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CHAPTER 1- INTRODUCTION  

1.1 Introduction 

“… if a city’s streets are safe from barbarism and fear, the city is thereby 

tolerably safe from barbarism and fear.  When people say that a city, or a 

part of it, is dangerous or is a jungle what they mean primarily is that they 

do not feel safe on the sidewalks.”  (Jacobs 1961, 30) 

 

In “A Resident’s Guide for Creating Safe and Walkable Communities”, a report 

published and sponsored by the Federal Highway Administration (FHWA) Office 

of Safety, common questions asked by residents regarding suggested engineering 

solutions to improve pedestrian safety are listed.  One question posed regards 

whether sidewalks increase crime.  The answer given within the document states, 

“more pedestrian activity usually reduces street crime by providing more ‘eyes on 

the street.’” (Federal Highway Administration 2008, 53).   

 

Transportation advocates often state this answer, which broadly links criminal 

activity to an engineered facility, when asked to defend the installation, 

construction, and funding of transportation networks such sidewalks or roads 

(Curtis 2003; Manion 2002; National Complete Streets Coalition 2011).  Yet, the 

perception of higher crime risk associating with greater access provided by 

engineered transportation networks exist and affect modal choices of residents 
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and investment decisions in infrastructure (Weathersbee 1998; Pedestrian and 

Bicycle Information Center n.d.; Federal Highway Administration 2004, 3). 

1.2 Research Questions and Objectives 

The objective of this thesis is to explore the relationship between crime and 

connectivity, as well as the effect of presence of engineered facilities meant to 

improve walkability on crime rates.  To answer these questions, the author 

reviewed relevant literature and presented an original research utilizing 

geographic information system (GIS) models and applying three methods of 

statistical analysis.       

 

This thesis attempts to answer the following questions: 

 Does connectivity of the roadway network, which provides the 

transportation infrastructure for automotive and transit modes, affect crime 

rate? 

 Does the level of connectivity of infrastructure dedicated to nonmotorized 

modes of travel (i.e. sidewalks and bicycle facilities) affect crime rate? 

 Does the presence of other engineering measures, such as sidewalk 

buffers, curb ramps, curb extensions, traffic signals, on-street parking, 

street closures, crossing islands, and raised medians, affect crime rate? 

 

The original research presented in this paper is a case study applying connectivity 

measures to 25 randomly chosen sites within the city of Spokane, Washington.  A 
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statistical analysis quantified the relationship between five specific connectivity 

measures and crime rates.  The author utilized three years of crime data (spanning 

between January 1, 2008, and January 1, 2011) obtained from the City of Spokane 

GIS department and Spokane City Police Department (SPD).  The output 

generated will add to literature regarding the effect of the transportation network 

to crime choice location.  As a means to validate the results for the regression 

analysis looking at the relationship between connectivity and crime, the author 

also applied Welch’s two-sample t-test.   

 

Using the raw dataset, the author utilized a permutation test to analyze the 

relationship between crimes and “walkable” features within the 25 study sites.  

The results provided patterns for future research.    

1.3 Document Organization 

This paper contains six major sections:  a literature review, an overview of 

Spokane and the study sites, a discussion on data reduction and GIS model 

generation, a description of the statistical analyses utilized for the research, an in 

depth discussion of the results, and a conclusion of the applicability of the 

research findings and suggestions for further research.   

 

The literature review defines crime and the factors that affect its spatial 

distribution within an urban area.  This section also defines ‘connectivity’ and the 

measures utilized in this research.  A discussion on walkability and different types 
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of pedestrian facilities that improve traveler experience is also included in this 

section. 

 

The next chapter gives an overview of the social, economic, criminal, and 

infrastructure conditions within the city of Spokane.  Also included within this 

chapter is a detailed description of the study sites.   

 

The data reduction chapter describes the data sources utilized to build the GIS 

models of the study sites.  The author includes any assumptions about the data or 

specific assignments utilized as graphical representations of conditions within the 

study sites. 

  

Following the section on data reduction, the author includes a detailed description 

of the statistical methods utilized to analyze a relationship between crime rate and 

connectivity and facilities encouraging increased walkability in the study sites.  

The author justifies the variable and model selection within this section.   

 

The next chapter discusses the results of the statistical analysis in detail.  Also 

included in this section is a scope of inference underlying the application of the 

results beyond the specified the study sites.   
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Lastly, the author includes a discussion of the applicability of the results to 

existing research.  A list of proposed research opportunities based off work 

included in this thesis is also included in this section.       
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  CHAPTER 2- LITERATURE REVIEW 

2.1 Introduction 

The literature review begins by defining crime and reviewing theories that relate 

spatial location to actual crime rates within urban areas.  Included within this 

discussion is a listing of social, and environmental factors identified as affecting 

criminal choice and victimization location.     

 

The next section defines access in terms of this research and the relevance of 

connectivity to providing access via different modes of transportation within 

urban areas.  Also included within this section is a description of measures of 

connectivity widely used within the fields of transportation, urban planning, 

mathematics, and geography.  A detailed discussion on graph theory and 

traditional planning methods measuring connectivity, such as block, intersection, 

and network density, is included.  

 

Lastly, the author discusses the concept of walkability through existing audit 

tools.  This section provides a list of pedestrian facilities considered to improve 

walkability within an area.  Also included are illustrations of common pedestrian 

facilities.   
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2.2  Defining Crime 

2.2.1 Operationalizing Terms- Crime 

The Oxford American Dictionary defines crime as “an act or omission 

constituting an offence (usually a grave one) against an individual or the state and 

punishable by law.”  The number of actions that fall within this category is 

numerous.  To organize offenses and categorize the vast field of criminal activity 

defined within the United States, this thesis considers the definitions and 

categories put forward by two standardized crime reports:  the Uniform Crime 

Report (UCR) and the National Incident-Based Reporting System (NIBRS). 

 

The UCR, first established by the Federal Bureau of Investigation (FBI) in the 

1920s, was the first standardized report surveying crime incidences within the 

United States (U.S. Congress 2008, 2).  According to the UCR Handbook, a 

partnership between local, state, federal, and tribal law enforcement agencies 

involves the report of monthly aggregate counts to crime records facilities located 

within each state.  The FBI receives this data from these facilities.  In turn, the 

FBI compiles the state-based data, distributes the data to associated parties, and 

generates reports regarding the data (Federal Bureau of Investigation 2004, 1).    

 

The UCR Handbook defines two categories of crimes:  Part I and Part II Offenses.  

There are eight major crimes listed as Part I offenses within the UCR:  criminal 

homicide, forcible rape, robbery, aggravated assault, burglary, larceny-theft, 
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motor vehicle theft, and arson.  The UCR lists these crimes according to 

hierarchy.  Two major groups envelop these specific crimes:  violent and 

property-based.  The first four crimes (criminal homicide, forcible rape, robbery, 

and aggravated assault) are “violent” crimes.  The last four crimes (burglary, 

larceny-theft, motor vehicle theft, and arson) are “property” crimes (Federal 

Bureau of Investigation 2004, 10).   

 

There are twenty-one major crimes listed as Part II offenses within the UCR, 

which include crimes such as forgery and counterfeiting, drug offenses, 

prostitution, and vandalism (Federal Bureau of Investigation 2004, 8).  These 

offenses comprise all classifications of crimes that do not fall within Part I.   

 

The NIBRS, first developed in the 1970s, served as an updated version of the 

UCR.  Instead of aggregated count data of crimes, the NIBRS attains detailed data 

on individual crime incidents as well as aggregate counts (U.S. Congress 2008, 

11-17).   

 

The categorization of offenses within this reporting system is slightly different 

from the system utilized by the UCR.  Two groups of offenses exist within the 

NIBRS:  Group A and Group B offenses (U.S. Congress 2008, Appendix F).  The 

level of reporting required differentiates these two groups:  Group “A” offenses 

require reporting both incidents (i.e. detailed data) and arrests (i.e. aggregate 
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count data), and Group “B” offenses only require reports on arrests (Federal 

Bureau of Investigation 2000, 21).  Also, unlike the UCR, no hierarchy exists 

among the offenses listed in the NIBRS.  However, each crime is further placed 

under one of three scoring categories:  Crimes Against Persons, Crimes Against 

Property, and Crimes Against Society (Federal Bureau of Investigation 2000, 13).         

 

Group A offenses within the NIBRS include crimes such as arson, assault, 

bribery, burglary/breaking and entering, counterfeiting and forgery, 

destruction/damage/vandalism of property, offenses regarding drugs and 

narcotics, embezzlement, gambling offenses, homicide offenses, kidnapping and 

abduction, larceny and theft, motor vehicle theft, prostitution, robbery, forcible 

sex offenses, stolen property offenses, and weapons law violations (U.S. Congress 

2008, 53-54).   

 

Group B offenses within the NIBRS include bad checks, 

curfew/loitering/vagrancy violations, disorderly conduct, driving under the 

influence, drunkenness, nonviolent family offenses, liquor law violations, Peeping 

Tom offenses, runaways, trespass of real property, and all other offenses (U.S. 

Congress 2008, 53).   
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Table 2.1 Crime Types and Definitions Utilized in Author’s Research 

Category 
General 

Offense 
Definition

1 UCR 

PART 

NIBRS 

GROUP 

Violent 

Crime 

Murder 
"The willful (nonnegligent) killing 

of one human being by another" 
I A 

Robbery 

"The taking or attempting to take 

anything of value from the care, 

custody, or control of a person or 

persons by force or threat of force or 

violence and/or by putting the 

victim in fear." 

I A 

Assault 
"An unlawful attack by one person 

upon another." 
I A 

Property 

Crime 

Burglary 
"The unlawful entry of a structure to 

commit a felony or a theft." 
I A 

Theft 

"The unlawful taking, carrying, 

leading, or riding away of property 

from the possession or constructive 

possession over another" 

I A 

Vehicle 

Theft 

"The theft or attempted theft of a 

motor vehicle." 
I A 

Vehicle 

Prowling 

Not specifically defined in UCR
2 

not 

listed 
B 

Arson 

"Any willful or malicious burning or 

attempt to burn with or without 

intent to defraud, a dwelling, house, 

public building, motor vehicle or 

aircraft, person property or another, 

etc." 

I A 

Malicious 

Mischief 

"Destruction-damage/vandalism of 

property"
3 

not 

listed 
A 

Source: (Federal Bureau of Investigation 2004; Federal Bureau of Investigation 

2000) 
1 

Definition obtained directly from UCR Handbook unless specified. 
2 

Vehicle prowling not specifically listed in the UCR, and only “prowling” was 

included in the NIBRS Data Collection Guidelines. 
3 

Definition obtained from NIBRS Data Collection Guidelines.   

 

Taking the grouping employed by the two reports into consideration, the area in 

which similarities obviously occurs is the categorization based upon whether the 



11 

 

crime directly affected a person (a violent crime), those affecting property, and 

those affecting the public in general.   

 

The differences in actual definition of specific crimes provided within the UCR 

and NIBRS are minimal.  The author only considered three groups for analysis:  

all crimes reported in Spokane during the stated study period, violent crimes, and 

property crimes.  The “all crime” group included drug crimes.  A list of crimes 

included in the violent and property crime categories is available in Table 2.1.   

2.2.2 Factors identified as Affecting Crime Rates 

Cullen and Agnew note fourteen distinctive theoretical approaches presented in 

contemporary criminology.  These schools of thought and associated theories 

include:  (I) Classical and Positivist; (II) Individual Trait; (III) Social 

Disorganization and Chicago School; (IV) Differential Association and Social 

Learning; (V) Anomie, Institutional-Anomie, Strain, and General Strain; (VI) 

Control; (VII) Labeling and Shaming; (VIII) Critical and Peacemaking; (IX) 

Feminist; (X) Deterrence and Rational Choice; (XI) Environmental and Routine 

Activity; (XII) Conservative; (XIII) Developmental and Life Course; and (XIV) 

Integrated. (Cullen and Agnew 2006, 5-8).     

 

Several of these theories examine whether social factors, such as community 

organization, poverty, inequality, or morality, cause crime.  Other theories 

examine whether factors of self-reflection, such as psychological traits, inability 
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to achieve personal goals, labels placed by society, or personal development of an 

individual, cause criminal activities.  Others examine the relationship between 

crime and opportunity. 

 

The “Crime in the United States” website lists several factors previously 

researched and confirmed as affecting volume and types of crime.  This list 

includes population density, youth concentration, commuting patterns of 

residents, modes of transportation available and utilized, the climate, economic 

conditions, and other social, cultural, and policing factors.  Some of these factors 

served as control variables within the author’s research.     

 

The National Crime Victimization Survey (NCVS), an annual survey conducted 

through the Bureau of Justice Statistics, notes general patterns of victimization 

across the United States (U.S. Department of Justice 2010, 1).  The survey 

supplies general statistics according to demographic (e.g. age, sex, race, ethnicity, 

marital status, income, and educational level) of victims and criminal offenders.  

It also notes the nature of the crimes committed (e.g. weapons utilized in crimes, 

injuries sustained during criminal acts, the time and location of the crime, and the 

economic costs associated with criminal activity) (U.S. Department of Justice 

2010, 13-14). 
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The 2008, 2009, and 2010 NCVS Bulletin note several patterns relating 

victimization and individual characteristics.  Jennifer Truman, the author of the 

2010 and 2009 NCVS Bulletin, noted that the historic pattern between sexes 

showed that victimization (particularly in violent crimes such as robberies and 

aggravated assault) was at a higher rate for males than females (U.S. Department 

of Justice 2010, 4).  Truman also noted that females showed higher rates of sexual 

assault than males (2010, 4).  However, in 2010, the rates of victimization 

between men and women converged for the first time since the application of the 

NCVS (U.S. Department of Justice 2010, 11).    

 

A study exploring Gottfredson and Hrischi’s “general theory” of crime found that 

gender as a factor was insignificant with the introduction of another variable:  

self-control.   The study utilized self-reporting surveys that assessed respondents’ 

social bonds, self-control, and demographic information.  The authors of this 

article note that there existed a difference in rates of reporting crime between 

genders, and that “gender remains significantly related with adult offending” 

(Alarid et. al 1998, 133).   

