then tested whether the 

framework could be used as a model that accurately measures the built environment 
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with regards to physical activity and wellbeing, getting successful results: what we 

proposed as neighborhood design elements affecting physical activity are significantly 

correlated to walking. We called this the Walkability Model. In this study we are 

applying this model to measure walkability in four neighborhood designs.  

 

Figure D1. The Walkability Framework of the neighborhood design elements that 
influence physical activity grouped into nine categories: connectivity, land-use, traffic 
safety, surveillance, parking, experience, greenspace, and community.  

 

Table D1. The Walkability Framework is composed of nine categories. 
Walkability 
Categories 

Objective Examples of neighborhood design 
elements 

Connectivity Provide a street network that gives 
multiple direct and short routes. 

Include: 
• Grid street network  
• Multiple 4-way intersections 
Avoid: 
• Dead end streets 
• Busy intersections 
• Gates and fences 
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Land-use Locate a variety of small size 
services at a 10 minute walk (1/2 
mile) from homes 

• Locate small size services within ½ 
mile from homes 

• Must include: food stores with produce, 
schools and child-care facilities, 
bus/transit stops, and restaurants 

• Desirable to include museums and 
theaters 

Density  Provide high residential and retail 
density. High-rise towers must 
consider pedestrian scale at the 
street level in order to avoid 
oppressive feeling. 

• Include different types of housing 
options (e.g., townhomes, apartments) 

• Push high-rise tower away from street 
line in a podium way  

Traffic safety Give pedestrians and bikers 
supremacy over cars and slow 
traffic. Also, provide safe and 
comfortable bus stops and a 
frequent and reliable bus service. 

• Provide ample sidewalks and bike lanes 
• Buffer sidewalks and bike lanes with a 

strip of vegetation and on-street parking 
• Implement traffic calming treatments 

(speed bumps, pedestrian only streets, 
speed limit signage) 

• Bus stops must have a sitting area 
covered and safe 

• Provide a frequent and reliable bus 
service that connects to the rest of the 
city 

Surveillance  Design buildings so that people 
from inside the buildings can 
watch pedestrians on the streets. 
 

• Locate building close to the street 
• Orient building entries towards street at 

short intervals 
• Windows must be located towards the 

street at pedestrian level with clear 
glass 

• Include front porches, balconies, and 
outdoor cafes overlooking the street 

• Provide lighting 
Parking  Decrease parking availability and 

locate parking away from streets 
• Provide incentives for car sharing 
• Locate parking behind buildings or in 

basements with entries towards 
secondary streets 

Experience  Provide a pleasant walking and 
biking experience by addressing 
the streetscape, aesthetics, way 
finding, thermal comfort, slope, 
fumes, cell phone towers, and 
dogs/wildlife. 

• Include trees and vegetation along the 
streets, water bodies, landmarks, 
signage, and high fences 

• Locate garbage containers away from 
the sidewalks 

• Implement maintenance and cleaning 
programs for trash, graffiti, and 
evenness of sidewalks 

Greenspace  Include a variety of greenspace in 
size and proximity with easy 
access and vegetation throughout 
the neighborhood. 

• Include greenspace at 1 minute walk, 5 
minute walk, and 10 minute walk from 
homes and in a variety of sizes.  

• All homes must have a view of nature 
Community  Provide spaces for social 

interactions among neighbors and 
encourage neighbors’ participation 

• Include a civic space, community 
center, shared facilities, permaculture 
garden, and spaces for community 
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in the decision making process of 
the community 

gathering within the neighborhood 
• Encourage neighbors participation in 

organizations 

 

While there is a consensus in urban design that walkable neighborhoods are more likely 

to host lifestyle physical activity, the evidence that these designs actually result in 

physical activity is still limited (Toit et al. 2007). The few studies that have examined 

the relationship between neighborhood design, walkability, and physical activity usually 

compare suburban developments (considered to be low-walkable) with another 

neighborhood type with what is hypothesized as a more walkable design, with 

inconsistent results (Gallimore et al. 2011; Rodríguez et al. 2006; Saelens et al. 2003; 

Stevens and Brown 2011; Wells and Yang 2008).  For example, Saelens et al. (2003) 

compared traditional developments (or high-walkable neighborhoods) with suburban 

developments (or low-walkable neighborhoods) finding higher levels of physical 

activity in traditional developments. Other studies compared a suburban development 

with a new urbanist neighborhood, finding that the new urbanist neighborhood showed 

higher levels of physical activity (Gallimore et al. 2011; Stevens and Brown 2011). By 

contrast, Wells and Yang (2008) looked at a new urbanist neighborhood and a suburban 

development, finding no significant results for physical activity. And Rodríguez et al., 

(2006) found mixed evidence when comparing new urbanist neighborhoods with 

suburban developments with regards to physical activity.  

Because previous research studies on neighborhood design have considered a limited 

number of designs and have produced inconsistent results, there needs to be an 
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examination of walkability in multiple settings, that is, in more types of neighborhood 

designs. The purpose of this study is to fill this gap and examine the relationship 

between several types of neighborhood designs and those factors that have been 

identified as contributing to human and social health. Specifically, we explore 

walkability, physical activity, wellbeing, perceived crime, the effects of trees, and the 

social interactions among neighbors. The four neighborhood designs considered are: (1) 

traditional development, (2) suburban development, (3) enclosed community, and (4) 

cluster housing. 

2.1 Traditional development 

The neighborhood design type we label as traditional development is composed of older 

“traditional” homes, the majority of which were built during or before the 1940s, when 

most people did not own a car (Montgomery 2013). This type of development declined 

after the 1950s with the mass adoption of cars and the flight of wealthy residents to the 

suburbs (Montgomery 2013). 

Traditional neighborhood design provides compact housing, retail and offices within 

walking distance (half a mile) and sometimes a small park, and includes single-family 

houses with front porches that allowed street surveillance (Montgomery 2013). 

Traditional development usually follows a grid street network with short blocks, and a 

mixture of land uses (residential and commercial) and is thought to encourage walking 

for transportation (Montgomery 2013; Saelens et al. 2003). When cars were introduced, 

traditional developments incorporated garages, placing them off the streets, facing alleys 



	   210	  

or service lanes (Barnett 2003). This neighborhood design is thought to have a range of 

vitality: commercial streets provide the services and fill the street with lively activity 

while residential streets behind remain quiet and tranquil (Montgomery 2013). 

2.2 Suburban development 

Suburban development is also referred to as conventional residential development 

(Kearney 2006) or “the suburbs”. The first suburban development was a neighborhood 

called Levittown in Long Island, NY. Levittown was built in the late 1940s and widely 

supported by the federal mortgage system (Barnett 2003) and by regulations that 

transformed all cities in the U.S. (Frank et al. 2003). By the 1950s, suburban 

development became the building norm of neighborhoods in the U.S. (Frank et al. 

2003). 

Suburban development is mainly composed of single-family housing in a maximized 

lot-size, where most of the parcel is converted into houses, yards, driveways, sidewalks, 

and streets (Kearney 2006). This design usually follows a dendritic (or tree-like) street 

network of cul-de-sacs where the traffic is fed into a few arterials or “branches” 

(Montgomery 2013). This type of design does not combine land uses, which means that 

there are generally no commercial destinations or services nearby. This separation of 

land use places destinations far away, making it unfeasible to walk or bike for utilitarian 

purposes, or walking for transportation. However, this type of design has been related to 

recreational walking (Rodríguez et al. 2006). Suburban development seeks contact with 
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nature and all the benefits that come with it, such as recreational opportunities, air 

quality, and views (Kearney 2006). 

The homogeneous low density that suburban developments follow have caused 

problems such as traffic jams, social segregation, car-oriented societies, and the fierce 

consumption of natural landscapes (Kearney 2006). Many scholars believe that the 

suburbs sacrificed opportunities for social interaction that has resulted in a decreased 

neighborhood satisfaction (Kearney 2006). In spite of these negative effects, suburban 

development is still driving development in the U.S. (Kearney 2006; Montgomery 2013; 

Randolph 2004).  

2.3 Enclosed community 

Enclosed communities are neighborhoods that are gated and/or fenced. Gated 

communities originated in the late 1950s when middle and upper-income homogeneous 

neighborhoods started to occupy large tracts of land (Jacobs 1961). The idea of 

preventing the general public from entering a certain neighborhood and prohibiting the 

use of the public space originated in the U.S. in Baltimore in a neighborhood adjacent to 

the John Hopkins Hospital, and was later copied in New York and other cities (Jacobs 

1961). Since then, enclosed communities have become very popular not only in the U.S. 

but also in other parts of the world and are an important part of how cities are growing 

(Kenna and Stevenson 2013). This type of development, also known as privately 

governed urban territory, started in the 1990s, and has proliferated initially in the U.S. 

and Latin America and later in other countries (Le Goix and Webster 2008) and have 
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become a trend in Europe over the last 15 years (Smigiel 2013). Enclosed communities 

have evolved, and now they can include not only a low number of high-income single-

family houses, but also several apartment buildings and even whole “little towns” that 

accommodate a diversity of housing types and services (Smigiel 2013). 

Enclosed communities are thought to make longer and less direct routes because there 

are only a few ways to enter and exit the community, which negatively affects the 

connectivity of the whole city network by preventing the direct access of travelers from 

one part of the city to another (USGBC 2013). The segregating effect of enclosed 

communities are thought to hamper the freedom of the city (Jacobs 1961).  

In addition to segregation, enclosed communities do not provide a sense of community 

because privatism, or excluding the general public, cannot be combined with community 

(Kenna and Stevenson 2013). However, it is through the structure of private governance 

(or homeowners associations) that enclosed communities may provide an experience of 

community (Kenna and Stevenson 2013).  

Enclosed communities are thought to raise income inequalities and demonstrate fear of 

crime through their security-oriented approach (Le Goix and Webster 2008). It has been 

argued that the primary motive behind the proliferation of gated communities is a sense 

of fear; it is projected that the market demand for this type of neighborhoods will 

increase, making research on the wellbeing effects of gated communities very important 

(Xu and Yang 2008).  
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2.4 Cluster housing  

This design approach consists of clustering houses together in order to preserve natural 

open space (or greenspace) (Kearney 2006; Randolph 2004). As a land planning 

alternative to the urban sprawl caused by suburban development, it is said to have been 

originally proposed by Yaro et al. (1990) and has been followed by other urban 

designers (Kearney 2006; Randolph 2004). This design approach is a reaction against 

the unstoppable momentum that suburban development achieved in the 1950s and the 

way countryside was being vanishing (Whyte 1964). This development was possible 

because the home owners were shared-owners of the open space, which was maintained 

through homeowners associations (Whyte 1970).  A competitive market for cluster 

housing developments emerged in the 1970s and the bestselling were the ones with 

housing units mimicking a detached home that are attached in a multi-unit complex, 

known commonly as townhomes (Whyte 1970). Nowadays, cluster housing groups 

dwelling units (usually in the form of townhomes) and they share servicing structures 

(e.g., swimming pools, tennis courts, community center) in order to preserve greenspace 

(Kearney 2006). There are many variants of this type of neighborhood design that 

include country clubs where the open space is transformed into golf courses, and 

marinas where there is a waterfront (Whyte 1970).  

Cluster housing maintains the same number of houses that would be built under the 

suburban development design approach, the difference is that the houses are grouped 

together and the remaining land is preserved as greenspace. Cluster housing increases 
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the “perceived density” because the houses are built right next to one another 

(townhomes), so people may feel too close to one another. This high perceived density is 

thought to decrease the levels of neighborhood satisfaction (Kearney 2006). However, 

having a view of nature and access to greenspace helped to ameliorate the negative 

effects of increased perceived density in cluster housing neighborhoods and was 

important for neighborhood satisfaction (Kearney 2006). Sense of community in cluster 

housing is related to the frequency of use of outdoor-shared areas (Kearney 2006). 

Based on the differences between these four types of neighborhood designs, this study 

examines the effects of design on walkability, physical activity and the two types of 

walking (recreation and transportation), wellbeing and its three components (physical, 

mental, and social health), perceived crime, presence of trees, familiarity, and social 

interactions among neighbors. The research questions are: 

1. What is the walkability level of each of the four neighborhood design types under 

consideration (traditional development, suburban development, enclosed 

community, cluster housing)? 

2. Which of the nine walkability categories of the Walkability Framework (Table 

D1) is strongest and weakest for each neighborhood design? 

3. Is neighborhood design correlated with physical activity? How are the two types 

of walking (transportation and recreation) related to neighborhood design?  
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4. What neighborhood design type has the highest level of social interaction among 

neighbors? 

5. Are social interactions among neighbors correlated to the two types of walking 

(transportation and recreation) and/or familiarity? 

6. Is neighborhood design correlated with wellbeing?  

7. Is perceived crime correlated with neighborhood design, walkability, physical 

activity, or wellbeing? 

8. Is there a significant correlation between the presence of trees in a 

neighborhood and the two types of walking (recreational and transportation), 

social interactions among neighbors, perceived safety from crime, and 

wellbeing?  

 

D3: METHODS 

In order to capture the perceptions, attitudes, and behavior of residents of the four 

neighborhood designs, we developed a questionnaire. This questionnaire was based on 

existing and validated tools (Cerin et al. 2006; Craig et al. 2003; Saelens et al. 2003; 

Toit et al. 2007; Ware Jr et al. 1996) and questions adapted from LEED-ND (USGBC 

2014). A validation exercise allowed us to refine the questionnaire resulting in a mixed-

mode approach that produced an online version, and a paper version. The questionnaire 
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was administered to residents from Tucson, Arizona between January and March 2014. 

Tucson was selected as the study site because it includes the four types of neighborhood 

designs within reasonably close proximity of each other, and in sufficient area to be 

captured in our sampling. Figure D2 shows the aerial photo of a prototype of the each 

type of neighborhood design included in this study. Traditional development uses a grid 

street network with back alleys and has the proximity of services with homes (Figure 

2a). Suburban development involves single-family houses in a dendritic street network 

that is connected to an arterial road (on the left) (Figure 2b). Enclosed community 

includes restricted access points to the neighborhood (bottom and left) through the use 

of fences (figure 2c). The image for cluster housing depicts townhomes clustered 

together with shared facilities, while preserving greenspace (Figure 2d).  