 

In many other studies looking at patterns of crime, it is common to see gender as 

one of the explanatory or control variables in the analysis.  These studies, and 

those attempting to explain the difference in rates of crime and victimization 
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between males and females, acknowledge that there exists a relationship between 

gender and criminal offenses.    

 

The population density of an area also affects crime: urban areas have higher 

victimization rates than suburban and rural households (Brown, Esbensen, and 

Geis 2010).  The “Crime in the United States” website categorizes crime trends by 

population group.  In these tables, a noticeable relationship exists between the 

population and the crime rate within that area.  An early comprehensive statistical 

analysis by Watts (1931, 20) showed an association between population density 

and crime.   

 

Another notable individual characteristic that affects crime is age.  According to 

the 2008, 2009, and 2010 NCVS Bulletin reports by the Bureau of Justice, higher 

rates of victimization occurred for individuals 25 years old or younger (U.S. 

Department of Justice 2009, 4; 2010, 4; 2011, 12).  Brown, Esbensen, and Geis 

(2010) noted, “Next to gender, age is the personal characteristic that appears to be 

the best predictor of involvement in criminal activity.”  Many studies within 

criminology show that a curvilinear association exists between age and crime 

(Brame and Piquero 2003, 107; Sampson and Laub 2003, 585).  

 

Income also affects crime rates.  Jeff Grogger’s analysis of market wages and 

youth criminal behavior during the 1970s and 1980s indicated a correlation 
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between income and crime rates (1998, 787).  The NCVS notes that in the three-

year study period, lower income households experienced greater rates of crime, 

particularly those categorized as property crimes (U.S. Department of Justice 

2010, 12).   

 

Yet, another group of variables thought to affect crime is the built environment.  

In one study, researchers studied the relationship between physical attributes of 

residences such as its location and appearance, and found that it appeared to affect 

the likelihood of burglary (Hakim, Rengert, and Shachmurove 2001, 127-134).  In 

the often cited, “The Death and Life of Great American Cities,” Jane Jacobs 

asserts that functions of natural guardianship such as use of public space, the 

diversity of land use, and higher level of pedestrian use within an area made cities 

safer (1961, 35).        

 

Several studies note that spatial location of crime heavily depends on local 

factors.  Tita, Cohen, and Engberg’s study, which utilized a logit model to 

estimate to the location of criminal activity of violent youth gangs, found that the 

major factors determining local set space of such gangs depended largely upon the 

intersect of absence of guardians and other local features (2005, 295).  Lu and 

Chen, while exploring the journey of vehicle thieves before and after the criminal 

act, noted that such travel behavior is “local in nature” (2006, 621-627). 
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Past research indicated that social, economic, demographic, and built environment 

factors affect the location of crime within an urban space.  Researchers commonly 

examine other social and individual characteristics that affect criminality and 

victimization.  Due to competing results in research journals, the author 

concluded that race, ethnicity, and social class will not be included in the model.  

The variables discussed in this literature review served as the controls within the 

statistical model examining the relationship between crime and connectivity.       

2.3 Defining Connectivity 

Access, as defined within the Encarta Dictionary, is a “means of entering or 

approaching a place” and an “opportunity or right to experience of make use of 

something.”  The definition provided for ‘connect’ notes that it is a “transitive and 

intransitive verb to join two or more people, things or parts.”   

 

Connectivity, within the transportation and geography fields, refers to the degree 

of connection provided by the available transportation networks via links to 

specified nodes (Taafe and Gauthier 1974, 101; Robinson and Bamford 1978, 74).  

The author examined methodologies presented in planning, ecology, mathematics, 

geography, and transportation that measure connectivity.  Of these measures, the 

author chose five specific methods to examine the relationship between 

connectivity and crime. 
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Traditional planning literature presented ways to determine the level of 

connectivity within an area.  Physical properties of blocks, such as its length, size, 

and density within an area, presented ways to determine the degree of 

connectivity in an area (Dill 2004).  For example, in the Twin Cities walking 

study, block size (represented by the land area composed by each block) served as 

a means to measure connectivity (Oakes, Forsyth, and Schmitz 2007). 

 

Other methods examine the infrastructure provided for transportation within the 

area.  Such measures include intersection and street density, connected node ratio, 

link-node ratio, and pedestrian route directness (Dill 2004).  Berrigan, Pickle, and 

Dill (2010, 3-4) described some of these variables in their study examining the 

relationship between connectivity and activity transportation.    

 

Berrigan, Pickle, and Dill describe intersection density as the total number of 

intersections and cul-de-sacs divided by an enclosing area.  Street network 

density, as defined within Berrigan, Pickle, and Dill’s paper, is the sum of lengths 

of links (street or sidewalk) divided by the enclosing area (2010, 3).  For both of 

these variables, it is assumed that the higher the density, the higher the measure of 

connectivity.   

 

Dill (2004) described the premise of connected node ratio (CNR) as the number 

of street intersections divided by the total number of intersections and cul-de-sacs 
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within a specified area.  The closer this ratio is to ‘1’, the higher the connectivity 

within an area.   

 

Marshall and Garrick (2011, 772) utilized the link-node ratio in their analysis of 

street network design and non-motorized travel.  This ratio is the number of 

pathways (e.g. streets or sidewalks) divided by the number of nodes (e.g. 

intersections, houses).  Dill (2004) noted that the perfect grid has a link-node ratio 

of 2.5. 

 

Randall and Baetz utilized the Pedestrian Route Directness (PRD) measure in 

their study regarding pedestrian connectivity in suburban areas.  They described 

PRD as the ratio between the actual route distance divided by the straight-line 

distance between two points (2001, 3).  Ratios closer to ‘1’ are indicative of more 

direct routes.   

 

Yet another means of measuring connectivity is utilizing concepts within graph 

theory.  This theory, which is presented not only in transportation but also in other 

fields measuring the relationship between links and nodes of different types, looks 

at the street network as a graph with points and connecting lines.  Taafe and 

Gauthier (1974, 101-105) defined the measurement of the degree and complexity 

of a network by looking at the number of nodes, links, paths, and cycles within a 

graph. 
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In graph theory, streets, sidewalks, and other dedicated routes are links.  Nodes 

are locations where links either intersect or end, such as intersections or street 

corners.  Paths are the sequence of nodes and links directing from a starting point 

to an end point.  Robinson and Bamford (1978, 75) note that in a closed and fully 

connected network this number is ‘1’. 

 

It follows that the cyclomatic number, which represents the number of complete 

cycles of differing paths starting from a specific point and ending at a specific 

point, is: 

                                    

A tree, which is a graph with only one path, attains a cyclomatic number of ‘0’ 

(Robinson and Bamford 1978, 75).  More complex and connected graphs attain 

positive values, and a negative cyclomatic number is indicative of a non-complete 

network.   

 

In measuring the level of connectivity of the transportation network within graph 

theory, Robinson and Bamford define three specific indices:  the gamma index, 

beta index, and alpha index (1978, 74-76).  The beta index (β) represents a simple 

relationship between links and nodes: 
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The range of values for this number is from ‘0’ (a completely unconnected 

network) and above.  A value of ‘0’ represents a graph without any links.  A value 

of ‘1’ represents a simple network with a single cycle.  A beta index of greater 

than ‘1’ represents a more complex system. 

 

The alpha index (α) represents the ratio between the number of actual cycles 

within a graph in comparison to the maximum possible number of cycles within a 

graph: 

  
                 

         
 

This value falls within the range of ‘0’ to ‘1’ for connected graphs.  Higher values 

indicate a greater degree of connectivity within the system.   

 

Lastly, the gamma index (γ) measures the ratio between the actual links provided 

within a graph to the total links possible within a graph:   

  
     

          
 

A completely connected network attains a value of ‘1.’   

 

To utilize these indices as measures of connectivity, several classifications must 

be met (Garrison and Marble 1970, 60-63).  The graph must be planar; in that, it 

lies on one plane and no two links share a vertex (an x or y-value) that is not a 

node.  This assumptions works well with transportation systems due to the street 
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and sidewalk layouts presented within the real world.  Another assumption is that 

all links (streets and sidewalks) are considered non-oriented.  This means that the 

direction of travel along links to different nodes is bidirectional.   

 

In this study, the author chose five different measures of connectivity to compare 

to crime rates:  intersection density, street and sidewalk network density, alpha 

index, beta index, and gamma index.  The similar data needs for each measure 

lends well in data reduction, and it provides a means to compare how these 

different connectivity measures compare against one another in the same analysis.   

 

2.4 Walkability and Pedestrian Facilities 

Research indicates that the surrounding environment- both natural and built- 

affect modal choices of individuals (Badoe and Miller 2000, 249).  Walkability 

assesses the intersecting fields of individual perspective and environmental 

factors on the pedestrian experience.  Research within the fields of urban planning 

and transportation developed multiple assessment tools using secondary sources, 

such as the U.S. Census Bureau, or through locally administered surveys 

assessing infrastructural accommodations for pedestrians in an area (Clifton, 

Smith, and Rodriguez 2007, 96).  Most of these measures inherently include 

measures of connectivity of pedestrian facilities, mostly through 

acknowledgement of missing sidewalks (Brownson 2009; Clifton, Smith, and 
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Rodriguez 2007; Day, Boarnet, and Alfonso 2005; Pikora, Giles-Corti, Bull n.d.; 

Federal Highway Administration 2004). 

 

An example of one of these measures, the Walkability Checklist, determines 

walkability via individual ratings of five basic pedestrian experiences:  

availability of infrastructure, crossing options, driver behavior, adherence to 

safety rules, and satisfaction of the walking experience (Partnership for a 

Walkable America 2001).  This checklist notes specific engineered infrastructure 

that may affect an individual’s rating such as incomplete sidewalks, insufficient 

sight distance at intersections and crossings, missing curb ramps, presence of 

traffic calming measures, and inadequate signal timing.   

 

Other measurement tools utilize similar assessment criteria.  Clifton, Smith, and 

Rodriguez (2007, 97) created a table comparing the factors considered by 

different walkability audits.  Table 2.2 indicates the audit tools mentioned in 

Clifton, Smith, and Rodriguez’s article. 

 

These audit tools take into account engineered pedestrian facilities along walking 

paths.  For example the PEDS audit instrument notes ‘road attributes’ such as 

availability of on-street parking, traffic control devices present such as signals and 

signs, traffic calming devices such as traffic circles and speed bumps, and 
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crossing aids such as curb extensions and traffic islands (Clifton, Smith, and 

Rodriguez 2007, 98). 

 

Table 2.2 Walkability Audits and Origins 

Audit Name Origin 

WSAF 
Walking Suitability 

Assessment Form 

University of North Carolina, 

Chapel Hill 

WPS Walkable Places Survey Baltimore Metropolitan Council 

SLU 

(PRC-

HAN) 

Analytic Audit Tool Saint Louis University 

SPACES 

Systematic Pedestrian and 

Cycling Environmental 

Scan 

The University of Western 

Australia 

I-M Irvine-Minnesota Inventory 
University of California, Irvine 

and University of Minnesota 

PBIC PBIC Checklist 
Partnership for Walkable 

America 

PEDS 
Pedestrian Environment 

Data Scan 

University of Maryland, College 

Park 

Source:  “Table 1:  Audit Comparison Chart” (Clifton, Smith, and Rodriguez 

2007, 97) and original audit tools.     

  

Table 2.3 compares four of these audit tools in terms of its inclusion of specific 

facility types defined within the PEDSAFE manual.  Figures 2.1 and 2.2 provide 

illustration of several pedestrian, bicycle, and road facilities listed in Table 2.3.  A 

comparison of these audit tools shows that certain pedestrian facilities are widely 

accepted as having positive effect on pedestrian experience.   
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The increase of pedestrian level of comfort and sense of safety ties into presence 

of certain infrastructure designs.  The transferability of this increase in user 

satisfaction to decrease in crime, however, is not directly measured beyond 

common assumption.  As Jacobs noted, “A well-used city street is apt to be a safe 

street.  A deserted city street is apt to be unsafe.  But how does this work, really?” 

(Jacobs 1961, 35).    

 

 

Figure 2.1  Examples of pedestrian facilities. 

A) Intersection with traffic signals, pedestrian signals, marked 

crosswalk, curb ramp, and neighborhood identity features 

(Spokane, WA).; B)An example of a pedestrian overpass 

(Spokane, WA); C) An example of a sidewalk with tree-lined 

buffer (Spokane, WA);  D) ADA curb ramps (Corvallis, OR).  All 

pictures taken by author.   
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Table 2.3 Comparison of Walkability Audit Tools 

PEDSAFE Design Features:   PEDS SPACES I-M PRC-HAN 

Pedestrian 

Facility 

Design 

Sidewalk X X X x 

Sidewalk w/ 4-ft Buffer X 

 

X x 

Curb Ramps X X X x 

Marked Crosswalks X X X x 

Transit Stop Treatments X     x 

Lighting Improvements X X   x 

Pedestrian Overpass X X   x 

Walking Environment X   X x 

Roadway 

Design 

Bicycle Lanes X   X x 

Roadway Narrowing         

Lane Reduction   X     

Driveway Improvements     X   

Raised Median X   X   

One-Way Street Conversions     X   

Intersection 

Design 

Roundabout   X X   

Modified T-Intersection         

Intersection Median Barrier         

Traffic 

Calming 

Curb Extensions X X X x 

Chokers X X   x 

Crossing Islands X X   x 

Chicanes X X   x 

Mini-Circles X X X x 

Speed Humps X X X x 

Speed Tables X X X x 

Raised Intersection     X x 

Raised Pedestrian Crossing     X x 

Gateways     X x 

Landscaping X X X x 

Pavement Treatments X X X x 

Traffic 

Mgmt. 

Diverters         

Street Closure         

Pedestrian Street/Malls X   X   

Signals and 

Signs 

Traffic Signals X X X   

Pedestrian Signals X   X   

Signing X X X x 

Other 

Measures 

Neighborhood Identity     X   

On-Street Parking X   X x 

Source:  (Brownson 2009; Clifton, Smith, and Rodriguez 2007; Day, Boarnet, and 

Alfonso 2005; Pikora, Giles-Corti, Bull n.d.; Federal Highway Administration 

2004). 
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Figure 2.2 Examples of roadway and pedestrian facilities 

E) An example of a traffic circle (Corvallis, OR); F) An example  

of a curb extension paired with partial street closure (Corvallis, 

OR); G)  An example of a speed hump (Corvallis, OR); H) An 

example of transit stop treatments, on-street parking, and curb 

extension.  All pictures taken by author.   