 
2a                                                                    2b 
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2c                                                       2d 
 
Figure D2. Aerial photos of four neighborhood designs in Tucson, AZ. 
2a.Traditional development represented by the Sam Huges neighborhood that follows a 
grid street network with back alleys and a commercial street at the top and housing 
behind. 2b. Suburban development is represented by the Catalina Foothills that shows 
the cul-de-sac street network being fed into an arterial road (at the left) and 
homogeneous single-family housing. 2c. Enclosed community is represented by the 
Riverhaven neighborhood showing fences and restricted access to the community. 2d. 
Cluster housing is represented by the Fairfield in the Foothills neighborhood that shows 
townhomes clustered together preserving greenspace and sharing facilities that include a 
swimming pool and tennis courts (bottom right). (Images from Google Earth). 

 

The questionnaire has nine sections: (1) neighborhood design, (2) walkability, (3) 

physical activity, (4) wellbeing, (5) social interactions with neighbors, (6) familiarity, 

(7) perceived safety from crime, (8) trees, and (9) demographics. 

3.1 Neighborhood design 

The neighborhood design section of the questionnaire was assessed with one main 

question: Which picture most closely represents the street design of your neighborhood? 

This question was accompanied by the aerial images depicted in Figure D2. Tests 

determined that the technical terms used to describe these neighborhood types were not 

always part of common usage. Where needed, the labeling of the design type was 

adjusted to match the commonly used term for that particular design type to ensure 

comprehension. The legends employed were: (1) Grid street network for traditional 

development, (2) Cul-de-sac streets for suburban development, (3) Enclosed 

Community, (4) Clustered Housing in the open desert for cluster housing. 
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Also to ensure we had achieved clarity in understanding of the four design types, we 

included a series of built in validation questions of our categorization with the 

hypothesis that the characteristics captured in the questions and responses would 

correspond with the way respondents understood the neighborhood design types 

depicted in the images  (Table D2). 

The validation process used Chi Square test to look for significant correlations between 

the how respondents replied to the characteristics of the neighborhood validation 

question and the aerial image-based neighborhood design type they selected.  

Table D2. Characteristics that describe the neighborhood design types considered in this 
study and the questions used for validation. 

Neighborhood 
Design 

Characteristics Questions from questionnaire 

All • Traditional – Mostly 
1950s or earlier 

• Suburban – Mostly after 
1950s 

• Enclosed – Mostly1990s 
or later 

• Cluster – Mostly 1960s 
and later 

1. Estimate the decade your home was built. 
  
Options:  1950s or earlier, 1960s to 1980s, 
1990s to present, Don’t know  
 

Traditional 
development 

 

• Back alleys 
• Garages face back alleys 
• Front porches 

2 My neighborhood has back alleys with 
garages.4pt. Likert Scale (4LS) (Strongly 
agree, Agree, Disagree, Strongly disagree) 

3 Back alleys serve most of the garages in my 
neighborhood. (4LS) 

4 Most dwellings have front porches. (4LS) 

Suburban 
development 

 

• Mostly single-family 
housing 

• Mostly cul-de-sacs 
street network 

5 How common are single-family houses in your 
neighborhood? (None, A few, Some, Most, 
All) 

6 The streets in my neighborhood have many 
cul-de-sacs. (4LS) 

Enclosed 
community 

• Gates and/or fenced 7 My neighborhood is a gated community. 
(4LS) 

8 My neighborhood is fenced in the outer 
boundary. (4LS) 



	   219	  

 
Cluster housing 

 

• Mostly townhomes 
• Shared facilities 
• Greenspace in close 

proximity 

9 How common are townhomes in your 
neighborhood?(None, A few, Some, Most, 
All) 

10 My neighborhood shares facilities (e.g., pool, 
tennis courts, community center) (4LS) 

11 Check the services that are located within 10 
minute walking distance (1/2mile) or less from 
your home 

12 Greenspace 

 

3.2 Walkability 

The walkability section of the questionnaire employs the Walkability Model (Table D1). 

This model integrates the findings from several research domains on neighborhood 

design elements that influence physical activity and wellbeing, and is divided into nine 

categories: connectivity, density, land-use, traffic safety, surveillance, parking, 

experience, greenspace, and community (Table D3). The parking category was not 

included in this study because there is ample parking availability throughout Tucson. All 

the walkability categories were added together and adjusted to a scale of 0 to 1 to derive 

the Walkability Index.  

Table D3. Inputs for walkability from the questionnaire are divided into categories 
following the Walkability Model. 

Connectivity questions  Options Value 
1. There are major barriers for walking 
2. The distance between intersections is usually short (100yards)* 
3. There are many alternative routes for getting from place to 

place* 

Strongly agree 1 
Agree 2 
Disagree 3 
Strongly disagree 4 
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4. My neighborhood is a gated community 
5. My neighborhood is fenced on the outer boundary 
6. The streets in my neighborhood have many cul-de-sacs 
7. Back alleys serve most of the garages in my neighborhood* 

 

Density questions Options Value 
1. Select the option that best describes your dwelling type unit  Single family 1 

Townhome 2 
Apartment 3 
Multi-family 4 
Temporary home 5 

2. How common are single-family housing?* 
3. How common are townhomes? 
4. How common are apartments/condos?* 

None 1 
A few 2 
Some 3 
Most 4 
All 5 

Land-use questions Options Values 
Check the services that are located within 10 minute walking 
distance (1/2 mile or less from your home (check all that apply) 
Bus stop, Gym, Post office, Bank, Supermarket, Hair salon/barber, 
School, Police station, Food store with produce, Laundry/dry 
cleaner, Theater, Pharmacy, Clothing store, Restaurant/café/diner, 
Medical clinic, Convenient store, Government office, Farmers 
market, Child care facility, Social services center, Hardware, 
Museum 

Checked 1 
Unchecked 0 
Basic services valued at 1. 
Essential services:  Supermarket, 
School, Food, Theater, 
Restaurant, Child care, Farmers 
market valued at 3X. Essential 
service that also provides external 
connectivity: Bus stop, 5X 

Traffic Safety questions Options Value 
1. There are bike lanes on most of the streets* 
2. There are sidewalks on most of the streets* 
3. Sidewalks are separated from road/traffic by parked cars* 
4. There is grass/dirt strip that separates the streets from most of 

the sidewalk* 
5. There are dirt trails on most of the streets* 
6. There are crosswalks and pedestrian signals to help walkers 

cross busy streets* 
7. The streets have speed bumps* 
8. The speed limit is 25mph or less on most of the streets* 

Strongly agree 1 
Agree 2 
Disagree 3 
Strongly disagree 4  
 

Surveillance questions Options Values 
1. My neighborhood street are well lit at night* 
2. Most units have front porches* 
3. The buildings are located close to the street* 
4. Most dwellings have front garage doors 
5. My neighborhood has back alleys with garages* 

Strongly agree 1 
Agree 2 
Disagree 3 
Strongly disagree 4

  

Experience questions Options Values 
Aesthetics 
1. There is graffiti in my neighborhood 
2. There is trash/litter in my neighborhood 
3. There are many attractive natural sights to look at while 

walking* 
4. There are attractive buildings and homes* 
5. Possible interactions with wildlife makes it attractive to go on 

Strongly agree 1 
Agree  2 
Disagree 3 
Strongly disagree 4 
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walks* 
6. Possible interactions with wildlife or stray dogs makes it 

unsafe to go on walks 
Slope 
7. Most streets are hilly making it difficult to walk or bike 
Way-finding 
8. It is easy to get lost while walking 
9. There is clear signage or landmarks that help me find my way* 

Thermal comfort 
10. There is enough shade to walk comfortably* 
11. There are trees along the streets* 
Greenspace questions Options Values 
Proximity to Greenspace 
1. How far is the nearest greenspace from your home?* 

¼ mi (5 min walk) 1 
1/2mi (10 min walk) 2 
Farther that 1/2mi 3 

2. Greenspace is a services close to home Checked 1 
Unchecked  0 

Access to Greenspace 
3. It is easy to walk to greenspace from my home* 

Strongly agree 1 
Agree 2 
Disagree 3 
Strongly disagree 4 

Community questions Options Values 
1. Selecting/not-selecting “Community facilities”  and 

“Church” as services close to home 
Checked 1 
Unchecked  0 

2. My neighborhood shares facilities (e.g., pool, tennis courts, 
community center)* 

Strongly agree 1 
Agree 2 
Disagree 3 
Strongly disagree 4 

*Questions marked with an asterisk were reversed from their original source format in order to be 
consistent with intent of the instrument to capture increasing levels of walkability.  

  

3.3 Physical activity 

The physical activity section of the questionnaire included six questions that ask about 

methods of transportation used to reach a greenspace, walking to a service (e.g., 

restaurants, shops, schools) close to home, and about number of days in the week in 

which people walked (Table D4). The last part was based on the International Physical 

Activity Questionnaire (IPAQ), which is an instrument that measures physical activity 

across multiple populations of the world (Craig et al. 2003; Kim e al. 2013). This section 
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was divided into two parts: walking for transportation and walking for recreation. 

Walking for transportation refers to walking with the purpose of reaching a destination 

(service), and walking for recreation refers to exercise, dog-walking, or simply walking.  

Table D4. Physical activity questions assess the two types of walking, transportation 
and recreation. 
Walking for transportation questions Options Inputs 
Do you walk to any service from your home?* 
 

Yes 
Sometimes 
No  

1 
2 
3 

During the last 7 days, on how many days did you… 
Walk to a service 
 

 

0 days 
1 day 
2 days 
3 days 
4 days 
5 days 
6 days 
7 days 

1 
2 
3 
4 
5 
6 
7 
8 

What activities do you or your family do in the streets of your 
neighborhood? 

(Use streets) as a transportation route (walking/biking) 

Checked 
Unchecked  

1 
0 

Walking for recreation questions Options Inputs 
What method of transportation do you usually use to reach a 
greenspace? 

Walk 
Skate 
Bike 

Checked 
Unchecked  

1 
0 

What activities do you or your family do in the streets of your 
neighborhood? (check all that apply) 

Exercise 
Dog-walking 

During the last 7 days, on how many days did you… 
Walk for 10mins 
Walk to a greenspace 

0 days 
1 day 
2 days 
3 days 
4 days 
5 days 
6 days 
7 days 

1 
2 
3 
4 
5 
6 
7 
8 

*Questions marked with an asterisk were reversed from their original source format in order to be 
consistent with intent of the instrument to capture increasing levels of physical activity.  
 

3.4 Social interactions among neighbors 
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The section on social interactions among neighbors was based on (Toit et al. 2007) and 

includes four questions addressing, respectively, talking to neighbors as an activity done 

on the street, neighborhood friendliness, greeting neighbors, and feeling comfortable 

asking neighbors for help in case of an emergency (Table D5).  

Table D5. The section of social interactions with neighbors is captured using four 
questions. 
Social interactions with neighbors questions Options Inputs 
1. What activities do you or your family do in the streets of your 

neighborhood? (check all that apply) 
Options: Talk to neighbors 

Checked  1 
Unchecked  0 

2. My neighborhood is friendly* 
3. I greet some of my neighbors at least once a month* 
4. In case of an emergency, I would ask a neighbor for help* 

Strongly agree 1 
Agree 2 
Disagree 3 
Strongly 
disagree 

4 

*Questions marked with an asterisk were reversed from their original source format in order to be 
consistent with intent of the instrument to capture increasing levels of social interactions with 
neighbors.  

 

3.5 Wellbeing 

The wellbeing section was composed of questions addressing physical, mental, and 

social health and was based on the 12-item Short Form Health Survey (12-SFHS) 

developed by Ware Jr et al. (1996) to measure self-reported physical and mental health. 

For the social health component, we added two questions (Table D3). The last question 

from the 12-SFHS was moved to the social health component because it is focused on 

social activities.  

Table D6. Social Health was captured with three questions. The first questions is taken 
from Ware Jr et al. (1996). 
Inputs from Survey for Social Health Options Values 
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How much time during the past 4 weeks: 
1. Has your physical health or emotional health interfered with your 

social activities (like visiting friends, relatives, etc.)? (from 
(Ware Jr et al.1996) 

2. Have you had someone (or a pet) to walk with?* 
3. Have you met with family and friends?* 

All of the time 1 
Most of the time 2 
Some of the time 3 
None of the time 4 

*Questions marked with an asterisk were reversed from their original source format in order to be 
consistent with intent of the instrument to capture increasing levels of social health.  

 

3.6 Familiarity 

This section was assessed with one question: How long have you been living in your 

current neighborhood? The options were: Less than 1 year, 1 to 5 years, More than 5 

years. 

3.7 Perceived crime 

This section of the questionnaire was assessed with one question: Crime in my 

neighborhood makes it unsafe to go on walks, using a four point Likert scale (Strongly 

agree, Agree, Disagree, Strongly disagree). We reversed the values in order to match 

increasing level of perceived crime with a higher value. 

3.8 Presence of trees 

The presence of trees was assessed by one question: there are trees along the streets, 

and a four point Likert scale (Strongly agree, Agree, Disagree, Strongly disagree). We 

reversed the values in order to match increasing level of perceived presence of trees 

with a higher value. This question is also part of the experience walkability category 

(Table 3). 
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3.9 Demographics 

Demographics documented for this study included: Age (18-29, 30-39, 40-49, 50-59, 

60-69, and 70 or more), Gender (Male/Female), Race/Ethnicity (check all that apply) 

(African-American, Alaskan Native, American Indian, Asian, Hispanic or Latino, Native 

Hawaiian, White, 2 or more races), Income ($30,000 or less, $30,001 to $59,000, 

$60,000 or more), Education (check all that apply) (High-school, Professional School, 

University or College, Master’s/PhD).  

The questionnaire had two versions, a web-based and a paper-based. The web-based 

questionnaire was distributed through the help of local government officials 

(specifically, ward officials) and neighborhood leaders, who forwarded an invitation 

email to their listserv of residents. The email contained a link to the online 

questionnaire. A reminder was sent a couple of times spaced by two weeks. The paper-

based version used two recruitment methods. First, we recruited participants during 

several visits to one of the most important walking destinations in Tucson, which is 

known as the Rillito River Park. This park is a greenway that has a walking/biking path 

along the Rillito River wash and extends for several miles. This park was chosen 

because it is accessible to a gradient of socioeconomic populations and different types of 

neighborhoods in terms of design. Surveys were administered during the weekends of 

January and February of 2014. After these two methods of recruitment, our sample 

included relatively few responses from the cluster housing design (n=4) and the enclosed 

community (n=17). In order to increase the sample of these two neighborhood designs to 
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be more proportionate with the general balance of the four neighborhood types in 

Tucson, we decided to mail surveys to residents who were identified as living in these 

two types of neighborhoods in Tucson. A database was created with the addresses of 

houses in neighborhoods that showed cluster housing and enclosed community designs, 

and the random function of the spreadsheet provided a new order of addresses, where we 

selected the first 150 entries. We mailed surveys and collected responses during March 

2014. The responses according to recruitment method, where online obtained n=338, 

park visits n=103, and mail n=45, adding a total of N= 486 responses (Figure D3). The 

response rate of the mailed surveys was approximately 30 percent (n=45). 

 

Figure D3. Count of responses according to recruitment method (online, visits to the 
park, and mail) (N=486). 
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This study is based on neighborhood design and this variable was assessed by one 

question with aerial images (Figure D2). The total amount of responses for this question 

on neighborhood design was N=381, where traditional development obtained n=216 

responses, suburban development n=73, enclosed community n=46, and cluster housing 

n=46 (Figure D4). 

 

Figure D4. Count of responses according to neighborhood design. (N=381). 

 

Most of the variables were normalized and converted into indices by adjusting the 

values to a scale of 0 to 1. Statistical analysis used the Chi-Square test and Cramer’s V 

to look for significant correlations. The Chi-Square test compares the observed 

frequencies of the variables with the expected frequencies under a set of assumptions, as 

if there were no relationship at all and they occurred by chance (null hypothesis) (Daniel 

2009).  If the relationship is significant (p value < 0.05) then we reject the null 
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hypothesis of independence (or randomness) between the variables and we accept the 

alternative hypothesis that the variables are in fact related (Daniel 2009). We also used 

the bivariate correlation, where the Pearson Correlation coefficient provides the 

magnitude and direction of the relationship. The direction is given by looking at the sign 

of the Pearson Correlation coefficient: if it is a positive number, it means that as one 

variable increases, the other variable also increases; whereas if the coefficient is a 

negative number, it means that as one variable increases the other variable decreases. 

The magnitude of the relationship is given by the value of the coefficient and it ranges 

from 0 to 1, where we considered weak if the value is lower than 0.3, we considered 

moderate is the coefficient is between 0.3 and 0.7, and we considered strong if the value 

of the coefficient is larger than 0.7. These tests do not provide causation, but the 

probability of one variable occurring if the other variable exists, or correlation. This 

analysis was conducted using SPSS (IBM SPSS Statistics for Mackintosh, Version 22.0. 

Armonk, NY: IBM Corp, 2013).  

This research was approved by the Institutional Review Board for the Protection of 

Human Subjects at the University of Arizona on December 12, 2013 (IRB # 13-0855 

UAR Number 1300000855). 

D4: RESULTS 

Demographics show 47% of the sample population’s age is 60 years and over. In terms 

of gender, 63% of the participants are females and 37% are males. For race/ethnicity, 

88% of the participants are white, followed by 9% Hispanics and 1% of all Native 
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American, Asian, and two or more races; no African-American responded the survey. In 

terms of income 49% of the sample population reported high-income ($60,000 or 

higher), followed by 32% from medium income ($30,001-$59,999) and 19% from low 

income ($30,000 or less). In terms of education, 91% of the sample population reported 

high-education (university/college or beyond), 4% reported professional school and 5% 

high-school (Table D7).  

Table D7. Demographics of the sample population. 
Age group 

Cohorts Frequency Percent Valid 
Percent 

Cum. 
percent 

 

18-29 
30-39 
40-49 
50-59 
60-69 
70 or more 
Total 
No answer 
Total 

20 
34 
56 
96 

103 
79 

388 
98 

486 

4.1 
7.0 

11.5 
19.8 
21.2 
16.3 
79.8 
20.2 

100.0 

5.2 
8.8 

14.4 
24.7 
26.5 
20.4 

100.0 

5.2 
13.9 
28.4 
53.1 
79.6 

100.0 

 

Gender 
Male 
Female 
Total 
No answer 
Total 

142 
238 
380 
106 
486 

29.2 
49.0 
78.2 
21.8 

100.0 

37.4 
62.6 

100.0 

37.4 
100.0 
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Race/Ethnicity 
Native 
American 
Asian 
Hispanic 
White 
2 or more 
Total 
No answer 
Total 

4 
5 

32 
327 

4 
372 
114 
468 

.8 
1.0 
6.6 

67.3 
.8 

76.5 
23.5 

100.0 

1.1 
1.3 
8.6 

87.9 
1.1 

100.0 

1.1 
2.4 

11.3 
98.9 

100.0 

 

Income 
$30,000 or less 
$30,001 to 
$59,999 
$60,000 or more 
Total 
No answer 
Total 

70 
116 
180 
366 
120 
486 

14.4 
23.9 
37.0 
75.3 
24.7 

100.0 

19.1 
31.7 
49.2 

100.0 

19.1 
50.8 

100.0 

 

Education 
High-School 
Professional 
School 
University or 
College 
Master’s – PhD 
Total 
No answer 
Total 

20 
17 

179 
167 
383 
103 
486 

4.1 
3.5 

36.8 
34.4 
78.8 
21.2 

100.0 

5.2 
4.4 

46.7 
43.6 

100.3 

5.2 
9.7 

56.4 
100.0 
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In terms of demographics according to neighborhood design, we found significant 

correlations between age and design (p value = 0.000), where traditional development 

showed a distribution where the highest age group correspond to people in their 60s; 

suburban development showed a quasi-homogenous distribution among people in their 

50s and older; enclosed community showed a peak in the age group in their 50s; and 

cluster housing has a prevalent population of people over 60 (Figure D5). The highest 

number of young people (age group of 18-29) was reported in traditional development.  

 

 

Figure D5. Age distribution according to neighborhood design shows that most of 
the younger cohorts live in traditional development, while people in their 50s are 
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prevalent in enclosed community, and cluster housing shows a high number of people in 
their 60s and over. 

 

The relationship between neighborhood design and income was found significant (p 

value= 0.000). Most of the low-income respondents live in traditional development and 

less in suburban development, while the other designs show very low numbers of low-

income people within the sample population (Figure D6). The neighborhood design that 

shows a diversity of income was traditional development. 

 

Figure D6. Income distribution according to neighborhood design shows that 
traditional development has a more homogeneous distribution of income, followed by 
suburban development.  
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The other demographic variables (gender, education and ethnicity/race) were not found 

significant in relation to neighborhood design. 

The validation of our assessment of neighborhood design through the use of the aerial 

pictures (Figure D2) and the main characteristics of each type of design provided 

significant correlations for most relations between the question (Figure D2) and the 

hypothesized design characteristics (Table D2). The only characteristic that was not 

significant with the question was the presence of greenspace in close proximity, which 

was hypothesized to be higher in the cluster housing design (Table D8).  

Table D8. Chi-Square test validated neighborhood design and the main characteristics 
of the design. Shown in bold are significant results (p value < 0.05). 
Neighborhood 
Design 

Questions from questionnaire  Pearson Chi-
Square 

df p value 

All designs Estimate the decade your home was built  139.102 12 0.000 
Traditional 
Development 
 

My neighborhood has back alleys with garages 85.454 12 0.000 

Back alleys serve most of the garages in my 
neighborhood 

60.021 9 0.000 

Most dwellings have front porches 33.847 9 0.000 

Suburban 
Development 
 

How common are single-family houses in your 
neighborhood? 

192.182 15 0.000 

The streets in my neighborhood have many cul-
de-sacs 

1777.777 9 0.000 

Enclosed 
Community 
 

My neighborhood is a gated community 78.964 9 0.000 
My neighborhood is fenced in the outer boundary  104.255 9 0.000 

Cluster 
Housing 
 

How common are townhomes in your 
neighborhood? 

165.020 12 0.000 

My neighborhood shares facilities (e.g., pool, 
tennis courts, community center) 

96.964 12 0.000 

Check the services that are located within 10 
minute walking distance (1/2mile) or less from 
your home. Greenspace 

2.300 3 0.513 
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For the purpose of visualization, we dichotomized the questions that used the four point 

Likert Scale into “Yes” (for Strongly agree, and Agree), and “No” (for Disagree, and 

Strongly Disagree). This validation proved successful for the most part (Figures 6-10). 

The relationship between age of homes and neighborhood design shows traditional 

development with a higher count for homes built on or before the 1950s (Figure D7). 

Suburban development shows the highest percent for homes built between the 1960s and 

1980s followed by the 1950s and 1990s. Enclosed community shows the highest percent 

of homes built in the 1990s. Cluster housing shows a peak in the 1960s-1980s.  

 
Figure D7. Age of home according to neighborhood design shows that most of the 
traditional developments have homes that date from the 1950s or earlier, whereas the 
other designs correspond to later decades. 

 

The design characteristics expected for traditional development (Figure D8) obtained the 

highest count for back alleys (Figure 8a), back alleys serving most of the garages 

(Figure 8b), and front porches (Figure 8c).  
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Figure 8a 
 
    

 
Figure 8b   
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Figure 8c 
 
Figure D8. Validation of traditional development. The validation of our assessment 
of traditional development according to expected design characteristics included back 
alleys, back alleys serving most garages, and front porches. 8a. Traditional development 
has the highest percent of reported back alleys. 8b. Traditional development has the 
highest percent of reported back alleys serving garages. 8c. Traditional development has 
highest percent of reported front porches. 
 

The design characteristics expected for suburban development (Figure D9) showed 

mostly single-family housing (Figure 9a) and mostly cul-de-sacs street network (Figure 

9b). 
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Figure 9a     
  
                                                                 

 
Figure 9b 
 
Figure D9. Validation of suburban development. The validation of our assessment of 
suburban development according to expected design characteristics included single-
family homes and cul-de-sacs. 9a. Single-family detached home is prevalent in suburban 
development shown by the highest percent of reported “All”. 9b. Cul-de-sacs street 
network is prevalent in suburban development. 
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The assessment for enclosed community was validated according to the use of gates and 

fences in a neighborhood (Figure D10), where the highest percent of reported gates and 

fences correspond to enclosed community (Figure D10). 

 
Figure 10a 
 
                                                                          

 
Figure 10b 
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Figure D10. Validation of enclosed community. The validation of our assessment of 
enclosed community according to expected design characteristics included the use of 
gates and fences. 10a. The use of gates is prevalent in enclosed community. 10b. The 
use of fences is prevalent in enclosed community. 
 

The assessment for cluster housing included three design characteristics: prevalent 

townhomes, shared facilities, and proximity to greenspace (Figure D11). Cluster housing 

shows the highest percent of reported townhomes (Figure 11a) and reported shared 

facilities (Figure 11b). Greenspace is not a characteristic that is particular to any design 

(Figure 11c).  

 

 

Figure 11a                                            
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Figure 11b      

                           

 

Figure 11c 

Figure D11. Validation of cluster housing. The validation of our assessment of cluster 
housing according to expected design characteristics included townhomes, shared 
facilities, and greenspace. 11a. Townhomes are prevalent in cluster housing. 11b. 
Shared facilities are prevalent in cluster housing. 11c. Greenspace is present in all 
neighborhood designs and is not distinctive of any design in particular.  

0	  

10	  

20	  

30	  

40	  

50	  

60	  

70	  

80	  

90	  

Traditional	   Suburban	   Enclosed	   Cluster	  

Pe
rc
en
t	  

Neighborhood	  design	  

Yes	  

No	  

My	  
neighborhood	  
shared	  
facilities	  

0	  

10	  

20	  

30	  

40	  

50	  

60	  

70	  

80	  

90	  

Traditional	   Suburban	   Enclosed	   Cluster	  

Pe
rc
en
t	  

Neighborhood	  design	  

Yes	  

No	  

There	  is	  greenspace	  
within	  1/2	  mile	  
from	  my	  home	  



	   241	  

 

For the first research question (What is the walkability level of each of the four 

neighborhood design types under consideration (traditional development, suburban 

development, enclosed community, cluster housing)?), we did a Chi-square test and 

found a significant correlation (p value = 0.001) between neighborhood design and 

walkability, where traditional development obtained the highest mean followed by 

enclosed community (Figure D12).  Suburban development and cluster housing obtained 

identical results for walkability. 

 

Figure D12. Neighborhood design and walkability. The relationship between 
neighborhood design and Walkability Index shows the highest mean for traditional 
development followed by enclosed community. Suburban development and cluster 
housing have identical walkability results. 
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For the second research question (Which walkability category is strongest and weakest 

for each neighborhood design?), we analyzed each walkability category (Table D3) with 

neighborhood design using a bivariate correlation (Table D9). We found that all the 

walkability categories were significantly related (p value < 0.05) and moderate 

correlations were found for: land-use, connectivity, community, surveillance, and 

experience. The Walkability Index and neighborhood design were moderately related. 

Traditional development obtained the highest mean for connectivity, land-use, traffic 

safety, surveillance, greenspace, and community and cluster housing obtained the 

highest mean for density and experience (Figures D13). 

Table D9. Bivariate correlations between the walkability categories and neighborhood 
design provided direction and magnitude of the relationship. Shown in bold are 
significant (p value <0.05) and at least moderate (Pearson Correlation >0.3) results. 

Walkability category tested with neighborhood design Pearson 
Correlation 

Sig. N 

Connectivity 0.501 0.000 368 
Density 0.207 0.000 380 
Land-use 0.505 0.000 380 
Traffic safety 0.214 0.000 380 
Surveillance 0.441 0.000 363 
Experience 0.317 0.000 380 
Greenspace 0.132 0.010 380 
Community 0.443 0.000 363 

Walkability Index (values for the eight walkability categories 
added together and adjusted to a scale of 0 to 1) 

0.422 0.000 356 
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Figure 13a 

 

 
Figure 13b 
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Figure 13c 
 
 

 
Figure 13d 
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Figure 13e 
 
 

 
Figure 13f 
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Figure 13g 
 
 

 
Figure 13h 
 
Figure D13. Neighborhood design and walkability categories. The relationship 
between neighborhood design and the walkability categories showed that traditional 
development has the highest mean of connectivity (12a), land-use (12c), traffic safety 
(12d), surveillance (12e), greenspace (12g), and community (12h). Cluster housing 
obtained the highest mean of density (12b), and experience (12f). 
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For the third research question (Is neighborhood design associated with physical 

activity? How are the two types of walking related to neighborhood design?), we did a 

bivariate correlation and found a significant and weak correlation between neighborhood 

design and physical activity (Table D10). However, when the different types of walking 

were considered (recreation and transportation), we found significant correlations 

between neighborhood design and walking for transportation, with moderate results. In 

the case of walking for recreation, we did not find significant correlations with 

neighborhood design (Table D10). Traditional development obtained the highest mean 

of walking for transportation (Figure D14).  