 

2.5  Conclusion   

The factors affecting crime are numerous.  This literature review identified 

several socio-economic variables that may affect crime and victimization location 

noted in past research and criminology theory.  It also provided a definition of 

connectivity and measurements associated with this characteristic of the 

transportation network.  Lastly, the author presented designs associated with 
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walkability.  Discovering the connection between these three seemingly separated 

topics is the premise behind the research presented in this paper.   
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CHAPTER 3- STUDY AREA 

3.1  Introduction 

This section serves several purposes.  Identified are major sources of information 

utilized within this section.  Also provided is background information regarding 

the socio-economic demographics, crime rates and history of crime, land use and 

zoning proportions, and transportation networks within and around the city of 

Spokane.  The last section identifies the 25 specific sites chosen for this study and 

discusses attributes associated with those sites. 

 

3.2   Data Sources 

The wealth, availability, and ease of access of social, demographic, economic, 

criminal, zoning, and transportation data was a major reason the city of Spokane 

served as the study area for this research.  Multiple open source documents 

provided by several government and private entities readily exist online.  Table 

3.1 identifies the major sources of information utilized within this section. 

 

The Community Indicators Initiatives of Spokane website provided a 

comprehensive data source for population, cultural, economic, education, health, 

transportation, and other relevant information.  The website not only provided 

graphs of data from sources like the U.S. Census Bureau, but it also provided a 

means to download the raw data for more detailed analysis.   
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Table 3.1 Data Sources for Chapter 3 

Category Data Source 

Publication 

Date (if 

applicable) 

General 

Information 

City of Spokane; Community Indicators 

Initiatives of Spokane Website 
  

Socio-

Economic 

Demographics 

U.S. Census Bureau; State and County 

QuickFacts 

(Online) Last 

Revised 

January 2012 

U.S. Census Bureau; 2010 Census  
 

U.S. Census Bureau; American Community 

Survey 
  

U.S. Bureau of Labor Statistics (BLS)   

Criminal 

Activity 

U.S. Bureau of Justice Statistics (BJS); 

"Criminal Victimization and Perceptions of 

Community Safety in 12 Cities, 1998" 

May-99 

Washington State Association of Sheriffs and 

Police Chiefs 
  

U.S. Department of Justice   

Transportation 

Network 

Spokane Regional Transportation Council 

(SRTC); The Transportation Vision Project:  

Existing Conditions and TrendsAnalysis 

Sep-10 

SRTC;  Spokane Regional Bike Plan May-08 

City of Spokane; Comprehensive Plan Apr-11 

Federal Highway Administration (FHWA); 

Nonmotorized Transportation Pilot Program 

Evaluation Study (NMTPP) 

Feb-07 

City of Spokane; Growth and Transportation 

Efficiency Center Plan 
Feb-08 

SRTC and Spokane Transit Authority (STA); 

Spokane County Coordinated Public Transit-

Human Services Transportation Plan 

Amended 

January 2011 

Spokane Regional Pedestrian Plan; Pedestrian 

Plan Survey 1 Results (survey completed in 

2008); 

Dec-09 

Pedestrian Plan Survey 2 Results   

SRTC; Spokane Metropolitan Planning Area 

2011-2035, Metropolitan Transportation Plan 
Jan-12 

SRTC; Travel Forecasting Documentation Oct-11 
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The Non-motorized Transportation Pilot Program (NMTPP) (funded by the 

FHWA) utilized the city of Spokane as the control community.  Because of this 

status, surveys conducted within the city provided another source of information 

regarding modal choices, trip lengths, and other measures of travel within the city, 

particularly for non-motorized travel patterns (Krizek et al. 2007, 16-28).  The 

data referenced within this thesis is from the draft interim report titled 

“Nonmotorized Transportation Pilot Program Evaluation Study.” 

 

In preparation of the Spokane Regional Pedestrian Plan (SRPP), SRTC distributed 

several surveys measuring community perspective on why residents chose to 

walk, what barriers within the community that stopped individuals from walking, 

the endpoints of individuals’ walk-based trips, and when residents chose to walk 

(Spokane Regional Pedestrian Plan Survey Results 1 2008).  The SRTC website 

provided two separate unpublished documents showing the results of the surveys 

in detail.  According to these documents, 1090 residents from Spokane County 

responded to the first electronically distributed survey, and 1212 individuals 

responded to the second survey.             

3.3 The City of Spokane, Washington 

The city of Spokane, located approximately 271 miles east of Seattle and 20 miles 

west of the Idaho border, serves as the Inland Northwest’s largest city.  According 

to the U.S. Census Bureau State and County QuickFacts website, the city, which 
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is located within Spokane County, consists of 59.25 square miles of industrial, 

commercial, residential, service and office, medical, and retail-zoned areas.  

Twenty-seven neighborhoods are located within city boundaries.   

 
Figure 3.1 Location of Spokane relative to other northwest cities.  Source:   

East Central Neighborhood Plan 2006.   
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Figure 3.2 Spokane city limits with neighborhood outlines.   

 

3.3.1 Socio-economic Demographics 

Spokane is the second most populous city within the state of Washington, with 

208,916 individuals living within city boundaries as noted on the U.S. Census 

Bureau website.  Total number of housing units within the city numbered 94,291 

during the 2010 Census.  Of these units, 87,271 were listed as ‘occupied’ units 

(50,232 were owner-occupied and 37,039 were renter-occupied), and 11,470 units 

were listed as either vacant, for rent, or for sale.  

 

Of the 208,916 individuals counted in the 2010 Census, approximately 87 percent 

of the population within the city limits self-identified as “White” (i.e. not African-
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American, Asian, American Indian/Native American, Native Hawaiian/Pacific 

Islander, of two or more races, or some other race).  Approximately 5 percent of 

the city population self-identified themselves as coming from Hispanic or Latino 

origin according to the U.S. Census Bureau interactive website.      

 

Per the U.S. Census Bureau interactive website, females (making up 

approximately 51 percent of the total population) outnumbered males within the 

city.  According to the same source, approximately 22 percent of the city 

population was comprised of individuals under the age of 18 (as of the end of the 

reporting period for the 2010 Census).   

 

Citing American Community Survey data, the Community Indicators Initiatives 

of Spokane website notes that the average household size within the City of 

Spokane was 2.33, 2.29, and 2.30 for the years 2008, 2009, and 2010, 

respectively.    

 

According to the State and County QuickFacts website operated by the U.S. 

Census Bureau, the median household income between 2006 and 2010 for 

residents within the city of Spokane was $40,367.  Between the same time span, 

18.7 percent of the residents in Spokane fell below the poverty level.    
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According to the Bureau of Labor Statistics website, the unemployment rate in the 

Spokane Metropolitan Statistical Area, which includes not only the city of 

Spokane but also the entirety of Spokane County, ranged between a low of 4.8 

percent in April of 2008 to a high of 11.9 percent in February of 2010.  The 

annual unemployment rate was 5.1 percent, 9.2 percent, and 9.9 percent for 2008, 

2009, and 2010, respectively.     

 

SRTC’s final report on the existing conditions and trends within the region noted 

that between December 2007 and June 2009, an eighteen-month recession within 

the city occurred (2010).     

3.3.2 Criminal Activity 

Citing the Washington State Association of Sheriffs and Police Chiefs and the 

U.S. Department of Justice as data sources, the Community Indicators Initiatives 

of Spokane website noted that the city of Spokane had 54.2, 64.4 and 72.9 

property crime rates per 1000 residents for the years 2008, 2009, and 2010, 

respectively.  The property crimes classified for this data included arson, burglary, 

larceny, and motor vehicle theft.  In terms of violent crime (including those 

crimes classified as murder, rape, robbery, and aggravated assault), the city of 

Spokane garnered 6.6, 6.2, and 6.1 crimes per 1000 residents for the same time 

span.   
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Both of the violent and property crimes data defined in the Community Indicators 

Initiatives website were higher compared to comparative rates to the entirety of 

the United States within the same time span.  The data set indicated that the rates 

for violent crime in the United States ranged between 4.59 in 2008 to 4.04 in 

2010, while rates for property crime ranged between 32.1 crimes per 1000 

residents in 2008, to 29.4 crimes per 1000 residents.    

 

Data provided via the SPD and City of Spokane GIS department show slightly 

different values of crime rates than those indicated in the Community Indicators 

website.  This is due to missing data regarding crimes associated with rape and 

larceny.  Table 3.2 below shows crime statistics indicated via the GIS data 

utilized for the project. 

 

In 1998, the Bureau of Justice Statistics conducted a study titled “Criminal 

Victimization and Perceptions of Community Safety in 12 Cities.”  One of the 

cities surveyed for the study was the city of Spokane.  Eight hundred and one 

households (comprised of 1,239 city residents over the age of 11) within the city 

participated in the survey (U.S. Department of Justice 1999, iv-v).    
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Table 3.2  Crimes Committed in Spokane 

 

Crimes Committed Per 

Year 

  

  2008 2009 2010 Average 

Crime/1000 

residents 

Total Crimes 23137 23497 24325 23653.0 113.2 

Murder 8 17 30 18.3 0.1 

Robbery 312 397 466 391.7 1.9 

Assault 3159 3721 4402 3760.7 18.0 

Burglary 2615 2643 2742 2666.7 12.8 

Theft 6060 5815 5947 5940.7 28.4 

Vehicle Prowling 5012 4437 3385 4278.0 20.5 

Arson 8 40 71 39.7 0.2 

Malicious Mischief 3149 3218 3504 3290.3 15.7 

Vehicle Theft 2080 1853 1918 1950.3 9.3 

Drugs 734 1356 1860 1316.7 6.3 

Total Crimes Per UCR Part I Definitions  

Total Violent  3479 4135 4898 4170.7 20.0 

Total Property 10763 10351 10678 10597.3 50.7 

Total Crimes Per Project Definitions 

Total Violent Crimes 3479 4135 4898 4170.7 20.0 

Total Property Crimes 18924 18006 17567 18165.7 87.0 

Note:  UCR Part I Definitions categorize murder, robbery, and assault as “violent” 

offenses.  It also categorizes burglary, theft, arson and vehicle theft as “property” 

offenses.  For Project Definitions refer to Table 2.1 in this document. 

 

In the study, Spokane ranked the third safest city, in terms of perception (U.S. 

Department of Justice 1999, 10).  Other statistic of interest noted that strangers 

committed 54 percent of violent crimes, and that the rates of reporting by victims 

were 31 percent for violent crimes and 38 percent for property crimes (U.S. 

Department of Justice 1999, 6).    
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3.3.3 Transportation Networks 

The transportation network with Spokane is comprised of roadways, transit, 

pedestrian and bicycle facilities, railroads that carry both freight and passenger 

rail, and aviation facilities.  These networks provide movement throughout the 

city using various modes of transportation.   

Roadway Network 

According to the Spokane Metropolitan Transportation Plan (Spokane 2011-2035 

MTP), the number of centerline miles categorized as “urban” under federal 

functional classification is 2,017 miles, while lane miles was 4,406 (Spokane 

Regional Transportation Council Policy Board 2012, 2-1).   

 

 

Figure 3.3 Spokane with Federal Functional Classified roadways 
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Table 3.3 Roadway Miles by Federal Functional Classification 

Urban 

FFC No. FFC Type Centerline Miles Lane Miles 

11 Interstate 28 153 

12 Other Freeways 13 52 

14 Principal Arterial 174 540 

16 Minor Arterial 230 514 

17 Urban Collector 175 353 

19 Local Access 1396 2793 

  Total 2016 4405 

Source:  Spokane Metropolitan Transportation Plan (2011-2035) (Section 2- Page 

1).  Note:  original data source was Washington State Department of 

Transportation (WSDOT) 2008 FFC classification. 

 

The most traveled roadway within city boundaries (in terms of average weekday 

traffic) is Division Street carrying upwards of 47,000 vehicles during the 2009-

2010 counting period (City of Spokane Street Department 2010).  The figure 

below depicts the average weekday traffic along Spokane’s highways, principal 

and minor arterials, and collectors. 

     

The largest portion of trips within the region relies upon personal motor vehicles.  

According to the “Existing Conditions and Trends Report” by the SRTC, 85 

percent of travel within the region utilized single-occupancy vehicles (Spokane 

Regional Transportation Council 2010, 18-19).  
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Figure 3.4 Average Weekday Traffic for 2007 

Public Transit System Network 

Public transit options also exist for residents within the Spokane region.  Fixed 

route service, paratransit or demand responsive transit, and rideshare options 

serve the residents of the city.  Spokane Transit Authority (STA) runs the 

operation of these services.  Forty fixed routes serving the Spokane region 

connects the downtown core of the city to commercial, residential, office, and 

industrial areas throughout and beyond the city boundaries.   

 

The total undirected miles of fixed route transit serving the region in 2008 was 

348.9 miles (Spokane Regional Transportation Council 2011, 2).     
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Table 3.4 2008 Fixed Route Transit Miles 

Route 

Type Route No. 

Total Route Length 

(miles) 

Shuttle 1, 2 4.7 

Frequent 20,24,25,33,44,90 53.1 

Basic 
21,22,23,26,27,28,29,30,31,32,35,40,41,42,

43,45,46,47,61,62,64,65,74,91,94,95,96,97 
231.4 

Express 66,72,73,124 59.7 

Source:  Spokane Transit Authority 2008 (as cited by the Spokane Regional 

Transportation Council 2011, 2).  Note:  Route length refers to undirected route 

miles.   

 

According to the American Public Transportation Association (APTA) 2010 

Public Transportation Fact Book Appendix B, a maximum of 306 total vehicles 

operated under STA in 2008 alone.  The number of unlinked trips was 11.85 

million trips in 2008 amounting to approximately 51.96 million passenger miles 

in the same year (APTA 2010, 204).   