Table D10. Correlation between neighborhood design and physical activity and the two 
types of walking. Shown in bold are significant (p value <0.05) and at least moderate 
(Pearson Correlation >0.3) results. 
Variable tested with neighborhood design Pearson 

Correlation 
Sig. N 

Physical activity 0.176 0.001 351 
Walking for recreation 0.081 0.115 381 
Walking for transportation 0.364 0.000 350 
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Figure D14. Neighborhood design and walking for transportation. Traditional 
development is the neighborhood design that obtained the highest mean for walking for 
transportation. 

 

For the fourth research question (What neighborhood design has the highest levels of 

social interactions with neighbors?), we used a Chi-Square test and found a significant 

correlation between social interactions with neighbors and neighborhood design (p value 

= 0.037), where cluster housing showed the highest mean (Figure D15). 
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Figure 15. Neighborhood design and social interactions with neighbors. The 
relationship between neighborhood design and social interactions among neighbors 
showed cluster housing with the highest mean for social interactions with neighbors, 
followed by traditional development, enclosed community and lastly suburban 
development. 

 

For the fifth research question (Are social interactions among neighbors correlated to 

the two types of walking (transportation and recreation) and/or familiarity?), we did a 

bivariate correlation and found a significant (p value = 0.000) and weak (Pearson 

Correlation = 0.193) correlation between social interactions among neighbors and 

walking for transportation. We found, however, significant (p value =0.000) and 

moderate correlations (Pearson Correlation = 0.645) between social interactions and 

walking for recreation. We tested familiarity, or time living in the neighborhood and 

social interactions and we found a significant (p value = 0.000) and strong correlation 

(Pearson Correlation = 0.735). 



	   250	  

For the sixth research question (Is neighborhood design correlated with wellbeing?), we 

did a Chi-square test and we did not find significant correlations between neighborhood 

design and wellbeing (physical, mental and social health), nor between neighborhood 

design and physical health, nor between neighborhood design and social health. 

However, we did find a significant correlation between neighborhood design and mental 

health (p value =0.029), where suburban development obtained the highest mean of the 

Mental Health Index, followed closely by cluster housing (Figure D16). 

 

Figure D16. Neighborhood design and mental health. The relationship between 
neighborhood design and Mental Health Index shows that suburban development 
obtained the highest mean of mental health followed closely by cluster housing. 

 

For the seventh research question (Is perceived crime correlated with neighborhood 

design, walkability, physical activity, or wellbeing?), we did a Chi-Square test and found 
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that perceived crime was significantly related to neighborhood design (p value = 0.000), 

where traditional development showed the highest percent of affirmative responses 

(Strongly agree and Agree) for perceived crime, followed by enclosed community, and 

cluster housing showed no affirmative response for perceived crime (Figure D17). For 

the purpose of visualization, we dichotomized the variable into “Yes” (for Strongly 

agree and Agree), and “No” (for Strongly disagree and Disagree). We chose to show 

affirmative answers for clarity (Figure D17). 

 

Figure D17. Neighborhood design and perceived crime. The relationship between 
neighborhood design and perceived crime shows the highest percent of affirmative 
answers in traditional development followed by enclosed community. Cluster housing 
shows zero affirmative answers for perceived crime. 

 

With regards to walkability and perceived crime, we did a bivariate correlation and we 

did not find significant correlations between perceived safety from crime and the 

Walkability Index (all the walkability categories together). However, we found 
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significant correlations when considering the walkability categories individually. We 

found significant correlations between perceived crime and land-use, traffic safety, 

surveillance, experience, and community (Table D11). The magnitude and direction of 

the correlations were positive (as the walkability category increased, so did perceived 

crime) and weak for land-use, traffic safety, for surveillance, and community. The 

magnitude and direction between the experience category and perceived crime was 

found moderate and negative. 

Table D11. Correlations between the walkability categories and perceived crime. Shown 
in bold are significant (p value <0.05) and at least moderate (Pearson Correlation >0.3) 
results. 
Walkability category tested with perceived 
crime 

Pearson 
Correlation 

Sig. N 

Connectivity 0.045 0.383 384 
Density 0.039 0.439 398 
Land-use 0.157 0.002 398 
Traffic safety 0.142 0.004 398 
Surveillance 0.174 0.001 379 
Experience -0.469 0.000 398 
Greenspace -0.006 0.901 398 
Community 0.125 0.015 378 
Walkability Index (values for the eight walkability 
categories added together and adjusted to a scale of 
0 to 1) 

0.047 0.362 372 

 

Perceived crime was not significantly related to physical activity, neither to the two 

types of walking (transportation and recreation). However, perceived crime was 

significantly correlated with wellbeing (p value = 0.011) and its three components 

separately: physical health (borderline with a p value = 0.053), mental health (p value = 

0.017), and social health (p value = 0.045). 
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Finally, for the eighth research question (Is there a significant correlation between 

presence of trees and the two types of walking, social interactions among neighbors, 

perceived crime, and wellbeing?), we did a bivariate correlation and found significant 

and weak correlations between presence of trees and walking for transportation, 

perceived crime, mental health, social health, and wellbeing (Table D12). We found 

significant and moderate correlations between presence of trees and walking for 

recreation, and significant and strong correlations between presence of trees and social 

interactions among neighbors (Table D12). 

Table D12. Correlations between trees and the two types of walking, perceived crime, 
social interactions among neighbors, and wellbeing. Shown in bold are significant (p 
value > 0.05) and at least moderate (Pearson Correlation > 0.3) results. 

Variables tested with perceived presence of 
trees 

Pearson 
Correlation 

Sig. N 

Walking for transportation 0.158 0.002 368 
Walking for recreation 0.587 0.000 485 
Social interactions among neighbors 0.755 0.000 485 
Perceived crime 0.187 0.000 398 
Physical Health Index 0.080 0.119 382 
Mental Health Index 0.096 0.060 383 
Social Health Index 0.126 0.014 383 
Wellbeing Index 0.128 0.013 375 

 

An important caveat in this study is that the sample population includes mostly people in 

their 60s and over, high-income, and highly-educated, which does not reflect the 

demographics of the population of Tucson. According to the US Census Bureau, the 

population of Tucson is 41.6& Hispanic and 47.2%white (non-Hispanic); 24.2% have a 

Bachelor’s degree or higher; the median household income is $36,939; there are 11.9% 

of people 65 years and over; and 50.5% of the population are females. The sample 
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population in this study show mostly (about 88%) white, highly-educated (91% have a 

college degree or higher), high-income (49% earn $60,000 or more), 60 years and over 

(47%), and females (63%). The higher number of responses by females has been well-

established (Laguilles et al. 2011; Parsons and Manierre 2014), as is the higher response 

rate in respondents with higher academic achievement (Parsons and Manierre 2014; 

Porter and Umbach 2006) and higher income (Fleming et al. 2013). In addition, the high 

response rate in the white population has been documented before (Porter and Umbach 

2006).  

However, our results in terms of race, education, and income are much higher than 

expected. We hypothesize that these results in the sample population are in part 

explained by the increase of retirees in Tucson during the winter season, when the data 

was collected that could elevate the age, education, and income level (Sullivan and 

Stevens 1982). Another possible explanation for these results is the recruitment method. 

Web-based surveys may leave out participants with no access to a computer or to the 

internet (Fleming et al. 2013), which may be related to income. We found a significant 

correlation between recruitment method (online, park visits, mail) and income (p value = 

0.005). We found that all of the three recruitment methods show a steady increase as 

income increases. This result suggests that higher-income cohorts are more likely to 

answer surveys especially over the mail (Figure D18). 
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Figure D18. Income and recruitment method. Percent of the income in participants 
according to recruitment method shows a steady increase as income increases for the 
three recruitment methods. 
 
 

Recruitment method and age showed significant results (p value =0.000). Participants 

who were recruited in the park were more evenly distributed throughout the age cohorts 

with a peak in the 50s; whereas the participants recruited online (through neighborhood 

associations listserv), are mostly people in their 50s and 60s; and the participants 

recruited by mail are mostly people in their 50s or over (Figure D19). These results 

suggest that people involved in their neighborhood associations (who check the email 

from their neighborhood leader) may be mostly people in their 50s and over and that 

people who answer surveys distributed over the mail may be mostly people in their 60s 

and over. The best recruitment method in order to obtain a homogenous sample in terms 

of age was the visits to the park. 
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Figure D19. Age and recruitment method. Age of participants according to 
recruitment method shows that web—based surveys were answered mostly by people in 
their 50s and 60s; paper-based surveys distributed through visits to the park were 
answered by all age cohorts with a peak on people in their 50s followed by 60s; and 
paper-based surveys distributed by mail were mostly answered by people in their 50s 
and over with a peak in the cohort in their 70s and over. 
 

With regards of the demographic distribution according to neighborhood design, the 

high number of younger cohorts from our sample population living in traditional 

development could be explained locally, by the proximity to the University of Arizona, 

where surrounding neighborhoods show this type of design that likely host students. The 

high number of people 60 years and over in cluster housing corresponds to the era when 

this design became popular in the late 1980s, as explained above, and this cohort were in 
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their 30s living in the time when many people raise families and buy houses.  The high 

number of people in their 50s who live in enclosed community correspond to the high 

proliferation of gated communities in the 1990s (Le Goix and Webster 2008), when 

people in this age cohort were starting their families as well. 

In terms of the income distribution according to neighborhood design, we found that 

income inequalities are greater in the cluster housing and enclosed community designs. 

This is compatible with Le Goix and Webster (2008), who linked gated communities to 

income inequalities. It was surprising, however, to find cluster housing hosting the 

greatest income inequalities. This may be caused by the lack of diversity of housing 

types, because most of the dwelling units in this type of development are townhomes. 

We consider that the assessment of neighborhood design using the aerial image proved 

successful because our results supports most of our hypotheses of characteristics that 

define each type of design, with the exception of greenspace. We hypothesized that 

cluster housing would have higher percent of proximity and access to greenspace but 

this variable was not significant to neighborhood design (Figure D11-11c). 

 

D5: DISCUSSION 

We used the Walkability Model to measure walkability in four types of neighborhood 

designs and obtained significant correlations between all of the walkability categories 

and neighborhood design. The hypothesis that traditional development neighborhood 

design type would result in the most walkable neighborhood was supported in this study. 
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This design obtained the highest value for most walkability categories including: 

connectivity, land-use, traffic safety, surveillance, and greenspace. However, cluster 

housing obtained the highest value for density and experience. The high value for 

experience in cluster housing was expected because the proximity to greenspace 

enhances aesthetics (natural sights) and the thermal comfort aspect of this category 

(shade). The high result of density for the cluster housing design was also expected 

because we assessed the “perceived residential density”. Our assessment of density used 

questions that inquire about the dwelling type of the respondent (Table D3). This 

assessment placed cluster housing as high in density because most respondents from this 

design type reported living in a townhome and most dwelling units in such 

neighborhood are townhomes. Cluster housing design groups houses together in order to 

preserve greenspace, so the perceived density is high because people live close together, 

but the overall density is equivalent to suburban development (single-family houses in 

big lots).  

Although we found a significant correlation between neighborhood design and physical 

activity, the magnitude of the correlation is weak. However, when the two types of 

walking (recreation and transportation) were considered, we found significant and 

moderate correlations between walking for transportation and neighborhood design.  

Traditional development obtained the highest value for walking for transportation. This 

result is consistent with Toit et al. (2007), who found that the types of walking influence 

the relationship between the built environment and physical activity, being stronger in 

the case of walking for transportation. Previous studies have found a correlation between 
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suburban development and walking for recreation (Rodríguez et al. 2006), however, in 

this study we did not find a significant correlation between neighborhood design and 

walking for recreation for any of the four design types assessed. 

We found a significant correlation between social interactions with neighbors and 

neighborhood design, where cluster housing showed the highest mean for social 

interactions followed by traditional development. This may be explained by the 

proximity of the homes in this design (mostly townhomes) that provides a higher 

perceived residential density that when combined with access to greenspace and shared 

facilities may facilitate social interactions. This result aligns with previous findings that 

relate cluster housing to increased sense of community through the use of outdoor 

shared areas (Kearney 2006), and other findings of increased social cohesion with 

proximity to greenspace (Hartig et al. 2014). In addition, this result also support 

previous research that found a reduced sense of community in an enclosed community 

(Kenna and Stevenson 2013), and in suburban development (Kearney 2006).  

Another factor that may influence social interactions is familiarity (Toit et al. 2007). We 

tested familiarity, or time living in the neighborhood and social interactions and we 

found a significant and strong correlation. This result suggests that even though 

neighborhood design likely plays a role in the social interactions among neighbors, it is 

also likely that familiarity influences the relationships between neighbors.  

Very interesting are our findings of significant and moderate correlations between 

walking for recreation and social interactions among neighbors. This relationship was 
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not significant for walking for transportation, pointing to the motivation of walking as a 

factor that influences social interactions among neighbors. This suggests that people 

who go on walks within their neighborhood for exercise, dog-walking, or simple 

recreation are more likely to interact with neighbors that people who walk for the 

purpose to reach a destination.  

Because physical activity has been linked to better health (Saelens et al. 2003), we 

expected that traditional development would obtain the highest value for physical health 

and/or wellbeing because it had the highest value for walking for transportation. 