 

Table 3.5 2008 Spokane Transit Authority (STA) Operating Data within  

Urbanized Area of Spokane Region 

Mode 

Vehicles 

Operated 

Maximum 

Service 

Unlinked 

Passenger 

Trips 

(Thousands) 

Passenger 

Miles 

(Thousands) 

Bus 124 11110.5 42551.9 

Demand Responsive 105 516.5 3981.8 

Van Pool 77 224.3 5442.0 

Total 306 11851.3 51975.7 

Source:  APTA 2010 Public Transportation Fact Book Appendix B:  Operating 

Statistics      
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In terms of usage, NMTPP survey noted that 4.1 percent of total person trips fell 

within the “transit” category.  According to the Community Indicator Initiatives 

of Spokane website (which utilized ACS data), the percentage of commuters 

utilizing public transportation (excluding taxis) averaged 4.3 percent between 

2008 and 2010.  A table below using the ACS data illustrates commuter modal 

choice within the city of Spokane. 

 

Table 3.6 Percent of Commuters Using Alternative Means of Transportation 

with the City of Spokane (Home-to-Work trips) 

Alternative Mode of 

Transportation 
Year 3-Year 

2008 2009 2010 Average 

Public Transportation (not taxi) 4.8% 4.0% 4.0% 4.3% 

Walked/Other Means 5.6% 4.9% 6.3% 5.6% 

Work from Home 4.0% 4.1% 4.5% 4.2% 

Source:  American Community Survey data for City of Spokane, WA 

Bicycle and Pedestrian Network 

Only 12.4 percent of total trips within Spokane County did not utilize personal 

automobiles in 2008 (Spokane Regional Transportation Council 2010, 18).  Citing 

the results of the ACS, 2005-2009 5 Year Estimate, SRTC’s Travel Forecasting 

Documentation notes that walking and bicycling only accounted for 3.61% of 

total trips in Spokane County (Spokane Regional Transportation Council 2011, 2).  

The NMTPP notes that the average number of trips by commuters on bicycle was 

2.45 trips for survey respondents in Spokane (Krizek et al. 2007, 21).    
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According to the Spokane 2011-2035 MTP, bicycles (per State of Washington 

law) are vehicles and are legally able to access all public streets.  However, 

several streets have bicycle facilities installed within or separate from the 

roadway.  In the entirety of Spokane County, 1050 miles of the functionally 

classified roadways include bicycle facility provisions that include shared use 

paths, bicycle lanes, signed shared roadways, and shared use roadways (Spokane 

Regional Transportation Council Policy Board 2012, 2-28).  The NMTPP survey 

indicated that the average trip length for all bicycle trips was 1.48 miles (Krizek et 

al. 2007, 21).   

   

Per the Spokane Regional Bike Plan, a combination of AASHTO guidelines and 

state standards served as a basis for the classification of bicycle facilities within 

the Spokane region (Spokane Regional Transportation Council 2008, 5-2 to 5-3).  

Within the region, five classes of bicycle facilities exist:   

 

 Class I- Shared Use Paths  Right-of-way separated from vehicular path; 

minimum width of six-feet for one-way traffic; minimal cross flow with 

motorized vehicles  

 Class II- Bicycle Lanes  Located within roadway right-of-way; minimum 

five-foot width with addition eight inches for striping; exclusive area for 

bicycle use designated via pavement markings, striping, and/or signing  
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 Class III- Signed Shared Roadway  Bicyclists share roadway right-of-

way;  minimum lane width is 14 feet; location indicated via signage;   

 Class IV- Shared Roadway Bicyclists share roadway right-of-way; 

minimum width of outside or curb lane is 14 feet; best utilized in 

roadways with 11 to 12 foot widths, speed limits of 30 mph or less, and 

with average daily traffic (ADT) of 5,000 vehicles or less.   

 Class IX- Bicycles Prohibitions Bicyclists prohibited from using 

roadway  

 

Unlike the other modes, the data detailing pedestrian movement and the 

respective pedestrian infrastructure within the city is nonexistent except for 

portions (namely, the downtown and university cores) within the city.    

According to the Spokane 2011-2035 MTP, “there is no systematic program to 

keep sidewalks maintained or replaced after their useful life” ((Spokane Regional 

Transportation Council Policy Board 2012, 2-29).   The Spokane Regional 

Pedestrian Plan also notes the lack of pedestrian inventory noting, “Presently, no 

local jurisdictions map and track pedestrian networks and facilities” (Spokane 

Regional Transportation Council 2009, 9).     

 

The Spokane Regional Pedestrian Plan attempted to address this issue through 

collaboration between Washington State University (WSU) and STA.  The GIS 

department at WSU is in the process of developing an inventory of the pedestrian 
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network for areas within the city (Spokane Regional Transportation Council 2009, 

Appendix B).  However, the data set was not released by the completion of this 

thesis.    

 

In terms of pedestrian usage and behavior, the NMTPP noted that (among survey 

respondents) the number of trips per day by commuters was 2.00 and 2.35 for 

other destination walkers (Krizek et al. 2007, 25).  Of 65 survey respondents, 78 

percent either biked or walked to transit stops (Krizek et al. 2007, 28).  The SRTC 

travel forecasting document notes that 2.97 percent of the commute trips within 

Spokane County were via walking (Spokane Regional Transportation Council 

2011, 2).   

 

The Pedestrian Plan Survey 1 Results available via the SRTC website showed that 

44 percent of the respondents noted the lack of sidewalks as a barrier to walking.  

Approximately 42 percent of the respondents indicated that the lack of crosswalks 

was a barrier to walking.  Other perceived barriers that gathered large responses 

included harsh weather during winter, poor lighting, fast traffic, and unsignalized 

intersections.  Another notable result from the survey indicated that of 315 

respondents to the question “does your youngest child usually walk to school?”  

79 percent responded “no.”  The same percentage responded to the question, 

“Does your oldest school age child usually walk to school?”  (Spokane Regional 

Transportation Council 2008)   
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In terms of where Spokane residents walk, the SRPP indicated that the greatest 

attractors for walking from residents’ houses are to the park (60.0 percent), 

friend’s house (43.7 percent), and the grocery store (41.2 percent).  The 

destination of most walkers from work was to coffee shops or restaurants (70.6 

percent), parks (52.0 percent), and retail areas (48.7 percent).  (Spokane Regional 

Transportation Council 2009, 7)       

3.4 Specific Study Sites 

To limit selection bias of the study sites, 25 specific parcels from the total 

204,000 parcels included within the city boundaries were randomly chosen.  

These parcels served as the center point for the study areas included in this 

research.  The City of Spokane’s GIS department website provided this data in a 

shapefile format as an open source document available for use in GIS software 

such as ArcMap and related programs.   

 

Linking the file to Microsoft Excel, a random number generator chose the 25 

parcels that served as the center point of the final study sites. Utilizing ArcMap10 

software, a buffer zone of a quarter-mile around each of the 25 chosen parcels 

served as the study area boundaries.  These sites are evenly spread throughout the 

city of Spokane.     
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Figure 3.5   Study site locations 

 

A comparison of zoning areas (shown in Table 3.7) shows that the chosen sites 

are representative of the zoning proportions within the entire city.  Appendix C of 

this document provides a codebook defining the specific zoning categories. 
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Table 3.7 Comparison of Areas by Zone Category 

General Zoning Categories 

Proportion of Enclosed Area  

w/in City
1
  

w/in Study 

Areas
2
 

Residential (RA, RSF, RTF, RMF, RHD) 80.05% 84.62% 

Commercial (O, OR, NR, NMU, CB, GC) 7.74% 8.39% 

Center and Corridor (CC1, CC2, CC3, 

CC4) 
2.05% 3.15% 

Downtown (DTC, DTG, DTU, DTS) 2.05% 0.00% 

Industrial (LI, HI, PI) 8.10% 3.83% 

1 
The values within the column represent the total area of zones included in 

specified general zoning categories divided by total area encompassed within the 

city of Spokane (excluding non-zoned areas such as water features). 
2 

The values within the column represent the total area encompassed in all 25study 

areas that fall within the specified general zoning categories divided by total area 

encompassed by the 25 study areas (excluding all non-zoned areas such as water 

features).   

 

The graphical depiction of each site within ArcMap utilizes shapefiles grouped 

into layers.  Each of these layers include location and type of crimes committed in 

in 2008, 2009, and 2010; the roadway network including location, length, and 

federal functional classification of each included street; location and length of 

transit routes; location and number of transit stop, the location of bicycle network 

infrastructure; zoning types and location; among other attributes.   
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Figure 3.6 Study Site No. 24 with layer and shapefile definition   

 

Also imbedded within each layer were attributes that provided even greater detail 

of the networks represented on the ArcMap file.  For example, the zoning layer 

contains the parcel identification number and the area enclosed within each type 

of zoning category represented on the graph.  For the roadway network, the 

attribute table included the length of each type of federal functional classified 

roadway located within the study area’s boundary.   

 

Also included within the ArcMap file are U.S. Census Bureau data from the 

decennial census and the American Community Survey.  Such data included 
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information regarding population, household size, income, age, and other socio-

economic demographics. 

 

The area enclosed within each buffer zone is slightly different from one another.   

This is because the quarter-mile buffer based its shape on the irregular shape of 

the parcels chosen for the study.  

 

The following tables show descriptive statistics comparing the 25 study sites to 

corresponding values for the city of Spokane.   

 

Table 3.8 Socio-economic Demographics of 25 Study Sites 

SOCIO-DEMOGRAPHICS     

Total Sample Population 25257 Persons 

Total Households In Sample 10962 Households 

Average Household Size  2.3 Persons/Households 

Percentage of Males in sample  49.10% 
 

Percentage of Females in sample  50.80% 
 

Percentage of Males Under 25 in Sample  37.60% 
 

Percentage of Females Under 25 in 

Sample 
36.30%   
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Table 3.9 Comparisons of Descriptive Crime Statistics between Spokane and 

  Study Sites  

  Spokane 

Study 

Sites Percent 

Total Crimes 

Total Crimes Committed in 2008 24,325 2,622 10.8% 

Total Crimes Committed in 2009 23,497 2,484 10.6% 

Total Crimes Committed in 2010 23,137 2,524 10.9% 

Total Crimes Committed in Study Period 70,959 7,630 10.8% 

Average No. of Crimes committed per Year 23,653 2,543 10.8% 

(std. dev.) (497.4) (71)   

Average No. of Crimes committed Per Site 

 

305.2 

 (std. dev.)   (242.1)   

Violent Crimes 

Total Violent Crimes Committed in 2008 4,898 554 11.3% 

Total Violent Crimes Committed in 2009 3,586 464 12.9% 

Total Violent Crimes Committed in 2010 3,479 350 10.1% 

Total Violent Crimes Committed in Study 

Period 11,963 1,368 11.4% 

Avg. No. of Violent Crimes committed per 

year 3,988 456 11.4% 

(std. dev.) (645.2) (83.5)   

Avg No. of Violent Crimes  per Site   54.7   

(std. dev.)   (53.0)   

Property Crimes 

Total Property Crimes Committed in 2008 17,567 1,826 10.4% 

Total Property Crimes Committed in 2009 18,006 1,880 10.4% 

Total Property Crimes Committed in 2010 18,924 2,106 11.1% 

Total Property Crimes Committed in Study 

Period 54,497 5,812 10.7% 

Avg. No. of Property Crimes committed per 

year 18,166 1,937 10.7% 

(std. dev.) (565.4) (148.54)   

Avg No. of Property Crimes  per Site 

 

232.5 

 (std. dev.)   (178.1)   
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Table 3.10 Transportation Network of 25 Study Sites 

Total Access Points By Infrastructure Dedicated to Specific Modes 

No. of intersections between roadway and SABs 
1
 709 

Intersections between dedicated bike facilities and SABs 75 

No. of transit stops in study area 76 

No. of intersections between sidewalks and SABs 612 

Federal Functional Classification of Roadways 

Total Length of Rural- Major Collector 588 Ft 

Total Length of Urban-Interstate 27565 Ft 

Total Length of Urban-Principal Arterial 37094 Ft 

Total Length of Urban-Minor Arterial 55707 Ft 

Total Length of Urban-Collector 38101 Ft 

Total Length of Urban-Local 706091 Ft 

Public Transit (Bus) Facilities 

Total Length of Bus Routes 99538 Ft 

Bicycle Facilities 

Total Length of Shared Use Facilities 1052 Ft 

Total Length of Commuter-Recreational Routes 20286 Ft 

Total Length of Bike Lanes 19443 Ft 

Total Length of roadway with designated shared use 48655 Ft 

Pedestrian Facilities 

Total Length of Sidewalks 821852 Ft 

Total Length of Sidewalks with Buffers 529940 Ft 

Total No. of Curb Ramps Present 832 

 Total No. of Streets with Crosswalks 127 

 Total Length of Pedestrian Overpasses 670 Ft 

Total No. of Curb Extensions 37   

Other Transportation Engineering Measures 

Total Length of Roadway with Pavement not asphalt 6267 Ft 

Total Length of Roadway showing lateral shift 38443 Ft 

Total No. of Traffic Diverters 6 

 Total No. of Full Street Closures 3 

 Total No. of Partial Street Closures 1 

 Total No. of Streets with Traffic Signals 65 

 Total No. of Streets with Pedestrian Signals 68 

 Total Length of Designated On-Street Parking 16315 Ft 
1 

SAB:  Study area boundary 
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3.5 Conclusion 

In this chapter, the author introduced attributes of Spokane related to its criminal 

history, social conditions, and transportation networks.  The author also included 

specific data garnered from the study sites included in this research.  The author 

provided this information in hopes of not only applying the data to this specific 

study, but also to provide a background and data source for future research 

interests.  
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CHAPTER 4- DATA REDUCTION AND PROCESSING 

4.1 Introduction 

This study analyzed the relationship between crime and connectivity of specific 

transportation networks within 25 randomly chosen sites within the city of 

Spokane.  This chapter describes the methodology associated with generating a 

GIS model that represented the spatial conditions of crime and transportation 

infrastructure at the sites, as well as the development of a statistical model 

analyzing the relationship between the noted variables.   

 

This chapter is broken down into two general sections.  The first section describes 

the data included within the models, the sources of the data, and any assumptions 

made regarding the data set.  It also discusses the development of the GIS model.  

The last section discusses the generation of the statistical model utilized to 

analyze the relationships between the noted variables.   