However, with the exception of mental health, we did not find significant correlations 

between neighborhood design and wellbeing. Suburban development showed the highest 

value for mental health followed closely by cluster housing. This finding is contrary to 

New Urbanist theories that claim long automobile trips required by this type of 

neighborhood design are linked to higher levels of stress and other mental ills 

(Montgomery 2013). This favorable mental health result for suburban development may 

relate to the presence of nature throughout the neighborhood, where big lots allow big 

yards, so there is nature throughout the neighborhood. Following suburban development 

in mental health was cluster housing, which is characterized by preserved greenspace 

providing nature close to homes. This result agrees with other studies that link mental 

health benefits of nature in urban settings (Chu et al. 2004; Clark et al. 2010; Dean et al. 

2011; Guite et al. 2006).  
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It was unexpected to find that enclosed communities, which are designed to provide 

safety from crime through the use of gates and fences, were not perceived as the safer 

from crime than the other designs. Enclosed communities showed very similar results 

for perceived safety from crime as suburban development, where such gates and fences 

are not built into the design. Cluster housing showed the lowest value (zero) for 

perceived crime; which makes it the safest neighborhood based on the perceptions of the 

respondents, and traditional development showed the highest level of perceived crime 

(Figure D17). 

When testing each walkability category separately from perceived crime we found 

interesting results. Significant correlations, although weak, were found between 

perceived safety from crime and land-use, traffic safety, surveillance, and community 

(Table D11). In other words, as the value of these walkability categories increased, so 

did perceived crime. This is consistent with other studies that found that walkability and 

crime are correlated (Foster et al. 2014). The experience category, however, was 

negatively and moderately linked to perceived crime, i.e., as the experience increased, 

perceived crime decreased. This inverse relationship between the pleasantness of routes 

(experience) and crime is consistent with other findings where vegetation – particularly 

trees – throughout the neighborhood (a component of the experience category) is related 

to lower crime rates (Donovan and Prestemon 2012; Wolfe and Mennis 2012).  

The use of the walkability model that separates the neighborhood design elements into 

categories proved useful in determining which aspects of walkability are related to 
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perceived crime and which are not. In this case, connectivity, density, and greenspace 

were not related to perceived crime.  

In addition to the correlations with walkability, perceived crime was found to play an 

important role on wellbeing because it was significantly correlated to mental health, 

physical health (borderline), social health, and overall wellbeing.  

This study provides empirical evidence that a pleasant experience for walking 

(experience category) that includes the presence of trees throughout the streets, is linked 

to higher perception of safety, a higher level of walking for recreation, and an increased 

social interactions with neighbors. This study supports earlier findings where the 

greenness of the built environment was related to walking for recreation and less so with 

walking for transportation (Hartig et al. 2014). Presence of trees were also significantly 

related to mental and social health, which has also been documented before (Hartig et al. 

2014). We conclude that it is important to include trees along the streets of 

neighborhoods. 

Important caveats in this study are the demographics of our sample population, which 

calls for more research on the effects of neighborhood design on physical activity and 

wellbeing throughout all segments of the population. Another caveat is that we did not 

assess negative social interactions among neighbors, or conflicts, which may hinder 

wellbeing. Also, our assessment of perceived residential density did not capture the 

overall density of the neighborhood that includes greenspace. Finally, this study 

provides correlation and does not provide causation. With the nature of cross-sectional 
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studies like this one, there is always the possibility that people sort themselves out by 

willingness to engage in physical activity. People who like to walk may choose to live in 

a walkable neighborhood, whereas people who prefer to drive may choose to live in a 

non-walkable neighborhood.  

D6: CONCLUSION 

To our knowledge, this is the first study to examine four types of neighborhood designs 

simultaneously that includes enclosed community and cluster housing and their 

relationships to walkability, physical activity, and wellbeing. We conclude that 

traditional development was the neighborhood design type that provides the highest 

level of walkability and physical activity, but only when considering walking for 

transportation, and not for walking for recreation. However, this design also showed the 

highest level of perceived crime. 

Cluster housing showed important benefits for social interactions among neighbors and 

it was perceived as the safest from crime. Suburban development showed benefits for 

mental health followed by cluster housing, and this may be related to the presence of 

vegetation, particularly trees. This study did not find wellbeing benefits in the enclosed 

community neighborhood design type, including perceived safety from crime, a quality 

that is usually assumed to be a reason for living in this type of community. With the 

recent proliferation of enclosed communities, it becomes important to continue doing 

research on both the perceptions of and actual safety benefits of this type of design, 
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because enclosed communities disturb the connectivity of the city as a whole (USGBC 

2014). 

An important take-away message of this study is that the presence of nature, particularly 

trees, influences walking for recreation, wellbeing, perceived crime, and social 

interactions among neighbors. This study provides empirical evidence of the need to 

include vegetation, particularly trees, throughout neighborhoods in order to increase 

wellbeing. 

We also found important links between perceived crime and wellbeing and its three 

components: physical, mental, and social health. Neighborhoods that have a pleasant 

walking experience (experience category) were inversely related to perceived crime. We 

also identified which walkability categories are weakly related to perceived crime (land-

use, traffic safety, surveillance, and community) and which are not related at all 

(connectivity, density, and greenspace). 

The use of the Walkability Model proved useful in the examination of the different 

neighborhood design through the walkability categories. It also allowed us to identify 

the links between each walkability category and perceived crime.  

Results from this study shed light on the links between different aspects of the built 

environment (through the walkability categories), well-established patterns of 

development (four neighborhood designs) and wellbeing. Understanding the effects of 

neighborhood design can lead to healthier communities. 
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E1: ABSTRACT 

The use of greenspace in urban environments has been linked to numerous health 

benefits and to the support that people show towards conservation of biodiversity. In this 

study we look for wellbeing and conservation synergies between walkable 

neighborhoods and the use of greenspace. Methods include a questionnaire (N=486) and 

the use of the Walkability Model to measure walkability in the built environment. This 

study is divided into two parts that consider different spatial scales; one part is a city-

wide study (N=486) and the other part is a park study (N=103), both in Tucson, Arizona 

(USA). Results of the city-wide study show that walkability affects the frequency of use 

of greenspace highlighting the proximity and access to greenspace, a pleasant 

experience, traffic safety and land-use. Factor analysis identified two groups of people in 

terms of amenities sought in a greenspace: “urban” and “nature”. The frequency of use 

of greenspace was significantly related to wellbeing, particularly physical and social 

health. We found a significant correlation between conservation support and the 

proximity and access to greenspace as well as the frequency of its use. We found that 

people who reported to walk to greenspace are correlated to an increased use of 

greenspace and a higher level of physical health. The park study found significant 

correlations between the sides of the park and walkability, where the south side was 

found more walkable than the north. The side of the park was correlated with the 

frequency of use of greenspace, with the method of transportation used to reach a 

greenspace, and with visiting the nearest greenspace. The south side (more walkable) 

showed the highest percent of respondents reporting an increased frequency of use of 
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greenspace, walking to greenspace, and visiting the nearest greenspace. The north side 

of the park (less walkable) showed the highest percent of people driving to greenspace. 

This study suggests that neighborhood design, through walkability, provides important 

wellbeing and conservation synergies that can contribute to healthier communities and 

the protection of biodiversity beyond cities. 

Key words: greenspace, wellbeing, conservation, biodiversity, built environment, 

walkability 
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E2: INTRODUCTION  

For the first time in history, most people in the world now live in cities and this is 

projected only to increase in the future (UN DESA 2014). Although globally, human 

health is better in urban areas than in rural areas primarily because of poverty-related 

factors, urbanization can also be detrimental to wellbeing because it has caused 

sedentary lifestyles (Lottrup et al. 2012; Bai et al. 2012), increased fat in diets, crowded 

living conditions, pollution, congested traffic (Bai et al. 2012), noise (Chu et al. 2004), 

and stress (Lottrup et al. 2013; Lottrup et al. 2012). These are the driving factors of 

related diseases (Lottrup et al. 2012). Urbanization also causes injuries from automobile 

collisions, crime and violence (Bai et al. 2012). All of these effects have important 

implications in public health and health care costs (Tercek and Adams 2013).  

Urbanization has also limited the contact with nature that people have in urban 

environments (Hartig et al. 2014), and this is related to the support that people show 

towards conservation of biodiversity (e.g., conservation organizations, conservation 

policy) (Bryant 2006; Marris 2011; Tercek and Adams 2013). Because more people 

increasingly live in cities, the future of conservation may depend on how much contact 

with nature people in cities have (Bryant 2006; Marris 2011; Tercek and Adams 2013). 

Greenspace in urban environments alleviates multiple negative effects of urbanization 

and enhances wellbeing in urban environments (Sandifer et al. 2015). We define 

greenspace as public outdoor spaces with vegetation that allow physical activity and 

social interaction (e.g., parks, greenways, sport fields). It has been shown that providing 
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opportunities to experience nature in the urban environment enhances human wellbeing 

(Chu et al. 2004; Clark et al. 2010; Francis et al. 2012; Guite et al. 2006; Herrick 2009; 

Jackson 2003; Keniger et al. 2013; Lottrup et al. 2012; Sandifer et al. 2015; Ward 

Thompson et al. 2012), and has the potential to increase the support that people show 

towards conservation of biodiversity (Bryant 2006; Marris 2011; Tercek and Adams 

2013). 

Wellbeing is defined in this study as a combination of the physical, mental and social 

health; this is based on the definition of health by the World Health Organization (WHO 

1948) that states “Health is a state of complete physical, mental and social well-being 

and not merely the absence of disease or infirmity”. Greenspace in cities has restorative 

effects on wellbeing, that is, the physical, mental, and social health of the residents 

(Jackson 2003; Keniger et al. 2013; Sandifer et al. 2015). 

But not all greenspace attracts users. The quality of greenspace and adequate quantity of 

features and amenities in greenspace influence the number of visitors, which in turn may 

influence natural surveillance (people watching other people) that protects the 

greenspace from misuse, neglect, and disrepair  (Gidlow et al. 2012). Maintenance is a 

key factor on whether vegetation portrays a message of social control (well-maintained 

greenspace) or no surveillance and no social authority (badly-maintained greenspace 

including empty lots) (Wolfe and Mennis 2012). 

In addition to the characteristics of the greenspace, research has pointed to access to 

greenspace as a correlate for physical activity (Hartig et al. 2014), which in urban 
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environments may be limited. Urbanization has decreased opportunities of contact with 

nature in greenspace (Hartig et al. 2014).  Poorly designed neighborhoods (e.g., dense 

and without access to greenspace), may reduce contact with nature and increase stress in 

the residents (Hartig et al. 2014).  

Neighborhood design determines the provision and access to greenspace, and therefore 

influences the health of the residents. Neighborhood design has the potential to improve 

wellbeing (Frank et al. 2003), through walkability, which is defined as “the extent to 

which characteristics of the built environment and land-use may or may not be 

conducive to …walking” (Leslie et al. 2006). Walkable neighborhoods that provide 

access to greenspace may be a catalyst for activity and health (Herrick 2009).  

The purpose of this study is to first examine the influence of walkability on the use of 

greenspace and then to identify potential synergies with wellbeing and conservation 

support. In order to examine the wellbeing and conservation synergies between 

walkability and the use of greenspace, it is necessary to assess and measure walkability 

in the built environment. The Walkability Framework - that developed later into the 

Walkability Model- serves this purpose. The Walkability Framework is a conceptual 

representation of the built environment as it relates to physical activity, and it was 

developed from a literature review that integrated the findings from several research 

domains on neighborhood design elements that influence physical activity. These 

research domains include physical activity, land planning, transportation, thermal 

comfort, urban design, health, and the built environment. It also considers the design 
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guidelines from the Leadership for Energy and Environmental Design for Neighborhood 

Development (LEED-ND) (USGBC 2014). The Walkability Framework organizes what 

we know of walkability and divides the neighborhood design elements into nine 

walkability categories: connectivity, land-use, density, traffic safety, surveillance, 

parking, experience, greenspace, and community (Figure E1, Table E1). The 

Walkability Framework was then tested for how accurately it can measure the built 

environment with regards to physical activity and wellbeing, therefore serving as a 

model that could be used to assess the significance of correlations between 

neighborhood design elements proposed as affecting physical activity and people 

actually walking. We call this the Walkability Model. 

 

 

Figure E1. The Walkability Framework. Walkability Framework of the neighborhood 
design elements that influence physical activity grouped into nine categories: 
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connectivity, land-use, traffic safety, surveillance, parking, experience, greenspace, and 
community. The testing of this framework as a tool to measure walkability led to the 
Walkability Model. 

 

Table E1. The Walkability Framework is composed of nine interrelated and 
interdependent categories that together compose walkability.  
Walkability 
Categories 

Objective Examples of neighborhood design 
elements 

Connectivity Provide a street network that gives 
multiple direct and short routes. 

Include: 
• Grid street network  
• Multiple 4-way intersections 
Avoid: 
• Dead end streets 
• Busy intersections 
• Gates and fences 
 

Land-use Locate a variety of small size 
services at a 10 minute walk (1/2 
mile) from homes 

• Locate small size services within ½ 
mile from homes 

• Must include: food stores with produce, 
schools and child-care facilities, 
bus/transit stops, and restaurants 

• Desirable to include museums and 
theaters 

Density  Provide high residential and retail 
density. High-rise towers must 
consider pedestrian scale at the 
street level in order to avoid 
oppressive feeling. 

• Include different types of housing 
options (e.g., townhomes, apartments) 

• Push high-rise tower away from street 
line in a podium way  

Traffic safety Give pedestrians and bikers 
supremacy over cars and slow 
traffic. Also, provide safe and 
comfortable bus stops and a 
frequent and reliable bus service. 

• Provide ample sidewalks and bike lanes 
• Buffer sidewalks and bike lanes with a 

strip of vegetation and on-street parking 
• Implement traffic calming treatments 

(speed bumps, pedestrian only streets, 
speed limit signage) 

• Bus stops must have a sitting area 
covered and safe 

• Provide a frequent and reliable bus 
service that connects to the rest of the 
city 

Surveillance  Design buildings so that people 
from inside the buildings can 
watch pedestrians on the streets. 
 

• Locate building close to the street 
• Orient building entries towards street at 

short intervals 
• Windows must be located towards the 

street at pedestrian level with clear 
glass 

• Include front porches, balconies, and 
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outdoor cafes overlooking the street 
• Provide lighting 

Parking  Decrease parking availability and 
locate parking away from streets 

• Provide incentives for car sharing 
• Locate parking behind buildings or in 

basements with entries towards 
secondary streets 

Experience  Provide a pleasant walking and 
biking experience by addressing 
the streetscape, aesthetics, way 
finding, thermal comfort, slope, 
fumes, cell phone towers, and 
dogs/wildlife. 