4.2  Identifying the Variables 

The literature review section discussed various variables that appear to affect the 

location of crime:  social and economic demographics, aspects of the built 

environment, and other outlying factors.  This study utilizes a combination of 

socio-economic variables widely accepted within the literature as affecting crime 

occurrence and variables measuring the connectivity of transportation networks to 

test the hypothesis.      
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4.2.1 Socio-Economic Variables  

Two widely trusted and utilized data sets within the United States are the 

decennial census (U.S. Census Bureau 2010) and the American Community 

Survey, or ACS.  These surveys, conducted by the U.S. Census Bureau, measure 

several social and economic demographics via complete population counts and 

statistical representation.  The Census Bureau provides this data in multiple 

spatial levels.  The data for the 2010 Census aggregates down to the block-level, 

while the ACS data aggregates to the tract level.    

 

 

Figure 4.1 Census Geographic Areas  

 

In 2010, the Census Bureau completed the 2010 Census of the United States.  

This data, which is available online through the Census Bureau website, provides 

a multitude of data including population, number of households, race, ethnicity, 

age, sex, and housing status for each census block in the United States.   

 

The ACS, according to its website, provides information regarding age, sex, race, 

family types and relationships within each household, disabilities of individuals, 
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transportation and modal choices of individuals, cost of living, income and 

benefits, health insurance, education, and veteran status.  This survey develops 1-

year, 3-year, and 5-year estimates based on sample population responses within 

each state.    Table 4.1 shows the sample size of Washington state residents 

participating in the ACS.  The Census Bureau provides this data down to the 

census tract level.   

 

Table 4.1 Sample Size of Participating Washington State Residents in the  

American Community Survey (by year) 

Year 

Housing Units Group Quarters People 

Initial 

Addresses 

Selected  

Final 

Interviews 

Initial 

Sample 

Selected 

Final 

Interviews 

2010 60206 40883 3211 2168 

2009 59182 40857 3287 2211 

2008 58805 40855 3095 2260 

   

Using the data provided via these two sources, the models utilized in this study 

included a final set of socio-economic data:  population, number of households, 

sex, household income, and age.  The inclusion of these data sets provided a 

means to compare the degree of correlation between factors already identified to 

affect crime location and the connectivity measures tested within this study.     

 

Due to the aggregation of data to census blocks and tracts, the model included 

several adjustments to actual data sets.  As shown in Figure 4.2, the study site 

boundaries bisect several census blocks and tracts.  To represent only those social 
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and economic conditions included within the study site boundaries, the author 

assumed equal distribution of data across the actual total land area of either 

census block or tract (depending on the individual data set’s specified geographic 

area).  A calculation of the ratio of land area located within the study site over the 

total land area provided a means to represent the values inclusive only to the study 

site.   

 

For example, census block 3010 (located in census tract 31) listed a total 

population of 18 individuals in the 2010 Census.  The land area that comprised 

this census block was 20,203 square meters.  The area actually included within 

the study boundary was only 7783 square meters.  The ratio of these two values is 

0.385.  This value, when multiplied to the 2010 population for the census block, 

provided an adjusted population value of ‘7.’  This was the value included within 

the data set for the study site.        
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Figure 4.2 Overlay of study site onto 2010 census tracts and boundaries 

 

Utilizing findings in the literature review, the author identified socio-economic 

variables to include within the statistical model.  Table 4.2 indicates these 

variables.  The author describes the process of identifying level of association 

between each variable and different types of crime in detail in Chapter 5.    
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Table 4.2 Socio-economic Variables Included in Model 

Variable Description  Units 

POPN_density 
The population over the area of the  

study site 
(individuals)/(sq. 

miles) 

HH_density 

The number of households in the 

study site over the area of the study 

site 

(No. of 

households)/(sq. 

miles) 

Income 

The weighted average of the mean 

income of census tracts (as 

identified in the ACS data set) that 

intersected the study site 

boundaries 

dollars/ year 

Males 

The number of individuals self-

identified as males within the study 

area 

Individuals 

Under 25 
The number of individuals under 

the age of 25  Individuals 

 

4.2.2 Transportation Network Variables  

Three types of transportation infrastructure represented the transportation network 

for this study:  sidewalks, city streets, and bicycle facilities.  To represent the 

access provided by public transit, the author placed an overlay of the transit routes 

and stop locations on the city street network.  The analysis considered each type 

of network separately.   

Model Generation 

The GIS department with the City of Spokane provided shapefiles depicting the 

street network within the city via the GIS office’s website.  This file included 

attributes such as street length, street name, and spatial location.  Washington 

State Department of Transportation (WSDOT) provided another set of shapefiles 
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for the street network.  This file, provided on the WSDOT GeoData Distribution 

Catalog website, overlaid the transportation network with each roadway’s federal 

functional classification as well as other attributes.  Figure 4.3 shows the output 

for the roadway network data provided by the listed sources.  The author also 

identified locations of other engineering measures dealing with traffic calming 

and management via Google Earth and Google Street View.  Measures accounted 

for included the length of roadways with different types of pavement or designed 

with a lateral shift, areas with traffic diverters, full and partial street closures, 

intersections controlled with signals, and roadways with on-street parking.   

 

 

Figure 4.3 City of Spokane street network with Federal Functional  

Classification 
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Unfortunately, neither the City of Spokane nor WSDOT provided similar 

shapefiles for the other transportation networks.  The author digitized the transit 

routes, bicycle networks, and sidewalk networks in ArcMap using other sources.   

 

The process of digitizing with GIS is analogous to tracing a network on top of the 

existing shapefiles in an ArcMap workspace.  The author utilized the street 

network, parcel, and multi-resolution seamless image database (SID file) (based 

on satellite imagery taken in 2007) provided by the City of Spokane’s GIS 

department.  Google Earth, Google Maps, and maps provided by STA and SRTC 

in a PDF format also served as the base layer on which the transit routes, bicycle 

facilities, and sidewalks overlaid.   

 

To digitize the bicycle network, the author utilized the Spring 2009 Spokane 

Regional Bike Map provided on the SRTC website.  This map (provided in a PDF 

file format) served as the basis for the network.  Figure 4.4 illustrates this process. 
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Figure 4.4  Spring 2009 Spokane Regional Bike Map with the author’s GIS  

model inset.   

 

Using a transit route map provided by STA, the author digitized the transit routes 

that intersected with the study site boundaries.  The PDF file represented the 

routes that existed in 2009.  This map did not include stop locations.  To 

accuratelydepict the location of these stops on the GIS model, the author utilized 

two Google products:  Google Earth and Google Maps.  The Google Earth map, 

dated May 30, 2009, indicated stop locations along streets.  As a check, the author 

used Street View, another Google Maps product, to see if a bus stop sign existed 

at the site during the study period.  Figure 4.5 depicts this process.     
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Figure 4.5 Transit route and stop location.  Note:  An image of a study site 

generated in ArcMap depicting the transit route and stop locations 

with inset of Google Earth and Google Street View images.  The 

Google Street View image has a date stamp of September 2008, 

while the Google Earth Image has a date stamp of May 30, 2009.   

 

The author utilized a similar process to digitize the pedestrian facilities network.  

Figure 4.6 shows the process associated with this digitization.  Because no 

government offices within Washington had any sort of pedestrian network map, 

the author based the entirety of the pedestrian network on a mix of on images 

found on Google Earth and Google Maps Street View, and the SID file provided 

by the GIS department of the City of Spokane.  The model also included other 

attributes of the pedestrian environment including sidewalks paired with four-feet 

wide buffers, curb ramps, crosswalks, curb extensions, and pedestrian overpasses.   
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Figure 4.6 Pedestrian facilities location.  A close up of the sidewalk layer 

generated in ArcMap using Google Earth Images (dated May 30, 

2009) and Google Street View (dated September 2008).    

 

Connectivity  

For the street network, the author assumed each intersection is a node and every 

street is a link.  Connectivity of the transit route was not measured because of the 

relatively small networks located within each study site.  However, the model 

took into account the presence and density of transit routes and stops within each 

study site as a separate variable.   
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For the bicycle facilities, the author also assumed that each street intersection 

represented a node within the network.  However, the identification of link for the 

bicycle network is slightly different from the street network utilized for 

automotive travel. All local streets acted as links within the bicycle network.  For 

higher levels of functional classification (collectors, arterials, and interstates), 

only those with dedicated bicycle facilities counted as links within the model. 

 

The author defined the pedestrian network in two different ways.  The first set of 

pedestrian measures is categorically PED1 within the analysis.  Both networks 

utilized the street corner as nodes.  This meant that at every four-way intersection, 

four nodes existed.  The first network type assumed that every intersection had the 

same number of nodes as the number of approaches at the intersection.  This 

network also only took into account the presence of a sidewalk as a definition of a 

link.  The author also assumed that links existed across every intersection, 

providing a means to travel from block to block despite the provision of 

pedestrian measures such as curb ramps, curb extensions, or crosswalks.  The 

maximum number of links at an intersection equaled the number of roadway 

approaches at the intersection.  Figure 4.7 illustrates PED1 conditions. 
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Figure 4.7 PED1 link and node conditions.  Note all sidewalks, despite  

sufficient buffer, considered as links.  All street corners, despite 

presence of curb ramp, considered as nodes. 

   

 

The second type of network, categorically known as PED2, considered the 

walkability along the pedestrian network.  Only those sidewalks with identified 

four-foot buffers or next to dedicated on-street parking counted as links between 

nodes.  At intersections, only those corners with curb ramps, curb extensions, 

crossing medians, pedestrian signals, or crosswalks counted as links.  Like the 

first network, all street corners counted as nodes. 
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Figure 4.8 PED2 link and node conditions.  Note the image is of the same 

intersection featured in Figure 4.7  

 

 

After developing the model using these definitions, the author utilized measures 

of connectivity identified in the literature review.  Measures utilized within the 

fields of planning and mathematics appeared best to fit the data.  The specific 

measures included in the model was the density of infrastructure dedicated to 

different modes within the study area, and the other measure utilized measures 

developed in Graph Theory.  Table 4.3 shows the different measures of 

connectivity considered, the associated definitions, and the units of each measure.  
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Table 4.3  Measures of Connectivity  

Variable Description  Units 

Intersection 

Density 

Number of intersections over study area.  

Higher numbers equate to greater connectivity 

(intersection)/(sq

. mile) 

Street 

Density 

Linear measure of street over study area.  

Higher numbers equate to greater 

connectivity. (Applicable to bicycle and street 

networks) 

(linear ft)/(sq. 

mile) 

Sidewalk 

Density 

Linear measure of sidewalk length over study 

area.  Higher numbers equate to greater 

connectivity.   (Applicable to sidewalk 

network only) 

(linear ft)/(sq. 

miles) 

Sidewalk 

With Buffer 

Density 

Linear measure of sidewalk with four-foot 

buffer over study area.  Higher numbers 

equate to greater connectivity.  (Applicable to 

sidewalk network only) 

(linear ft)/(sq. 

mile) 

Gamma 

Index 

Utilized in Graph Theory, this measure takes 

the actual number of links and divides it by 

the total number of possible links.  This value 

is between 0 and 1, with 1 indicating a 

completely connected network.  This is 

applicable to all network types. 

  

Beta Index Also utilized in graph theory, this value 

determines the level of connectivity by 

dividing the total number of links over the 

total number of nodes.  A complex and 

connected network can have a value greater 

than one.  Can be applicable to all types of 

networks. 

  

Alpha Index This measures the connectivity via the 

comparison of the cycles within the network 

by the maximum number of cycles.  A value 

of 1 indicates a complete network, and 0 

represents a simple network.  Applicable to all 

network types.   
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Walkability  

Using the pedestrian, bicycle, roadway, and transit design features described 

within the PEDSAFE manual (as described in Table 2.3), the author collected data 

on location and counts of pedestrian facilities, roadway design features, traffic 

calming devices, traffic management designs, signalization, and other engineering 

measures present within each study site.  To gather data, the author utilized the 

same technique described in the “model generation” portion of this document.  

The main tools utilized to gather data was Google Earth, Google StreetView, and 

the SID file provided by the City GIS department.    

 

4.3 Conclusion 

The author generated two variable sets in pursuit of answering the three research 

questions posed in the introductory section.  The first two questions, which 

address the relationship between network connectivity and crime, utilized the 

variable set listed in Table 4.4.  The third question, which addressed the 

relationship between presence of certain infrastructure and crime, utilized the 

variable set listed in Table 4.5.  Due to the different characteristics of the data 

sets, the author utilized two different statistical analyses, as described in the next 

chapter.   
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Table 4.4 Final Variable List (Connectivity vs. Crime Rate) 

Variable Definition 

Independent Variables 

CRIME 3-yr average of all crime types in study area 

VIOLENT 3-yr average violent crime rate in study area 

PROPERTY 3-yr average property crime rate in study area 

DRUG 3-yr average drug-based crime rate in study area 

Dependent Variables 

Socio-Economic 

POPN_DENSITY Population density within study area 

HH_DENSITY Household density within study area 

INCOME Weighted average of Tract Mean Income 

MALES No. of males within study area 

U25 

No. of individuals in study area who were under 25 yrs 

of age 

Connectivity (General) 

INT_DENSITY Intersection Density 

Connectivity (Street- Auto-based) 

AUTO_ST_DENSITY Street network density 

AUTO_GAMMA Gamma Index for street network 

AUTO_BETA Beta Index for street network 

AUTO_ALPHA Alpha Index for Stret network 

Connectivity (Bicycle Facilities) 

BIKE_ST_DENSITY Bicycle network density 

BIKE_GAMMA Gamma Index for bicycle network 

BIKE_BETA Beta index for bicycle network 

BIKE_ALPHA Alpha index for bicycle network 

Connectivity (Sidewalk-Simple) 

PED1_SW_DENSITY Sidewalk density sidewalks 

PED1_SW_GAMMA Gamma index of sidewalks 

PED1_SW_BETA Beta index of sidewalks 

PED1_SW_ALPHA Alpha index of sidewalks  

Connectivity (Sidewalk with pedestrian and traffic measures) 

PED2_SW_DENSITY Sidewalk density sidewalks 

PED2_SW_GAMMA Gamma index of sidewalks 

PED2_SW_BETA Beta index of sidewalks 

PED2_SW_ALPHA Alpha index of sidewalks  
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Table 4.5 Final Variable List (Engineered Design Features vs. Crime) 

Variable Definition 

Independent Variables 

CRIME.1000 Total Crime per 1000 Residents in study area 

VIOLENT.1000 Total Violent Crimes per 1000 Residents in study area 

PROPERTY.1000 Total Property Crimes per 1000 Residents in study area 

Dependent Variables 

Pedestrian Facilities 

SWBuffer Percentage of Sidewalks with four-foot (or wider) buffer 

CurbRamps Total number of curb ramps within the study site 

Crosswalk Total number of marked crosswalks within each site 

Roadway Design 

BicycleLanes Total Length (in feet) of bicycle lanes in roadway 

LateralShift 
Total length (in feet) of lateral shift in roadway.  Measure is 

from beginning/end of block for each street with lateral 

shift. 

RaisedMedian Total length (in feet) of raised median within roadway. 

OneWayStreet Total length of roadway designated as one-way street. 

Traffic Calming 

CurbExtension Total number of curb extensions located within study site 

CrossingIslands Total number of crossing islands located within study site 

Pavement 

Total length of roadway with pavement treatment not 

asphalt. 

Traffic Management 

Diverters Total number of roadway diverters within study site. 

FullStreetClose Total number of full street closures within the study site. 

PartStreetClose Total number of partial street closures within the study site. 

Signals and Signs 

TrafficSignals Total number of approaches with traffic signals 

PedSignals Total number of approaches with pedestrian signals 

Other Measures 

TransitStop Total Number of Transit Stops located within study site 

BusRoute Total length of bus route located within study site. 

OnStreetPkg Total length of designated on-street parking. 
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CHAPTER 5- ANALYSIS 

5.1 Introduction 

The author utilized two different statistical methods to analyze the data:  multiple 

linear regression analysis and permutation tests.  Recall the research questions 

proposed in the introductory section: 

 Does connectivity of the roadway network, which provides the 

transportation infrastructure for automotive and transit modes, affect crime 

rate? 

 Does the level of connectivity of infrastructure dedicated to non-motorized 

modes of travel (i.e. sidewalks and bicycle facilities) affect crime rate? 

 Does the presence of other engineering measures, such as sidewalk 

buffers, curb ramps, curb extensions, traffic signals, on-street parking, 

street closures, crossing islands, and raised medians, affect crime rate? 

 

To answer the first two questions, the author utilized multiple linear regression 

analysis, specifically the partial F-test.  A comparison of three base models to 

various sets of full models enabled the author to explore the relationship between 

crime and connectivity, whilst accounting for socio-economic variables present 

within each study site.      

 

To answer the third question, the author utilized permutation tests.  The non-

normal characteristic of the data sets prevented the utilization of the linear 
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regression analysis.  The author utilized the variables listed in Table 4.5 for this 

analysis.     

5.2 Analysis of Connectivity (Partial F-test) 

Due to the continuous nature of the data set utilized for analysis of connectivity 

and the multiple non-categorical variables in consideration, the author chose to 

utilize multiple linear regression analysis to determine the relationship between 

crime and infrastructure connectivity.  The inclusion of the socio-economic 

variables within the partial F-test provided a means to account for any underlying 

relationships that may exist between the demographics and the infrastructure 

network provided within the study sites to crime rates.  This analysis utilized the 

data set described in Table 4.4 in this document.   

 

To determine if connectivity statistically correlates with crime rates within the 

study sites, the author compared the base model to a full model.   The base model 

included population density, household density, income, gender, and age variables 

associated with each site.  The full model included these socio-economic 

demographics and the individual connectivity measures.  A partial F-test 

determined the applicability of the hypothesis: 

                    

 

Figure 5.1 shows a matrix plot of the socio-economic variables utilized within the 

base model compared with the average crime rate.  A noticeable pattern within the 
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plot is the curvilinear relationship between crime and the other variables without 

any transformation.   

 
Figure 5.1   Scatter plot matrix of socio-economic variables against average  

crime with no transformations. 

 

The curvilinear pattern indicated a need for a transformation.  The author chose a 

natural log transformation of both the explanatory and response variables.  This 

transformation improved the data set in two ways:  It assured nonnegative values, 

and it provided better fit as indicated by the higher R-squared values.  Table 5.1 

shows a comparison of R-squared values between the model including the natural 

log transformation of the response and explanatory variables and the model 

without any transformation.   

 

Table 5.1   Comparison of Multiple R-Squared for Models with and without  

Transformations 

  

Multiple R-squared 

Base 

Model 

Crime 

Type 

No 

Transformation 

Natural Log 

Transformation 

1 
All 

Crime 0.7719 0.8510 

2 Violent 0.6807 0.8047 

3 Property 0.8155 0.8495 

*NOTE:  All socio-economic variables and the response variable transformed via 

natural log transformation. 
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Figure 5.2 Scatter plot matrix of socio-economic variables against log-

transformed crime. 

 

Two variables, INCOME and U25 (number of individuals under age of 25 years 

old), benefited from this transformation, while the effect on the other socio-

economic variables was minimal.  Figure 5.2 shows the scatter plot with the 

natural log transformations.  Because the transformation of all the variables 

generated larger R-values, the author chose three models to represent the reduced 

model:  

 

Base Model 1:  Average Crime Rate  

                                                              

          

 

Base Model 2:  Average Violent Crime Rate 

                                                       

                   

 



75 

 

 

 

Base Model 3:  Average Property Crime Rate 

                                                                

                     

 

During the preliminary analysis, the author found that the only socio-economic 

variable that generated significant value was INCOME.  As indicated within the 

literature review, different studies acknowledge the effect of the other variables 

on crime.  In order to account for any effects the population density, household 

density, number of males within the study site, and number of individuals under 

the age of 25 years old may have in relationship to crime and the transportation 

connectivity, the author chose to include the variables within the base and full 

models.   

 

Not all of the socio-economic variables had positive or statistically significant 

relationships to crime.  Figure 5.3 shows an output including the estimates of 

intercept and the socio-economic variables obtained via the program R.  Table 5.2 

shows an example of the estimates associated with each socio-economic variable 

utilized within the Base Model 1 for auto-oriented transportation networks.  

Appendix D includes the entire set of estimates associated with each variable 

analyzed for the partial F-test. 
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Figure 5.3 Example output from R 

 

Table 5.2 Example of Estimates Associated with Socio-economic Variables 

 
Estimates 

AUTO Intercept ln.popn ln.hh ln.income ln.male ln.u25 

ln.crime 19.03** -2.35 2.09* -1.55** 0.18 0.80 

ln.crime 16.80** -1.76 1.97 -1.40** -0.70 1.07 

ln.crime 17.52** -1.52 1.83 -1.52** -0.59 0.85 

ln.crime 18.28** -1.93 2.12* -1.61** -0.06 0.65 

ln.crime 18.93** -2.00 2.12* -1.60** -0.01 0.67 

ln.crime 18.82** -1.78 2.12* -1.62** -0.16 0.62 

       

Significance 0 "***" 0.0001 "**" 0.01 "*" 0.05 

 

The author compared each base model to a full model with the corresponding 

connectivity variable.  For example, the full model for alpha index of roadways 

was as follows:   
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Full Model 1:  

                                                              

                    

 

Note that no transformations occur to the connectivity variable, ALPHAAUTO.  

This is due to negative values within the data set.  As noted previously, the alpha 

index measures the cyclic nature of a graph.  At most of the study sites, the graph 

was ‘incomplete.’  This meant that breaks within the network existed as 

represented by missing sidewalks or gaps between bicycle networks.  This caused 

the cyclomatic number to be negative, which in turn, caused the alpha index to be 

negative.    

      

Using the statistical program R, the multiple linear regression analysis provided a 

means to attain the F-values corresponding to specific models: 

 

   
              

            
                   

 

SSR represented the sum of squares of the residuals for either the reduced or the 

full models, as needed.  The degree of freedom for each model is ‘df’ in the 

equation.  A p-value generated from the F-statistic provided a means to determine 
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if a relationship between different types of crime and different measures of 

connectivity existed at the 25 study sites.   

 

5.3 Analysis of Walkability (Permutation Test) 

Table 5.3 shows an example of the data utilized for assessing the relationship 

between walkability and crime.  Notably, some of the variables listed show 

multiple “0”s within the set.  This non-normal pattern indicated the need for a 

statistical methodology capable of assessing data with non-normal distribution.  

No transformation of the data assisted in providing adequate analysis of the data.   

 

Table 5.3 Example of Data Set for Walkability Analysis 

SiteNo. CRIME.1000 TransitStop Crosswalk CurbExten 

1 27.5 0 0 0 

2 159.9 3 0 0 

3 34.8 0 0 0 

4 60.6 1 0 0 

5 95.0 7 8 1 

6 117.1 6 4 0 

7 30.5 0 0 0 

8 100.2 0 4 0 

9 39.7 4 1 0 

10 136.7 2 16 5 

 

A simple t-distribution for approximation was insufficient for this analysis 

because the “0” values created a non-normal data set.  A rank-sum test was 

inadequate because too many ties within the data set existed. As with most 

statistical analyses, reliable results depend on the data’s ability to meet 
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assumptions regarding normalcy, independence, and deviation.  The permutation 

test worked well with the data set because it lacked need for normalcy or other 

distributional conditions.     

 

However, limitations of applicability and generalization to greater populations 

exist for permutation tests.  As this study was observational in nature, the result of 

the permutation test is applicable only to the sites analyzed by the author. This 

type of statistical analysis is heavily dependent on the “chance mechanism in 

random assignment” (Ramsey and Schafer 2002, 95) of the existing data.  Thus, 

inferences beyond the conditions presented in the study sites are not permissible.   

 

In addition, the permutation tests conducted by the author only accounted for 

crime rate per 1000 residents and the specified variable.  Unlike the partial F-test 

utilized for assessing the relationship between connectivity and crime, these tests 

did not account for socio-economic factors.   Despite these limitations, the results 

obtained from the randomized tests indicate patterns for further exploration.       

 

The process of the permutation test is straightforward.  Since this statistical 

analysis was a two-sample test, the author devised way to create two-groups for 

each crime type. The author categorized each site based on whether the crimes 

committed per 1000 residents were either below or above the values listed in 

Table 3.2 (on page 33 of this document)  for total crimes, violent crimes, and 
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property crimes, respectively.  Note that the author utilized the project definitions 

of crime categories. 

 

The author paired this data with the pedestrian, bicycle, transit, and roadway 

facility variables listed in Table 4.5.  Using the software program, R, the author 

calculated the t-statistic summarized by the equation: 

  
  ̅   ̅ 

  √ 
 
  

 
 
  

 

 

The software program calculated this equation 10,000 times with randomly 

assigned groupings between the two specified categories.  This repetitive analysis 

provided an adequate distribution of the data set.  The output from the software 

program included the observed t-statistic and a one-sided p-value.  The one-sided 

p-value indicated the number of times (within the 10,000 iterations) the t-statistic 

generated via random assignment was larger or equal to the observed t-statistic.     

   

5.4 Conclusion 

The statistical analyses utilized by the author provided a means to determine the 

existence of a relationship between crime, measures of connectivity, and 

pedestrian measures designed to increase a neighborhood’ walkability.  Results 

generated through these analyses, although unable to generalize to a wider 

population, still provided patterns of relationships to be studied in future research. 
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  CHAPTER 6- RESULTS 

6.1 Introduction 

Utilizing the data reduction methodology and statistical analyses described in this 

thesis, the author found that the relationship for most of the specified connectivity 

measures dealing with the roadway and bicycle facilities network and different 

crime types did not exist.  The randomization tests indicated that several 

engineered features related to crime rates.  

 

This section describes these relationships in detail and defines possible causes for 

the statistical significance and relationship between the pedestrian facilities and 

crime rates.  Also listed within this section is the scope of inference of the study 

and its applicability to the wider population.   

 

6.2 Results of the Extra Sum-of-Squares F-test 

The results of the statistical analysis was inconclusive in determining a 

relationship between connectivity of roadway and bicycle facilities and median 

crime rates after accounting for population density, household density, weighted 

average median income, male population count, and number of individuals under 

the age of 25 within the study sites.  Table 6.1 shows the p-values indicating this 

relationship.   
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The only pairing that showed suggestive (but inconclusive) evidence of a 

relationship was between violent crime and street density for PED1 data (p-value:  

0.0948).  All other values had p-values greater than 0.1000 indicating no evidence 

of a difference between respective base and full models at a 95 percent level.   

 

Table 6.1 Generated p-values from the Extra Sum of Squares F-Test 

 

Connectivity Measure 

Facility 

Type 

Crime 

Type 

Intersection 

Density 

Street 

Density Alpha Beta Gamma 

Roadway 

All Crime 0.2898 0.2477 0.5673 0.6116 0.4609 

Violent 0.5721 0.4651 0.3198 0.3455 0.2371 

Property 0.3783 0.315 0.7402 0.7826 0.634 

Bike 

Facilities 

All Crime 0.7119 0.4082 0.5525 0.4658 0.4650 

Violent 0.9362 0.6196 0.9928 0.8833 0.8904 

Property 0.6811 0.4364 0.5398 0.4688 0.4753 

Pedestrian 

Facilities 

(1) 

All Crime 0.2957 0.1477 0.5288 0.5589 0.5541 

Violent 0.2871 0.0948 0.6005 0.6322 0.6290 

Property 0.6430 0.2959 0.4894 0.5155 0.5114 

Pedestrian 

Facilities 

(2) 

All Crime 0.8906 0.6871 0.6215 0.7770 0.7759 

Violent 0.5510 0.4521 0.5449 0.8545 0.8555 

Property 0.8448 0.6478 0.5579 0.6514 0.6505 

 

Proof against the hypothesis                    ), did not exist 

according to the partial F-test analysis as applied to this data set.  This indicated a 

weak relationship between connectivity measures and different crime rates after 

accounting for socio-economic characteristics at each study site.   
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6.3 Checking the Relationship (Welch’s Two-Sample t-test) 

Delving further into these results of the partial F-test, the author completed a 

series of Welch two-sample t-test on the PED1 data set.  The author attained the 

mean values for each connectivity measure, as shown in Table 6.2.  Using these 

values as a foundation, the author created five new categorical variables.  Each 

categorical value indicated whether each site’s respective connectivity measure 

was either “below” or “above” the listed mean.   