• Include trees and vegetation along the 
streets, water bodies, landmarks, 
signage, and high fences 

• Locate garbage containers away from 
the sidewalks 

• Implement maintenance and cleaning 
programs for trash, graffiti, and 
evenness of sidewalks 

Greenspace  Include a variety of greenspace in 
size and proximity with easy 
access and vegetation throughout 
the neighborhood. 

• Include greenspace at 1 minute walk, 5 
minute walk, and 10 minute walk from 
homes and in a variety of sizes.  

• All homes must have a view of nature 
Community  Provide spaces for social 

interactions among neighbors and 
encourage neighbors’ participation 
in the decision making process of 
the community 

• Include a civic space, community 
center, shared facilities, permaculture 
garden, and spaces for community 
gathering within the neighborhood 

• Encourage neighbors participation in 
organizations 

 

Little is known about the synergies of walkable neighborhoods and the use of 

greenspace. Very little is also known about how walkable neighborhoods may relate to 

wellbeing and conservation support. This study fills these two gaps by exploring the 

potential correlations between walkable neighborhoods and the use of greenspace, the 

characteristics of greenspace that increase its human use, and its effects on wellbeing 

and conservation support.  

 

E3: METHODS 

This study was conducted in Tucson, Arizona, (USA) where there is a wide variety of 

greenspace within the city and metro area, yet access to that greenspace is limited. The 
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outskirts of Tucson are almost entirely surrounded by parks (e.g., Tucson Mountain 

Park, Sahuaro National Park Tucson Mountain District, Sahuaro National Park Rincon 

Mountain District, Tortolita Mountain Park, Coronado National Forest). These parks 

have the potential to be ecologically connected to most of the city through a system of 

washes and greenways that runs through the city (City of Tucson and Parks and 

Recreation 2015). The city also is home to multiple parks distributed throughout (“City 

of Tucson - Park Locator” 2015) (Figure E2). Despite this relatively positive context, 

only about half of Tucson’s population has access to a greenspace. The ParkScore Index 

developed by the Trust for Public Land measures how well the 60 largest cities in the 

U.S. meet the need for parks (The Trust for Public Land 2013); Tucson is ranked 42 (out 

of 60 cities); 54% of the Tucsonans live within a 10 minute walk of a park. This wide 

provision of greenspace with a relatively limited access provided the ideal setting for 

this study.  

This research considers two spatial scales, a city-wide scale, and a neighborhood scale. 

The city-wide scale includes the City of Tucson and metro area and henceforth is 

referred to as the “city-wide study” (Figure E2). The study at a neighborhood scale, 

which in this study we refer to as the “park scale” considers a study site within Tucson 

that was selected because a gradient of socioeconomic status, population density and 

design features, such as proximity to greenspace and connectivity were manifest; all 

within proximity to an important greenspace that cuts across a large portion of the city 

which is known as the Rillito River Park (Figure E3). The north side of the Rillito River 

Park is considered low in walkability because the predominant neighborhood design are 



	   280	  

based on a cul-de-sac street network (low connectivity), there are mostly single-family 

detached homes in big lots (low density), and there is little pedestrian infrastructure (low 

traffic safety) (Table E1). By contrast, the south side of the Rillito River Park is 

dominated by a neighborhood design characterized by a grid street network with some 

fenced neighborhoods (moderate in connectivity), single-family detached home in small 

lots, townhomes, and apartments (high density), and some areas have pedestrian and 

biking infrastructure (high/moderate traffic safety) (Figure E3, Table E1). These 

differences in neighborhood design on each side of the same greenspace, clearly divided 

by an ephemeral riverbed, provided the ideal setting for this study on walkability and its 

influence on the use of greenspace.  
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Figure E2. Greenspace in Tucson, AZ. The city-wide study is conducted in the Tucson 
area, which is almost surrounded by national parks, there is a system of washes that runs 
throughout the urban area and there are public parks scattered throughout the city and 
metropolitan area. 
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Figure E3. Study site at the Rillito River Park. The park study considers a section of 
the Rillito River Park in Tucson, AZ. This is a greenway with a bike/walking path along 
both sides of the Rillito River Wash. The different sides of the park (north and south) 
display a contrast in street network, residential density, and infrastructure for traffic 
safety, along with a gradient of socioeconomic status. 
 
  
 
The research questions for this research are divided into two parts, the city-wide study, 

and the park study. For the city-wide study (Figure E2): 
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1. Does walkability affect the frequency of use of greenspace? What is the ranking 

order of influence between the walkability categories and the frequency of use of 

greenspace? 

2. What are the reasons people visit greenspace? 

3. Is there a relationship between walking to greenspace, the frequency of use of 

greenspace, and wellbeing? 

4. Is conservation support related to the provision and use of greenspace, visiting 

wilderness areas and walking to greenspace?   

5. Does the method of transportation to reach greenspace affect the frequency of 

use of greenspace? 

6. Are people who walk to greenspace correlated to wellbeing? 

For the park study (Figure E3): 

7. What side of the park has a higher level of walkability? 

8. Is there a significant correlation between the side of the park and the frequency 

of use of greenspace? 

9. Does the side of the park affect the method of transportation used to reach a 

greenspace? 

10. Does the side of the park affect the frequency of visiting the nearest greenspace? 

 

In order to examine the synergies between walkability and the use of greenspace, we 

created a questionnaire designed to capture the attitudes, perceptions, and behavior of 
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the residents with respect to the characteristics of their neighborhoods assessed by the 

Walkability Framework and measured by the Walkability Model (Figure E1, Table E1). 

The content, structure and delivery approach for the questionnaire was developed based 

on a mix of existing and successfully tested surveys conducted in past studies and the 

preliminary testing of questions tailored to the needs of this study. The majority of the 

questions were formed based on a four-point Likert scale (Strongly agree, Agree, 

Disagree, Strongly disagree). Some of these questions required a reverse in the value in 

order to get a consistent increasing value order. Other questions used a binary format (0 

or 1) that included a list of alternatives. For most of the sections of the questionnaire, the 

response values were added together and adjusted to a scale of 0 to 1 in order to get 

comparable indices.  

The questionnaire involves five sections: (1) walkability, (2) the use of greenspace, (3) 

wellbeing, (4) conservation support, (5) demographics.  

3.1. Walkability 

The walkability section is based on the Walkability Model that includes nine categories: 

connectivity, density, land-use, traffic safety, surveillance, parking, experience, 

greenspace, and community (Table E1). This study did not include the parking category 

because there is wide availability of parking throughout Tucson, so it became irrelevant 

to measure. The questions for this section were based from the Neighborhood 

Environment Walkability Scale (NEWS) questionnaire developed by (Saelens et al. 
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2003) and later abbreviated by (Cerin et al. 2006), and questions derived from LEED-

ND design guidelines for sustainable development (USGBC 2014) (Table E2).  

Table E2. Inputs from questionnaires for the walkability categories.  

Connectivity questions  Options Value 
8. There are major barriers for walking 
9. The distance between intersections is usually short (100yards)* 
10. There are many alternative routes for getting from place to 

place* 
11. My neighborhood is a gated community 
12. My neighborhood is fenced on the outer boundary 
13. The streets in my neighborhood have many cul-de-sacs 
14. Back alleys serve most of the garages in my neighborhood* 

Strongly agree 1 
Agree 2 
Disagree 3 
Strongly disagree 4 
 

Density questions Options Value 
5. Select the option that best describes your dwelling type unit  Single family 1 

Townhome 2 
Apartment 3 
Multi-family 4 
Temporary home 5 

6. How common are single-family housing?* 
7. How common are townhomes? 
8. How common are apartments/condos?* 

None 1 
A few 2 
Some 3 
Most 4 
All 5 

Land-use questions Options Values 
Check the services that are located within 10 minute walking 
distance (1/2 mile or less from your home (check all that apply) 
Bus stop, Gym, Post office, Bank, Supermarket, Hair salon/barber, 
School, Police station, Food store with produce, Laundry/dry 
cleaner, Theater, Pharmacy, Clothing store, Restaurant/café/diner, 
Medical clinic, Convenient store, Government office, Farmers 
market, Child care facility, Social services center, Hardware, 
Museum 

Checked 1 
Unchecked 0 
Basic services valued at 1. 
Essential services:  Supermarket, 
School, Food, Theater, 
Restaurant, Child care, Farmers 
market valued at 3X. Essential 
service that also provides external 
connectivity: Bus stop, 5X 

Traffic Safety questions Options Value 
9. There are bike lanes on most of the streets* 
10. There are sidewalks on most of the streets* 
11. Sidewalks are separated from road/traffic by parked cars* 
12. There is grass/dirt strip that separates the streets from most of 

the sidewalk* 
13. There are dirt trails on most of the streets* 
14. There are crosswalks and pedestrian signals to help walkers 

cross busy streets* 
15. The streets have speed bumps* 
16. The speed limit is 25mph or less on most of the streets* 

Strongly agree 1 
Agree 2 
Disagree 3 
Strongly disagree 4  
 

Surveillance questions Options Values 
6. My neighborhood street are well lit at night* Strongly agree 1 
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7. Most units have front porches* 
8. The buildings are located close to the street* 
9. Most dwellings have front garage doors 
10. My neighborhood has back alleys with garages* 

Agree 2 
Disagree 3 
Strongly disagree 4

  

Experience questions Options Values 
Aesthetics 
12. There is graffiti in my neighborhood 
13. There is trash/litter in my neighborhood 
14. There are many attractive natural sights to look at while 

walking* 
15. There are attractive buildings and homes* 
16. Possible interactions with wildlife makes it attractive to go on 

walks* 
17. Possible interactions with wildlife or stray dogs makes it 

unsafe to go on walks 

Strongly agree 1 
Agree  2 
Disagree 3 
Strongly disagree 4 
 

Slope 
18. Most streets are hilly making it difficult to walk or bike 
Way-finding 
19. It is easy to get lost while walking 
20. There is clear signage or landmarks that help me find my way* 

Thermal comfort 
21. There is enough shade to walk comfortably* 
22. There are trees along the streets* 
Greenspace questions Options Values 
Proximity to Greenspace 
4. How far is the nearest greenspace from your home?* 

¼ mi (5 min walk) 1 
1/2mi (10 min walk) 2 
Farther that 1/2mi 3 

5. Greenspace is a services close to home Checked 1 
Unchecked  0 

Access to Greenspace 
6. It is easy to walk to greenspace from my home* 

Strongly agree 1 
Agree 2 
Disagree 3 
Strongly disagree 4 

Community questions Options Values 
3. Selecting/not-selecting “Community facilities”  and 

“Church” as services close to home 
Checked 1 
Unchecked  0 

4. My neighborhood shares facilities (e.g., pool, tennis courts, 
community center)* 

Strongly agree 1 
Agree 2 
Disagree 3 
Strongly disagree 4 

*Questions marked with an asterisk were reversed from their original source format in order to be 
consistent with intent of the instrument to capture increasing levels of walkability, thereby reducing 
potential confusion of respondents.  

 
 
 

3.2. The use of greenspace 
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The section for the use of greenspace in the questionnaire is composed of five parts: the 

frequency of use of greenspace, the uses of greenspace, the reasons for visiting 

greenspace, the methods of transportation used to reach a greenspace, and visiting the 

nearest greenspace (Table E3). Because we are looking for wellbeing synergies of the 

use of greenspace, some response values were more heavily weighted	  in order to 

emphasize the differences between time frequencies (daily, weekly, monthly, yearly). 

For the frequency of use, we increased the value of “Daily” by giving this answer 6 

points (6X), of “1 or more times a week” by giving this value 4 points (4X), and of “1 or 

more times a month” by giving this value 2 points (2X). The value for “1 or more times 

a year” did not receive extra points. The majority of the questions for the use of 

greenspace were assessed with one question that provided multiple options with the 

possibility to “check all that apply”. 

 
Table E3. Use of greenspace. 
Questions Options Value 
Frequency of Use 
How often do you visit greenspace? 

• Daily (6X) 
• 1 or more times a week (4X) 
• 1 or more times a month (2X) 
• 1 or more times a year 

Checked 
Unchecked 

1  
0 

Reasons for visiting greenspace  
Select the reasons why you visit greenspace (check 
all that apply) 

• Safety  
• Close to home 
• Playgrounds  
• Picnic areas 
• Sitting areas 
• Walking paths 
• Dirt trails 
• Biking facilities 
• Restrooms  
• Well-maintained  

Checked  
Unchecked  

1 
0 
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• Enough people 
• Clean  
• Pet-friendly  
• Easy-access  
• Parking  
• Tress  
• Sports facilities  
• Wildlife  
• Water bodies 
• On my way somewhere (walking/biking) 

Methods of transportation used to reach a greenspace 
What method of transportation do you usually use 
to reach a greenspace? (check all that apply) 

• Walk 
• Skate 
• Bike 
• Bus 
• Car 
• Other  

Checked 
Unchecked 

1 
0 

Visit the nearest greenspace 
Do you usually visit the nearest greenspace to 
your home?* 
 

Yes, most of the time 
Sometimes 
No, I rarely do 

1 
2 
3 

*Questions marked with an asterisk were reversed from their original source format in order to be 
consistent between increasing numeric values and the order of the responses. 
 

3.3. Wellbeing 

The wellbeing section of the questionnaire is divided into three parts: physical health, 

mental health, and social health. This section is based on the 12 Item Short Form Health 

Survey (12-SFHS) developed by (Ware Jr et al. 1996) that measures physical and mental 

health. Two questions for social health were added that inquire about spending time with 

friends and family (how much time during the past 4 weeks… have you had someone (or 

a pet) to walk with, and have you met with family and friends). The last question from 

the 12-SFHS was moved to the social health part because it inquires about social 

activities. 
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3.4. Conservation support 

The section for conservation support included two questions based on a four-point Likert 

scale (Strongly agree, Agree, Disagree, and Strongly disagree) that read: (1) I have 

visited a wilderness area or national park  in the past 6 months, and (2) Wilderness 

areas are important and should be preserved. 