 

Table 6.2 Connectivity Measure and Means 

Connectivity Measure Project Mean 

PED1_INTDENS 132.52 

PED1_SW_DENSITY 29.07 

PED1_ALPHA 0.01 

PED1_BETA 1.10 

PED1_GAMMA 0.34 

 

The response variable for the t-test was the different three-year average crime 

rates, and the explanatory variable was the newly created categorical variable.  

The author completed each analysis separately.  Table 6.3 shows the result of the 

Welch’s two sample t-test computation completed by the author.  Figure 6.1 

shows an example of this categorization of raw connectivity data.  

 

Figure 6.1 Example of categorization of raw connectivity data 
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Convincing evidence existed indicating that sites with connectivity measures 

above the respective project means had higher three-year average crime rates than 

those sites with less than the noted connectivity project means (p-value:  0.0005 to 

0.0091).  The same pattern existed for violent and property crime rates.      

 

Table 6.3 Results of Welch’s Two Sample t-test Analysis on PED1 data 

Crime 

Type Connectivity Measure 

p-

value 

 

Confidence 

Interval 

Group Means 

(Crime per Year) 

"Below" "Above" 

3-Yr 

Avg. of 

All 

Crimes 

PED1_INTDENS 0.0017 ** 39.66 148.31 52.86 146.85 

PED1_SW_DENSITY 0.0005 *** 53.82 158.53 50.77 156.94 

PED1_ALPHA 0.0031 ** 32.91 141.90 52.79 140.19 

PED1_BETA 0.0031 ** 32.91 141.90 52.79 140.19 

PED1_GAMMA 0.0091 ** 21.08 132.81 55.57 132.51 

3-yr 

Avg. of 

Violent 

Crime 

PED1_INTDENS 0.0017 ** 9.71 34.70 6.70 28.90 

PED1_SW_DENSITY 0.0005 *** 13.40 37.70 5.98 31.53 

PED1_ALPHA 0.0023 ** 8.54 32.90 6.64 27.36 

PED1_BETA 0.0023 ** 8.54 32.90 6.64 27.36 

PED1_GAMMA 0.0042 ** 6.65 30.71 7.03 25.71 

3-yr 

Avg. of 

Property 

Crime 

PED1_INTDENS 0.0042 ** 22.54 105.53 44.20 108.23 

PED1_SW_DENSITY 0.0015 ** 31.48 112.56 42.92 114.95 

PED1_ALPHA 0.0069 ** 18.15 101.47 44.00 103.81 

PED1_BETA 0.0069 ** 18.15 101.47 44.00 103.81 

PED1_GAMMA 0.0193 * 9.28 95.14 46.17 98.38 

Significance: 

      *** 0.001 

      ** 0.01 

      * 0.05 

       

 

These results show positive correlation between connectivity measures and 

average crime rates, at least for the PED1 data.  However, limitations of 

applicability and robustness of the results are of great concern with these results.  
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Unlike the multiple linear regression analysis, the two-sample t-test did not 

account for social factors that may affect crime rates.  In addition, the basis of the 

categorical variables was the inherent characteristics of the study sites as opposed 

to a set definition set forth by earlier research or literature.   

 

6.4 Results of the Permutation Tests for Walkability 

The permutation tests conducted analyzing the relationship between specific 

engineered facilities and crime provided great insight into existing patterns 

specific to the sites studied.  Table 6.4, 6.5, and 6.6 show the results of this 

analysis.  These results are indicative only of the sites utilized for this analysis.    

This analysis utilized the crime rate per 1000 residents first indicated in Table 3.2.  

A condensed version of the data presented in Table 3.2 is indicated below: 

 Total Crimes per 1000 Residents (2008-2010 Average):  113.2  

 Total Violent Crimes per 1000 Residents (2008-2010 Average):  20.0 

 Total Property Crimes per 1000 Residents (2008-2010 Average):  87.0   

 

All Crimes 

Considering the average crime rate, the author found that the only engineered 

facility types negatively associated with average crime rate was lateral shift in 

roadway design (p-value:  0.0563) and full street closures (p-value:  0.6508).    

Because both of these facility types obtained large p-values, no evidence indicated 

the existence of a direct correlation between the facility designs and crime rate.     
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Table 6.4 Permutation Test Results (All Crime) 

 
Observed t-stat 1-sided p-value 

 
Pedestrian 

Facilities 

Sidewalk w/ 4-ft Buffer  1.7682 0.0430 * 

Curb Ramps 4.1513 0.0003 *** 

Marked Crosswalks 3.239 0.0021 ** 

Roadway 

Design 

Bicycle Lanes 1.2069 0.1212 

 Lateral Shift -1.7881 0.0563 

 Raised Median 0.6352 0.2700 

 One-Way Street Conversions 0.9012 0.1762 

 
Traffic 

Calming 

Curb Extensions 0.8379 0.2505 

 Crossing Islands 1.2733 0.1594 

 Pavement Treatments 1.1396 0.3913 

 
Traffic 

Mgmt. 

Diverters 0.4608 0.4595 

 Full Street Closure -0.2413 0.6508 

 Partial Street Closure 1.2383 0.4002 

 Signals 

and Signs 

Traffic Signals 2.2192 0.0272 * 

Pedestrian Signals 2.1739 0.0267 * 

Other 

Measures 

Transit Stops (Number) 2.6024 0.0113 * 

Bus Route Length 1.975 0.0351 * 

On-Street Parking 2.2308 0.0173 * 

  
   

     

 

Pedestrian Facilities 4.3794 0.0002 *** 

 

Roadway Design -0.3251 0.3837 

 

 

Traffic Calming 1.372 0.1000 

 

 

Traffic Management 0.6244 0.3680 

 

 

Traffic Signals 2.2121 0.0238 * 

 

According to the results, there was convincing evidence that sites with crime rates 

higher than 113.2 crimes per 1000 resident had greater presence of curb ramps 

than those with lower crimes per 1000 residents (p-value:  0.0003).  Only 

moderate evidence of a similar pattern existed for those areas with greater 

presence of marked crosswalks, traffic and pedestrian signals, on-street parking, 

transit stops, bus routes, and higher percentage of sidewalks with buffers.  P-

values for these variables are in Table 6.4.    
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 The author also combined corresponding variables according to the PEDSAFE 

categories listed in Table 2.3 of this document.  The results indicated that there 

was convincing evidence that study sites with higher than 113.2 crimes per 1000 

residents had higher level of pedestrian facilities (p-value:  0.0002).  This result is 

partially due to the high influence of curb ramps on the analysis.  Moderate 

evidence existed showing that sites with higher than 113.2 crimes per 1000 

residents correlated with higher presence of signalization.   

 

These patterns may be indicative of attributes inherent at each site such as the 

land use included within each study area, the traffic volumes within the inclusive 

sites, or the social patterns indicative of the site.  For example, the analysis 

indicated that sites with higher crime rates correlated with areas with higher use 

of traffic signalization.  Areas with traffic signalization often correlate with areas 

that have relatively high traffic volumes.  Higher volumes, in turn, correlate with 

higher federal functional classification of roads.  Perhaps the relationship 

observed in the statistical analysis reflects this condition and not purely the 

presence of a signal.   

 

Violent Crime 

The patterns generated for violent crimes were similar to those generated for the 

all crimes category as indicated in Table 6.5.  For this analysis, lateral shift in 
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roadway (p-value:  0.0864), raised medians (p-value:  -0.082), crossing islands (p-

value:  -0.6486), and full street closures (p-value:  0.7088) showed a negative 

relationship to crimes committed per 1000 residents.  As noted by the large p-

values associated with each facility, there is no statistical evidence of direct 

correlation between violent crime rates and the listed facility.        

 

There was convincing evidence that sites with greater than 20.0 violent crimes per 

1000 residents had higher number of curb ramps (p-value:  0.0022), and higher 

number of approaches with traffic signals (p-value:  0.0003) and pedestrian 

signals (p-value:  0.0007).  The analysis showed moderate evidence of a 

correlation between sites with higher than 20.0 violent crimes per 1000 residents 

to areas with higher number of marked crosswalks (p-value:  0.0471), areas with 

greater lengths of one-way streets (p-value:  0.0121), and sites with greater 

lengths of bus routes (p-value:  0.0395).   

 

After combining individual facilities into the listed categories, the pedestrian 

facilities (p-value:  0.0031) and traffic signals (p-value <0.001) groups correlated 

with the sites that had higher than 20.0 violent crimes per 1000 residents.  As 

previously discussed, the author cannot identify the origin of these patterns, but 

only acknowledge its existence provided through these statistical analyses.     
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Table 6.5 Permutation Test Results (Violent Crime) 

 
Observed t-stat 1-sided p-value   

Pedestrian 

Facilities 

Sidewalk w/ 4-ft Buffer  0.2783 0.3910   

Curb Ramps 3.2841 0.0022 ** 

Marked Crosswalks 1.846 0.0471 * 

Roadway 

Design 

Bicycle Lanes 1.7589 0.0526   

Lateral Shift -1.5895 0.0864 

 Raised Median -0.082 0.4687 

 One-Way Street Conversions 2.6695 0.0121 * 

Traffic 

Calming 

Curb Extensions 0.9989 0.2013 

 Crossing Islands -0.6486 0.4711 

 Pavement Treatments 1.2638 0.3558   

Traffic 

Mgmt. 

Diverters 0.6616 0.3790   

Full Street Closure -0.0984 0.7088 

 Partial Street Closure 1.3565 0.3579   

Signals 

and Signs 

Traffic Signals 4.9769 0.0003 *** 

Pedestrian Signals 4.6918 0.0007 *** 

Other 

Measures 

Transit Stops (Number) 1.7895 0.0528   

Bus Route Length 1.8827 0.0395 * 

On-Street Parking 0.5228 0.2910   

  
   

     

 

Pedestrian Facilities 3.2546 0.0031 ** 

 

Roadway Design 0.8347 0.2074 

 

 

Traffic Calming 0.6107 0.2807 

 

 

Traffic Management 0.9001 0.2750 

 

 

Traffic Signals 4.887 0.0000 *** 

 

Property Crime 

There were no significant differences of results between the violent crime and 

property crime groups.  Like the other two groups, lateral shift produced a 

negative relationship to crime rate as indicated in the negative observed t-statistic 

(p-value:  0.1148).  Also indicating a negative relationship to crime rate was 

pavement treatment (p-value:  0.4453) and partial street closure (p-value:  

0.6773).  Notably, the p-values are also large, which indicated that little to no 
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statistical evidence supported the relationship between crime rate and the 

respective engineered facility. 

 

Table 6.6 Permutation Test Results (Property Crime) 

 
Observed t-stat 1-sided p-value   

Pedestrian 

Facilities 

Sidewalk w/ 4-ft Buffer  0.4112 0.3497   

Curb Ramps 2.4221 0.0179 * 

Marked Crosswalks 4.0869 0.0003 *** 

Roadway 

Design 

Bicycle Lanes 0.2515 0.3909   

Lateral Shift -1.4019 0.1148 

 Raised Median 0.8319 0.2083 

 One-Way Street Conversions 2.2235 0.0270 * 

Traffic 

Calming 

Curb Extensions 1.1799 0.1620   

Crossing Islands 1.4365 0.2044 

 Pavement Treatments -0.754 0.4453   

Traffic 

Mgmt. 

Diverters 0.0642 0.5981 

 Full Street Closure 0.0506 0.7078 

 Partial Street Closure -0.6782 0.6773   

Signals 

and Signs 

Traffic Signals 3.8084 0.0018 ** 

Pedestrian Signals 4.1153 0.0009 *** 

Other 

Measures 

Transit Stops (Number) 1.3744 0.1104   

Bus Route Length 1.4876 0.0792 

 On-Street Parking 2.7429 0.0061 ** 

  
   

     

 

Pedestrian Facilities 2.8301 0.0077 ** 

 

Roadway Design 0.5253 0.2999 

 

 

Traffic Calming 1.7933 0.0536 

 

 

Traffic Management -0.1301 0.5896 

 

 

Traffic Signals 4.0035 0.0014 ** 

 

The only analyses which produced convincing evidence of association between 

sites with greater than 87.0 property crimes per 1000 residents and greater 

presence of specific facility type was marked crosswalks (p-value:  0.0003), 

traffic signals (p-value:  0.0018), pedestrian signals (p-value:  0.0009), and length 
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of on-street parking (p-value:  0.0061).  There was moderate evidence that areas 

with higher than 87.0 crimes per 1000 residents was associated with presence of 

more curb ramps (p-value:  0.0179) and one-way streets (p-value:  0.0270).   

 

When variables combined for the facility groupings, moderate evidence showed 

that greater presence of pedestrian facilities (p-value:  0.0077) and traffic signals 

(p-value:  0.0014) was correlated to areas with higher than 87.0 crimes per 1000 

residents.   

 

6.5 Conclusion 

The correlations generated through these statistical analyses are applicable only to 

the sites studied for this thesis.  However, the patterns generate provide a basis for 

future research.  The author notes that other methods existed which may improve 

the analyses and generate results that are more robust.     

 

The partial F-test completed via linear regression indicated weak statistical 

relationship between crime and network connectivity.  This may be due to the 

data itself, or it can be due to other factors such as the relatively small sample size 

utilized for analyses.   

 

Theoretically, the city of Spokane has a total “population” of 306 quarter-mile 

buffer sites.  The author attained this value by taking the total area encompassed 
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within the city boundary, 1.673x10
9
 square feet, and dividing it by the average 

area of 5.474x10
6
 square feet encompassed within each study site.  To attain 

results with a 95% Confidence Interval and a 3 percent margin of error with this 

total ‘population’ size, the author theoretically needed a sample size of 

approximately 85 quarter-mile buffer sites.  Utilizing a sample size of 85 enables 

statistical representation of conditions within the city of Spokane as a whole.   

 

Table 6.7   Minimum Sample Size for Continuous Data 

 

Sample Size (Continuous Data) 

 

Margin of error = 0.03 

Population 

Size 

alpha = 

0.10 

alpha = 

0.05 

alpha = 

0.01 

  t= 1.65 t = 1.96 t = 2.58 

100 46 55 68 

200 59 75 102 

300 65 85 123 

Note:  Table adapted from “Table 1:  Table for determining minimum returned 

sample size for a given population size for continuous and categorical data 

(Bartlett, Kotrlik, and Higgins 2001, 48). 