3.5. Demographics 

Demographic data included: Age (18-29, 30-39, 40-49, 50-59, 60-69, and 70 or more), 

Gender (Male/Female), Race/Ethnicity (check all that apply) (African-American, 

Alaskan Native, American Indian, Asian, Hispanic or Latino, Native Hawaiian, White, 2 

or more races), Income ($30,000 or less, $30,001 to $59,000, $60,000 or more), 

Education (check all that apply) (High-school, Professional School, University or 

College, Master’s/PhD), dog-walking (Do you walk a dog? No, Sometimes, Yes) and zip 

code.  

 

There were two format versions of the questionnaire: online and paper-based. The online 

version was created using a survey and statistics software DatStat Illume v. 5.1(“DatStat 

| Illume and Discovery Software for Research Surveys” 2012). To recruit participants, 

we used trusted channels of communications to recruit potential participants in the City 

of Tucson and Pima County, which include neighborhood and homeowners associations, 

which are supported administratively by local electoral districts known as wards. The 

researcher contacted ward officials and presidents of neighborhood and homeowners 
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associations prior to the distribution explaining the research project and asking them for 

their collaboration in forwarding an invitation email to the residents from their districts 

or neighborhoods. The invitation email contained a link to the online questionnaire. The 

paper-based questionnaire was distributed through visits by the researcher to the Rillito 

River Park on both the north and the south sides. The third recruitment method was 

through mail. We used mail with the intention to reach residents not accessible via email 

and also to increase the number of responses from particular neighborhood designs, 

which was the basis of a parallel study. The number of total responses was 486 (N=486), 

where the online version (distributed by email) received 338, the park visits obtained 

103, and the mailed responses were 45 (Figure E4). The questionnaire was administered 

from January through March 2014, which corresponds to a comfortable climate where 

walking can occur. 

 

 
Figure E4. Count of responses by recruitment method. Recruitment methods 
included online (through email), visits to the park, and mail (N=486). 
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The city-wide study used all of the responses to the questionnaire recruited by the three 

methods. The park study used the responses obtained from the visits to the Rillito River 

Park. The responses obtained from the park included 59 responses from the north side, 

and 44 responses from the south side.  

Bivariate correlations were conducted to test the significance, the direction, and the 

magnitude between a pair of variables, where the Pearson Correlation coefficient 

provided the direction: positive numbers mean that as one variable increases the other 

variable also increases, and negative numbers mean that as one variable increases the 

other variable decreases. This coefficient also provided the magnitude: it ranges from 0 

to 1/-1, where numbers close to 0 are weakly related, and close to 1 are strongly related. 

Moderate correlations are considered between 0.3 – 0.7. The p-value provided the 

significance of the relationship, where numbers less than 0.05 are considered significant. 

This means that the variables are correlated and this relation does not happen by chance. 

However, this test does not provide causation. 

We also used factor analysis to identify concealed variables and determine a few factors 

that explain the variability of the data (Thompson 2004). The scree plot resulting from 

the factor analysis allows us to identify distinct groups or principal components if there 

are steep portions in the plot or if the Eigen values are larger than 1. Factor analysis 

allows us to interpret the components or factors by identifying the highest numbers in 

each component through the analysis of variance (ANOVA). These analysis were 
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conducted using the Statistical Package for the Social Sciences (SPSS) (“IBM SPSS 

Software” 2015). This research was approved by the Institutional Review Board for the 

Protection of Human Subjects at the University of Arizona on December 12, 2013 (IRB 

# 13-0855 UAR Number 1300000855). 

 

E4: RESULTS 

Demographics of our sample population in the city-wide study show about half of the 

respondents (47%) reported to be 60 and over, while one fourth of the respondents 

(25%) reported to be in their 50s, and the remainder were between their 40’s (14%) and 

younger (14%)(Table E4). More than half of the respondents (63%) reported to be 

females. The majority of the respondents reported being of white ethnicity (88%), while 

most of the balance reported being Hispanic (9%), with the remainder reporting to be 

Native American, Asian, or two or more races. In terms of income, about half of the 

respondents (49%) reported a high-income, followed by about a third (32%) a medium 

income, and the remainder a low income. In terms of education, most of the respondents 

(91%) reported high-education (college/university degree or beyond), while the 

remainder reported professional school (4%), and high-school (5%). 	  

Table E4. Demographic information obtained from the questionnaire. 
Age group 

 Freq. Percent Valid 
Percent 

Cum. 
percent 
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18-29 
30-39 
40-49 
50-59 
60-69 
70 or more 
Total 
No answer 
Total 

20 
34 
56 
96 

103 
79 

388 
98 

486 

4.1 
7.0 

11.5 
19.8 
21.2 
16.3 
79.8 
20.2 

100.0 

5.2 
8.8 

14.4 
24.7 
26.5 
20.4 

100.0 

5.2 
13.9 
28.4 
53.1 
79.6 

100.0 

 

Gender 
Male 
Female 
Total 
No answer 
Total 

142 
238 
380 
106 
486 

29.2 
49.0 
78.2 
21.8 

100.0 

37.4 
62.6 

100.0 

37.4 
100.0 

 

Race/Ethnicity 



	   294	  

Native 
American 
Asian 
Hispanic 
White 
2 or more 
Total 
No answer 
Total 

4 
5 

32 
327 

4 
372 
114 
468 

.8 
1.0 
6.6 

67.3 
.8 

76.5 
23.5 

100.0 

1.1 
1.3 
8.6 

87.9 
1.1 

100.0 

1.1 
2.4 

11.3 
98.9 

100.0 

 

Income 
$30,000 or less 
$30,001 to 
$59,999 
$60,000 or 
more 
Total 
No answer 
Total 

70 
116 
180 
366 
120 
486 

14.4 
23.9 
37.0 
75.3 
24.7 

100.0 

19.1 
31.7 
49.2 

100.0 

19.1 
50.8 

100.0 

 

Education 
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High-School 
Professional 
School 
University or 
College 
Master’s – 
PhD 
Total 
No answer 
Total 

20 
17 

179 
167 
383 
103 
486 

4.1 
3.5 

36.8 
34.4 
78.8 
21.2 

100.0 

5.2 
4.4 

46.7 
43.6 

100.3 

5.2 
9.7 

56.4 
100.0 

 

 

 

The demographics for the park study showed more heterogeneous results (Figure E5). 

For age, 15% reported to be 70 years or older, 22% in their 60s, 31% in their 50s, 10% 

in their 40s, 10% in their 30s, and 11 % reported to be 18 to 29 (Figure 5a). For gender, 

about half (51%) of the respondents reported to be female, and the other half (49%) 

reported to be male (Figure 5b). The majority of the respondents reported to be white 

(78%), while the remainder reported to be Hispanic (11%), and the rest was distributed 

among Asian (2%), American Indian (2%), and two or more races (4%)(Figure 5c). 

About half of the respondents (52%) reported to have high income, while a third (32%) 

reported to have medium income, and the remainder (16%) reported to have low income 

(Figure 5d). Finally for education, 39% reported to have earned a graduate degree 

(Master’s or Ph.D.), 48% reported having earned a university or college degree, 6% 
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reported a degree from a professional school, and the rest (7%) reported having finished 

high school (Figure 5e).  

 
Figure 5a 

 
Figure 5b 
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Figure 5c 

 
Figure 5d 

 
Figure 5e 
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Figure E5. Demographic data within the study site of the Rillito River Park. 5a. 
Age, 5b. Gender, 5c. Ethnicity, 5d. Income, 5e. Education. 
 

The demographics for both the city-wide and park study show mostly people in their 60s 

and over, high income and highly educated. The high number of responses from the 

female population has been documented before (Laguilles et al. 2011), as has been the 

high response of people with high academic achievement (education) (Parsons and 

Manierre 2014), high income (Fleming et al. 2013), and white ethnicity/race (Porter and 

Umbach 2006). However, our results are beyond the expected and surely affect the 

results of this study because the socio-economic status has been identified as a 

confounding factor for the relationship between wellbeing and contact with nature 

(Hough 2014; Sandifer et al. 2015).  

These demographics are probably a consequence of several factors including the season 

when the questionnaire was distributed, which was from January through March 2014. 

Tucson is well known for attracting winter visitors from northern latitudes that generally 

include wealthy and highly educated retirees (Sullivan and Stevens 1982). Another 

factor influencing these results include the recruitment method, where this study found 

significant associations (p value = 0.000) between recruitment method (online, park, 

mail) and age, and between recruitment method and income (p value = 0.005). With 

regards to education, this study did not find significant associations between education 

level and recruitment method.   
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For the city-wide study, we asked six research questions. For the first research question 

(Does walkability affect the frequency of use of greenspace? What is the ranking order 

of influence between the walkability categories and the frequency of use of greenspace), 

we used bivariate correlation to examine links between walkability and the frequency of 

use of greenspace and we found significant but weak results. However, when we tested 

each walkability category (connectivity, density, land use, traffic safety, surveillance, 

experience, greenspace, and community) (Table E2) and the frequency of use of 

greenspace (Table E3), we found significant correlations for all the walkability 

categories, except for community. This relationship was weak for connectivity, and 

surveillance; moderate for density, land use, traffic safety, and experience; and strong 

for greenspace (Table E5).   

 

Table E5. Bivariate correlations tested the significance, direction, and magnitude of the 
frequency of use of greenspace and the walkability categories. Shown in bold are the 
significant and moderate/strong associations. 
Walkability category tested with Frequency of 
use of greenspace 

Pearson 
Correlation 

Sig. N 

Connectivity 0.102 0.045 386 
Density 0.518 0.000 485 
Land-use 0.475 0.000 485 
Traffic safety 0.629 0.000 485 
Surveillance 0.114 0.026 380 
Experience 0.690 0.000 485 
Greenspace 0.713 0.000 485 
Community 0.019 0.715 380 
Walkability Index (all categories together) 0.162 0.002 373 
 

For the second research question (why do people visit greenspace?), we asked the 

question Select the reason why you visit greenspace (check all that apply) with multiple 

options (Table E3). This question was part of the city-wide study, where we found that 
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proximity and access to greenspace are the most popular responses within the sample 

population followed by walking paths, maintenance, cleanness, and wildlife (Figure E6). 

The least popular responses were playgrounds, picnic areas and sports facilities.   

 

 
Figure E6. Reasons for visiting greenspace. Count of responses for reasons for visiting 
greenspace show that close to home and easy access were the most popular responses 
while playgrounds, picnic areas and sports facilities were the least popular responses. 
 
 
For this question, we used factor analysis and found clustering in the data where six 

potential components were identified through inspection of scree plot (steep portions) or 

Eigen values >1 (Figure E7). The first rotated component obtained high values for well-

maintained, parking, safety, restrooms, clean and enough people and are referred to as 
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“urban” henceforth. The second rotated component obtained high values for wildlife, 

dirt trails, water bodies, and tress and are referred to as “nature” henceforth (Table E6 

and E7).  

 
Figure E7. Scree plot for “the reasons to visit greenspace” show a steep portion of 
the plot with two distinct components and six potential components (through inspection 
of scree plot or Eigen values >1). 
 
 
 
Table E6. Factor Analysis, variance explained 

Variance Explained 

Component 
Initial Eigenvalues Rotation Sums of Squared 

Loadings 

Total % of 
Variance 

Cumulative 
% Total % of 

Variance 
Cumulative 
% 

1 4.741 23.706 23.706 3.031 15.153 15.153 
2 1.489 7.444 31.150 2.125 10.625 25.779 
3 1.443 7.217 38.367 1.968 9.842 35.621 
4 1.326 6.631 44.998 1.652 8.258 43.879 
5 1.181 5.906 50.904 1.361 6.805 50.684 
6 1.093 5.464 56.367 1.137 5.683 56.367 
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7 0.926 4.632 60.999       
8 0.870 4.352 65.351       
9 0.822 4.109 69.460       
10 0.799 3.995 73.455       
11 0.717 3.585 77.040       
12 0.695 3.477 80.517       
13 0.608 3.042 83.559       
14 0.562 2.811 86.370       
15 0.531 2.656 89.026       
16 0.515 2.574 91.600       
17 0.463 2.314 93.915       
18 0.439 2.193 96.107       
19 0.406 2.030 98.137       
20 0.373 1.863 100.000       
Extraction Method: Principal Component Analysis. 
 
 

Table E7. Factor Analysis shows a Rotated Component Matrixa for “reasons to visit 
greenspace”. Shown in bold are the highest values for the first two components (column 
1 and 2). 

Rotated Component Matrix 

  
Component 

1 (urban) 2 (nature) 3 4 5 6 
Well-maintained 0.670 0.158 0.234 0.033 0.143 0.079 
Parking 0.651 0.096 0.154 0.091 -0.139 0.126 
Safety  0.637 0.031 -0.028 -0.018 0.298 -0.101 
Restrooms  0.622 0.307 -0.090 0.146 0.179 0.007 
Clean  0.612 0.187 0.212 0.246 -0.069 0.146 
Enough people  0.608 -0.082 0.089 0.073 -0.041 -0.044 
Wildlife  0.107 0.767 0.178 0.127 0.046 -0.058 
Dirt trails  0.040 0.631 0.230 -0.051 -0.034 -0.070 
Water bodies 0.179 0.592 -0.107 0.259 0.054 0.213 
Trees  0.173 0.412 0.344 0.214 -0.020 0.294 
Close to home  0.183 0.091 0.729 -0.002 0.158 -0.091 
Easy-access  0.366 0.172 0.691 0.068 0.058 -0.056 
Pet-friendly  -0.063 0.057 0.546 0.140 0.017 0.248 
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Walking paths  0.422 0.376 0.429 -0.025 -0.009 -0.164 
Picnic areas  0.108 0.152 0.009 0.776 0.130 -0.090 
Sitting areas  0.263 0.261 0.070 0.676 -0.048 -0.007 
Playgrounds  -0.017 -0.403 0.262 0.546 0.002 0.142 
Biking facilities  0.312 0.087 -0.009 -0.082 0.764 0.103 
On my way to go 
somewhere 
(walking/biking) 

-0.129 -0.054 0.222 0.175 0.743 -0.016 

Sports facilities  0.052 -0.022 0.023 -0.059 0.059 0.895 
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 8 iterations. 
 

For the third research question (Is there a relationship between walking to greenspace, 

the frequency of use of greenspace, and wellbeing), also considered the city-wide data 

(N=486). In order to answer this question, we did a bivariate correlation and found that 

the frequency of use of greenspace is significantly correlated to physical health, social 

health, and wellbeing, but the magnitude is weak. We did not find a significant 

correlation with mental health (Table E8). In addition, we found that walking to 

greenspace is significantly and moderately correlated to physical health. 

 

Table E8. Bivariate correlations between the frequency of use of greenspace and 
wellbeing and its three components, physical, mental, and social health. Shown in bold 
are the significant and moderate/strong associations. 

Frequency of use of greenspace Walking to greenspace 
 Pearson 

Correlation 
Sig. N Pearson 

Correlation 
Sig. N 

Physical health 0.167 0.001 382 0.554 0.030 382 
Mental health 0.071 0.166 383 -0.066 0.198 383 
Social health 0.190 0.000 383 0.090 0.077 383 
Wellbeing 0.211 0.000 375 0.011 0.831 375 
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The fourth research question (Is conservation support related to the provision and use of 

greenspace, visiting wilderness areas, and walking to greenspace?), we also used the 

city-wide data. To answer this question, we used bivariate correlation and found 

significant results. The relationship between frequency of use of greenspace (Table E3) 

and conservation support (Wilderness areas are important and should be preserved) was 

found to be significant and moderate. In addition, people who live in close proximity to 

greenspace and have easy access (greenspace category in Table E2) were found 

significantly correlated to conservation support and this correlation was found positive 

and moderate. The relationship between visiting wilderness areas (I have visited a 

wilderness area or National Park in the past six months) and conservation support was 

significant and strong. Finally the relationship between walking to greenspace and 

conservation support was found significant but weak (Table E9).  

 

Table E9. Bivariate correlation with conservation support. Shown in bold are significant 
results. 
Conservation support Pearson Correlation Significance N 
Frequency of use of greenspace  0.438 0.000 485 
Greenspace category  0.469 0.008 485 
Visiting wilderness areas 0.718 0.000 486 
Walking to greenspace 0.263 0.000 486 
 

For the fifth research question (Does the method of transportation to reach greenspace 

affect the frequency of use of greenspace?), we used a bivariate correlation to test the 

method of transportation to reach greenspace and the frequency of use of greenspace and 

we found significant and moderate results for walking, and significant and weak results 

for driving a car and biking (Table E10, Figure E8). No significant correlations were 
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found for the other methods of transportation.  The difference in percentages between 

positive and negative responses of the methods of transportation (Yes, I walk to a 

greenspace vs. No, I don’t walk to a greenspace), showed a greater contrast for walking 

than for the other methods of transportation. 

Table E10. Bivariate correlation between frequency of use of greenspace and method of 
transportation used to reach a greenspace. Shown in bold are significant results. 
Frequency of use of greenspace Pearson Correlation Significance N 
Walking  0.533 0.000 485 
Biking 0.226 0.000 485 
Driving a car 0.275 0.000 485 
Bus -0.002 0.963 485 
Skate 0.053 0.244 485 
 

 
Figure 8a.  
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Figure 8b. 
 

 
Figure 8c.  
 
Figure E8. Method of transportation and frequency of use. All affirmative answers 
for the methods of transportation used to reach greenspace show a higher mean for the 
frequency of use of greenspace. However, there is a higher contrast between the 
affirmative and negative answers for walking to greenspace (8a walking) than the other 
methods of transportation (8b driving, and 8c biking).  
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The sixth and final question for the city-wide study (Are people who walk to greenspace 

correlated to wellbeing?), we used bivariate correlation between walking to greenspace 

and wellbeing and its three components (physical, mental, and social health), and we did 

not find significant results. 

The next four questions are directed towards the park study. For the seventh research 

question (What side of the park has a higher level of walkability?), we used the bivariate 

correlation to test the links between the side of the park and walkability. We found 

significant (p value = 0.000) and moderate results (Pearson Correlation = 0.361) (N=93).  

As expected, the south side of the park showed a higher level of walkability (Figure E9). 

 

Figure E9. Walkability and side of the park. The south side of the park shows a 
higher mean of walkability as assessed by the Walkability Model.  
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For the eight research question (Is there a significant correlation between the side of the 

park and the frequency of use of greenspace?), we used a bivariate correlation and found 

a significant (p value = 0.030) and weak correlation (Pearson Correlation = 0.214) 

(N=103) between the frequency of use of greenspace and the side of the park. Again, the 

south side of the park showed a higher mean of frequency of use of greenspace (Figure 

E10). 

 

 

Figure E10. Frequency of use of greenspace and side of the park. The south side of 
the park shows a higher mean of the frequency of use of greenspace. 

 

For the ninth research question (Does the side of the park affect the method of 

transportation used to reach a greenspace?), we did a bivariate correlation and found 

significant (p value= 0.000) and moderate (Pearson Correlation = 0.439) (N=103) results 

for walking to greenspace (Figure E11). In the case of driving to greenspace and side of 
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the park, we found again significant (p value = 0.000) and moderate results (Pearson 

Correlation = -0.405) (N=103) (Figure E12). For biking, we did not find a significant 

correlation between the side of the park and using a bicycle to reach a greenspace. Two 

respondents reported using the bus and no one reported using skates. 

 

 
Figure E11. Walking to greenspace and side of the park. The south side of the park 
shows a higher percent of respondents who reported to walk to a greenspace. 
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Figure E12. Driving to greenspace and side of the park. The north side of the park 
shows a higher percent of respondents who reported to drive their car to go to a 
greenspace. 
 
 
Finally, for the tenth research question (Does the side of the park affect the frequency of 

visiting the nearest greenspace?), we used bivariate correlation to test the link between 

visiting the nearest greenspace and the side of the park. We found a significant (p value 

= 0.004) and weak result (Pearson Correlation = 0.280) (N=103). The south side of the 

park showed lower percent of negative answers and higher percent of positive answers 

(Figure E13). 
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Figure E13. Visiting nearest greenspace and side of the park. The south side of the 
park reports a higher percent of respondents who reported visiting the nearest 
greenspace to their home. 
 
 

E5: DISCUSSION 

In this study we sought to understand the influence of walkability on the use of 

greenspace and to explore potential synergies between walkability with wellbeing and 

conservation support. We found that the walkability of the neighborhood, as reported by 

the participants and through the assessment of the Walkability Model, does influence the 

frequency of use of greenspace. The use of the Walkability Model proved useful in 

identifying the walkability categories that are significantly correlated to the frequency of 

use of greenspace and which were not. In this case, strong correlations were found for 

the walkability category greenspace (proximity and access). If people have greenspace 

in close proximity and easy access, it is more likely that the visit greenspace more 
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frequently than those who do not. This finding is comparable with the results of other 

studies (Gidlow et al. 2012; Hartig et al. 2014; Irvine et al. 2013). Through the 

Walkability Model we could identify that the walkability categories experience (the 

pleasantness of the walking routes), traffic safety (pedestrian and biking infrastructure), 

density (type of prevalent dwelling units), and land-use (proximity of dwelling units to 

services within walking distance) are all important for the frequency of visiting 

greenspace. By contrast, the walkability categories connectivity (street network), and 

surveillance (buildings that allow people inside the building to watch the streets) were 

weakly related. Community (places for community gathering) was a walkability category 

that was not related at all. These findings shed light on how neighborhood design can 

increase the frequency of use of greenspace by directing efforts to those neighborhood 

design elements of the walkability categories that affect the use of greenspace. 

It was not surprising to find that the most popular reasons for visiting greenspace were 

close to home and easy access, because this aligns with the findings of other studies 

(Gidlow et al. 2012) and with our results from the first research question, where the 

greenspace category was the strongest in magnitude for the frequency of use of 

greenspace. Proximity and access to greenspace was followed by walking paths. This is 

aligns with the findings from (Little 1990), where the most popular recreational 

activities are bicycling, jogging and walking, so the provision of walking and biking 

paths serve the interests of most people. The next popular reasons to visit a greenspace 

were maintenance and clean, which supports evidence that maintenance is a key factor 

for the use of greenspace (Gidlow et al. 2012; Wolfe and Mennis 2012). We also found 
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that wildlife was also a popular reason to visit greenspace and this aligns with (Gidlow 

et al. 2012) and with the review done by (Sandifer et al. 2015), which identified the 

preference for a wildlife-rich greenspace and its wellbeing benefits: improved mood and 

happiness. 

The least popular reasons to visit greenspace were playgrounds, sports facilities and 

picnic areas. We think that the demographics of our sample population in age explain in 

part the low responses for playgrounds and sports facilities, because people in their 60s 

and over (which are predominant in our sample population) are less likely to have 

children at home who are the primary users of playgrounds and to some degree sport 

fields. Indeed, our demographics indicate that 71% of the respondents do not have 

children at home. However, the low use of playgrounds has been documented in other 

studies (Barton et al. 2003; Mahdjoubi 2014).  

Factor analysis allowed us to identify two groups of people visiting greenspace in terms 

of their reasons, which we called “urban” and “nature”. The urban group visits 

greenspace because it is well-maintained, it provides parking, safety, restrooms, it is 

clean, and it has enough people. The nature group visits greenspace because of the 

wildlife, the dirt trails, the water bodies, and trees. These results highlight the 

importance of considering the types of amenities and characteristics sought by these two 

groups of people in the design of greenspace. Amenities have been identified as 

important for the use of greenspace (Gidlow et al. 2012). 
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This study found wellbeing benefits of the increased use of greenspace particularly 

physical and social health. Also, the use of greenspace was related to overall wellbeing 

(physical, mental and social health). However, mental health was not related to the 

frequency of use of greenspace. A possible reason for this lack of significant result is 

that mental health benefits may not vary with the frequency of use of greenspace. It is 

possible that visiting greenspace once a month, or just looking at nature from a window 

is enough to get mental health benefits (Sandifer et al. 2015; Sternberg 2009). We also 

found that walking to greenspace was significantly related to physical health. This is an 

important wellbeing synergy because people who walk to greenspace are doing exercise 

to reach greenspace, where they will likely do more exercise.  

We looked for a potential correlation between method of transportation and frequency of 

use of greenspace and we found moderate and significant results for walking. People 

who walk to greenspace are more likely to visit greenspace more frequently. This result 

suggests that there is a wellbeing synergy between walking to greenspace and an 

increased use of greenspace. People walking to reach a greenspace - where they are 

likely to do more physical activity - is a catalyst for health because we found significant 

correlations between walking to greenspace and physical health. These results suggest 

walkable neighborhoods that provide access to greenspace result in healthier societies. 

As expected, we found that people who visit wilderness areas or national parks were 

strongly related to conservation support because contact with nature incites people to 

preserve biodiversity (Bryant 2006; Marris 2011; Tercek and Adams 2013). In urban 
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environments we found that people who visit greenspace more frequently are likely to 

support conservation organizations. In addition, people who live in close proximity to 

greenspace and have easy access (greenspace category) were also significantly related to 

conservation support. Significant but weak results were found for walking to greenspace 

and conservation support. These results support the idea that contact with nature and the 

use of greenspace in urban environments is linked to enhanced conservation support, as 

documented in previous research (Bryant 2006; Marris 2011; Tercek and Adams 2013).  

The park study provided very interesting results. As hypothesized by a general 

visualization of the neighborhood design differences between the two sides of the park, 

we found that the south side is more walkable than the north side, as measured by the 

Walkability Model (Figure E1, Table E1) and the more walkable side (south side) is 

significantly related to a higher frequency of use. This means that people who responded 

to the survey on the more walkable side of the park (south) visit greenspace more 

frequently than those surveyed on the less walkable side (north). Also, most of the south 

side respondents (more walkable) reported walking to greenspace, whereas most of the 

north side respondents (less walkable) reported driving to greenspace. This result 

supports our previous finding that neighborhood design affects the method of 

transportation used to reach greenspace. Finally, we wanted to understand if the level of 

walkability, examined by comparing the two levels of walkability (or sides of the park), 

affects whether people visit the closest greenspace to their homes. There may be a 

greenspace in close proximity to their homes and yet people may choose to visit another 

greenspace. We tested whether the walkability of the neighborhood (side of the park) 
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affects visiting the nearest greenspace and found significant but weak results, showing 

that people who visit the more walkable side (south) are more likely to visit the closest 

greenspace. 

An important caveat to consider for the park study is that we surveyed people in the 

park, but we do not know if they live in the corresponding side of the park or if they 

come from a more distant neighborhood, or even the opposite side of the park. However, 

because we asked about method of transportation used to reach greenspace that includes 

walking, we hypothesize that respondents who reported to walk likely live within half a 

mile (0.8km) from the park because this is the limit of a comfortable walking distance 

for most people (Barton et al. 2003; Jacobs and Holway 2004). 

Other caveats in this study include our demographics (towards older, highly educated 

and with a high income) and the fact that we did not include the walkability category of 

parking because in the study area there is wide availability of parking. In addition, this 

study provides correlational evidence but does not demonstrate causality. More research 

that identifies causalities of the wellbeing benefits of the use of greenspace is 

recommended.  

E6: CONCLUSION 

The purpose of this study was to look for wellbeing and conservation synergies between 

walkable neighborhood and the enhanced use of greenspace. We found important 

synergies between the increased use of greenspace and conservation support, and 
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between having access to greenspace and conservation support. We also found that 

people who walk to greenspace are likely to support conservation. Walkable 

neighborhoods that provide access to greenspace have the potential to increase the 

support that people show towards conservation organizations.  Because most people in 

the world now live in cities (UN DESA 2014), and because urbanization has reduced 

contact with nature (Hartig et al. 2014), the future of biodiversity may depend on 

providing proximity and access to greenspace in walkable neighborhoods.  

In terms of wellbeing synergies between walkable neighborhoods and the enhanced use 

of greenspace, we found that people who live in walkable neighborhoods are more likely 

to walk to a greenspace. People who walk to a greenspace are more likely to visit 

greenspace more frequently. And people who walk to greenspace are likely to be 

physically healthier. Finally, people who visit greenspace more frequently are likely to 

be physically and socially healthier. This means that there is a wellbeing synergy 

between walkable neighborhoods with access to greenspace. These results have 

important implications for public health. The design of walkable neighborhoods with 

access to greenspace should be placed as a public health goal. 

We conclude that walkable neighborhoods that provide access to greenspace may lead to 

healthier communities and an increase support for the conservation of biodiversity. 
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