 

Another way to determine sample size is using a ratio based on the number of 

independent variables utilized within the analysis.  In each of the full models, the 

author utilized six regressors.  With a 10:1 ratio, the minimum sample size is 60 

quarter-mile buffers.  

 

The sample size, 25 quarter-mile buffer sites, utilized for this study was small in 

comparison to the optimal sample sizes listed.  Limitations of time, data, 
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personnel, and other resources prevented the completion of analysis of a larger 

data set.  As noted in the data reduction portion of this thesis, the lack of 

pedestrian network data limited the author’s ability to look at more sites.   

 

The author depended largely on existing literature to provide explanatory 

variables and the definitions associated with such variables.  Different 

operationalization of variables, such as using age groups instead of counting just 

the population of individuals under the age of 25, may improve the overall model 

and fit.     

 

In terms of the connectivity variables, different connectivity measures may show 

stronger or different relationship with crime rates. In addition, the author utilized 

two different definitions of links at intersections for the two pedestrian data sets.  

Defining ‘links’ or ‘nodes’ differently changes the results of the analysis, but it 

may provide greater insight into the relationship between crime rate and 

connectivity.   

 

Another limitation associated with the study is the maximum number of 

intersection links defined for the pedestrian facility data sets.  For an intersection 

with four approaches, it can be argued that there actually exists links providing 

access to each street corner.  Due to the planar assumption made by the author, 
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intersecting lines could not be counted in the measures utilizing graph theoretical 

concepts. 

 

For both the Welsh two-sample t-test and the permutation test, the author 

generated categories based on means of existing site data as opposed to defined 

groupings in past research or literature.  The definition of “higher” crime rates 

was subjective to site-specific conditions.  This, along with the statistical methods 

utilized, limited the opportunity to infer the results to only the sites studied for 

this thesis.    
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CHAPTER 7- CONCLUSION 

Despite the limited applicability of the results generated within this thesis, the 

patterns in this observational study provided suggestions for future research.  In 

addition, the data generated for the models may be applied to other works.   

 

The partial F-test showed little to no evidence of a relationship between different 

crime rates and five specific connectivity measures after taking into account 

social factors identified in literature as affecting crime location.  Further analysis 

using a two-sample t-test for one data set indicated that crime rates differed 

amongst different groupings of connectivity measures.  These groupings, based on 

whether the site had more or less than the mean value for the specified 

connectivity variable amongst the sties studied, clearly showed different mean 

crime rates.   

 

Further research of connectivity and crime may determine whether different 

measures of connectivity (e.g. block density, pedestrian route directness, 

connected-node ratio, etc.) develop different relationships to crime.  In addition, 

not included within this analysis is the effect of traffic volume on crime.  A 

statistical analysis noting the relationship between connectivity and volume of 

users for modal-specific infrastructure utilize very similar methods described 

within this thesis.  The data set for such an analysis is very similar to the sets 
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utilized for this study.  The same analysis looking at the relationship between 

volumes of users to crime rates may produce interesting results.       

 

The walkability analysis showed that specific engineered measures correlated 

with “higher” crime rates.  Due to the nature of the data and the statistical 

methods utilized to analyze the data, inference to wider populations cannot occur.  

However, the patterns generated in the results showed promising paths for future 

research.   

 

The pedestrian facilities indicated in this study appear to correlate strongly to 

crime rates as defined within the study.  Finding the cause for this correlation may 

provide greater insight into how the built environment correlates with social 

issues and crime.  With a larger sample size, do the negative correlations between 

specific facilities such as lateral shifts of roadways and traffic calming devices 

such as pavement treatments become stronger?  The answer may provide a means 

to advocate or criticize different urban designs such as Neo-Urbanism or Crime 

Prevention Through Environmental Design (CPTED).   

 

Another interesting supplement to this research is the effect of public transit to 

crime.  Instead of random locations, a future study can specifically look at transit 

infrastructure to see whether connectivity measures and walkability features 
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correlate to higher personal security risk.  Such a study may address concerns 

associated with public transit in urban areas.   

 

In all, this study provided original research connecting fields of engineering, 

planning, and criminal science.  The relationship between the built environment 

and social sciences is often separated into disconnected silos.  At the very least, 

looking at the effect of connectivity of the transportation networks designed by 

engineers on a specific social condition, crime, builds a small bridge between 

such silos. 
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APPENDIX A- STUDY SITES 
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Figure A.1 Study Site 01 
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Figure A.2 Study Site 02 
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Figure A.3 Study Site 03 
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Figure A.4 Study Site 04 
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Figure A.5 Study Site 05 
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Figure A.6 Study Site 06 
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Figure A.7 Study Site 07 
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Figure A.8 Study Site 08 
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Figure A.9 Study Site 09 
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Figure A.10 Study Site 10 
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Figure A.11 Study Site 11 
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Figure A.12 Study Site 12 
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Figure A.13 Study Site 13 
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Figure A.14  Study Site 14 
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Figure A.15 Study Site 15 
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Figure A.16 Study Site 16 
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Figure A.17 Study Site 17 
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Figure A.18 Study Site 18 
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Figure A.19 Study Site 19 
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Figure A.20 Study Site 20 
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Figure A.21 Study Site 21 
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Figure A.22 Study Site 22 
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Figure A.23 Study Site 23 
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Figure A.24 Study Site 24 
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Figure A.25 Study Site 25 
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APPENDIX B- OUTPUTS FOR PARTIAL F-TEST 

 

Note:  All of the socio-economic variables utilized for base model are natural-log 

transformed.  Connectivity variable utilized in full model has no transformations.   

 

 

       
                                   

 
         

      
 

 

 

 Table B.1 F-Stat Inputs for Auto-based Transportation Network   

 

              SSDres df(full) F-stat p-value 

AUTO 

(Total 

Crime) 

soc (red) 3.60898 19 

  INT_INTDENS (full) 3.38528 18 1.18944 0.28983 

AUTO_ST__DENSITY 

(full) 3.34384 18 1.42726 0.24772 

ALPHA_AUTO(full) 3.54216 18 0.33956 0.56731 

BETA_AUTO (full) 3.55621 18 0.26710 0.61158 

GAMMA_AUTO (full) 3.49869 18 0.56742 0.46090 

AUTO 

(Violent) 

soc (red) 10.7275 19     

INT_INTDENS (full) 10.5337 18 0.33117 0.57210 

AUTO_ST__DENSITY 

(full) 10.4054 18 0.55712 0.46506 

ALPHA_AUTO(full) 10.138 18 1.04666 0.31983 

BETA_AUTO (full) 10.1959 18 0.93853 0.34549 

GAMMA_AUTO (full) 9.90444 18 1.49580 0.23709 

AUTO 

(Property) 

soc (red) 3.0632 19     

INT_INTDENS (full) 2.93041 18 0.8157 0.37838 

AUTO_ST__DENSITY 

(full) 2.89159 18 1.0683 0.31503 

ALPHA_AUTO(full) 3.04402 18 0.1134 0.74018 

BETA_AUTO (full) 3.04991 18 0.0784 0.78262 

GAMMA_AUTO (full) 3.0238 18 0.2345 0.63402 
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Table B.2 F-Stat Inputs for Bicycle-based Transportation Network   

 

 

              SSDres df(full) F-stat p-value 

BIKE 

(Total 

Crime) 

soc (red) 3.609 19 

  BIKE_INTDENS (full) 3.581 18 0.1407 0.71193 

BIKE_DENSITY (full) 3.4707 18 0.7173 0.40816 

ALPHA_BIKE (full) 3.537 18 0.3664 0.55252 

BETA_BIKE (full) 3.501 18 0.5553 0.46579 

GAMMA_BIKE (full) 3.5006 18 0.5574 0.46495 

BIKE 

(Violent) 

soc (red) 10.7275 19     

BIKE_INTDENS (full) 10.7236 18 0.00660 0.93616 

BIKE_DENSITY (full) 10.5776 18 0.25517 0.61958 

ALPHA_BIKE (full) 10.7275 18 0.00008 0.99279 

BETA_BIKE (full) 10.7143 18 0.02216 0.88332 

GAMMA_BIKE (full) 10.7159 18 0.01952 0.89044 

BIKE 

(Property) 

soc (red) 3.0632 19     

BIKE_INTDENS (full) 3.0338 18 0.17443 0.68114 

BIKE_DENSITY (full) 2.95903 18 0.63367 0.43638 

ALPHA_BIKE (full) 2.99813 18 0.39066 0.53979 

BETA_BIKE (full) 2.97274 18 0.54774 0.46879 

GAMMA_BIKE (full) 2.97531 18 0.53172 0.47527 
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Table B.3 F-Stat Inputs for PED1-based Transportation Network   

 

 

              SSDres df(full) F-stat p-value 

PED1 

(Total 

Crime) 

soc (red) 3.609 19 

  PED1_INTDENS 3.3905 18 1.16001 0.29569 

PED1_SW_DENSITY 3.2019 18 2.28858 0.14769 

PED1_ALPHA 3.52813 18 0.41259 0.52876 

PED1_BETA 3.53927 18 0.35463 0.55892 

PED1_GAMMA 3.53755 18 0.36356 0.55406 

PED1 

(Violent) 

soc (red) 10.7275 19     

PED1_INTDENS 10.0553 18 1.20331 0.28712 

PED1_SW_DENSITY 9.14766 18 3.10868 0.09484 

PED1_ALPHA 10.5608 18 0.28414 0.60052 

PED1_BETA 10.588 18 0.23714 0.63216 

PED1_GAMMA 10.5854 18 0.24160 0.62899 

PED1 

(Property) 

soc (red) 3.06324 19     

PED1_INTDENS 2.9735 18 0.54323 0.47059 

PED1_SW_DENSITY 2.87792 18 1.15909 0.29587 

PED1_ALPHA 2.98071 18 0.49838 0.48948 

PED1_BETA 2.99015 18 0.43998 0.51554 

PED1_GAMMA 2.9887 18 0.44893 0.51135 
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Table B.4 F-Stat Inputs for PED2-based Transportation Network   

 

 

  
              SSDres 

df 

(full) F-stat p-value 

PED2 

(Total 

Crime) 

soc (red) 3.609 19 

  PED2_INTDENS 3.6051 18 0.01947 0.89057 

PED2_SW_DENSITY 3.5757 18 0.16763 0.68706 

PED2_ALPHA 3.5591 18 0.25237 0.62150 

PED2_BETA 3.5925 18 0.08267 0.77699 

PED2_GAMMA 3.5923 18 0.08368 0.77568 

PED2 

(Violent) 

soc (red) 10.7275 19 

  PED2_INTDENS 10.5119 18 0.36918 0.55104 

PED2_SW_DENSITY 10.3866 18 0.59078 0.45209 

PED2_ALPHA 10.5052 18 0.38090 0.54485 

PED2_BETA 10.7069 18 0.03463 0.85445 

PED2_GAMMA 10.7072 18 0.03413 0.85550 

PED2 

(Property) 

soc (red) 3.0632 19 

  PED2_INTDENS 3.0565 18 0.03946 0.84477 

PED2_SW_DENSITY 3.0269 18 0.21586 0.64778 

PED2_ALPHA 3.0037 18 0.35656 0.55786 

PED2_BETA 3.0277 18 0.21105 0.65144 

PED2_GAMMA 3.0275 18 0.21225 0.65052 
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APPENDIX C- CODEBOOK 
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Table C.1  Crime Categories 

 

Category General Offense Specific Offense 

Violent 

Crime 

Murder 
Death-Homicide 

Death-Manslaughter 

Robbery 

Carjacking 

Robbery 

Bank 

Commercial 

Assault 

Assault- 1st Degree 

Assault- 2nd Degree 

Assault- 3rd Degree 

Assault- 4th Degree/City 

Property 

Crime 

Burglary 

Commercial 

Garage 

Possession of Tools 

Residential 

Theft 

Theft 

Identity 

Of Mail 

Shoplifting 

Vehicle Theft 

Auto Parts 

Plates/Tabs 

Cars/Trucks 

Other 

Vehicle Prowling Vehicle Prowling 

Arson Arson 

Malicious Mischief Malicious Mischief 

Other 

Crime 
Drugs 

Delivery 

Manufacturing 

Possession of Paraphernalia 

Possession 

Selling 
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Table C.2 Federal Functional Classification of Roadways 

 

Area 

General 

Functional 

System 

Federal Functional 

Classification 

Project 

Code 

Rural 

Interstate Rural Interstate FFC_01 

Arterial 
Rural- Principal-Arterial FFC_02 

Rural -Minor-Arterial FFC_06 

Collector 

Road 

Rural-Major-Collector FFC_07 

Rural-Minor-Collector FFC_08 

Local Road Rural-Local R_Local 

Rural-

Proposed 

Arterial Road 
Rural-Principal-Arterial FFC_22 

Rural-Minor-Arterial FFC_26 

Collector 

Road 

Rural-Major-Collector FFC_27 

Rural-Minor-Collector FFC_28 

Urban 

Interstate Urban Interstate FFC_11 

Arterial 
Urban-Principal-Arterial FFC_12 

Urban-Minor-Arterial FFC_14 

Collector 
Urban-Major-Collector FFC_16 

Urban-Minor-Collector FFC_17 

Local Street Urban-Local U_Local 

Urban- 

Proposed 

Interstate 
Other Freeway 

Expressway FFC_32 

Arterial 
Other Principal Arterial FFC_34 

Minor Arterial FFC_36 

Collector Collector FFC_37 
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Table C.3 Land Use Classifications 

 

General 

Zoning 

Categories Zoning Classification Description 

Project 

Code 

Residential 

Agricultural RA 

Single Family RSF 

Two-Family RTF 

Multi-Family RMF 

High Density RHD 

Commercial 

Office  O 

Office Retail OR 

Neighborhood Retail NR 

Neighborhood Mixed Use NMU 

Community Business CB 

General Commercial GC 

Center and 

Corridor 

Pedestrian Emphasis/Auto Accommodating CC1 

Pedestrian Enhanced/Auto Accommodating CC2 

Center and Corridor Overlay CC3 

Mixed Use Transition Zone CC4 

Downtown 

Core DTC 

General DTG 

University DTU 

South DTS 

Industrial 

Light  LI 

Heavy HI 

Planned PI 
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APPENDIX D:  ESTIMATES FOR PARTIAL F-TEST MODELS 
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