Journal of Transport and Land Use 1:2 (Fall 2008) pp. 89-119
Available at htep://jtlu.org J I LU

The role of urban form in shaping access to opportunities

An exploratory spatial data analysis
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Abstract: This study employs a suite of accessibility indices to investigate whether American
cities are designed in such a way that the locations of goods, services, and other opportunities
favor certain socio-economic groups over others. In so doing, the study’s findings contribute
to pressing policy issues such as social exclusion. Seven counties of the Louisville, Kentucky-
Indiana MSA serve as the study area for the investigation. Data are derived from three sources:
a geocoded travel diary survey, a geocoded database of all opportunities in the area, and a
database of shortest-path travel times. Accessibility indices (gravity, cumulative opportunity,
and proximity) are defined for 34 types of opportunities: four aggregate types and 30 disag-
gregate types representing the 10 most popular destinations for trips for each of the first three
aggregate types. These indices are computed for households that responded to the trip-diary
survey. Non-parametric Wilcoxon rank sum tests are used to compare the levels of accessibil-
ity experienced by five socio-economic groups (i.e., individuals residing in rural communities,
individuals residing in single-person and single-parent households, individuals residing in low-
income households, women, and the elderly) to counterpart groups. Except for individuals
residing in rural areas, the findings of this study indicate that groups conventionally consid-

ered to be at risk of social exclusion are not disadvantaged in terms of accessibility.

Keywords: Accessibility; Urban structure; Activities; Exclusion.

1 Introduction

There is growing concern over the ability of individuals living in urban environments
to effectively access the goods, services, and other opportunities needed to sustain their
well-being and participate fully in society (Kwan etal. 2003). Many factors potentially
affect the ability of individuals to reach their desired destinations and thus fulfill basic
life needs, including individuals’ personal characteristics and time constraints (Miller
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2007), the effectiveness of the local transportation system and the availability of trans-
port choices (Handy 1996; Murray 2001), and the structure of the city itself (Levinson
1998; Sultana 2002). These factors interact with one another to determine a given in-
dividual’s level of access to opporortunities, but at a basic level, it is the city’s design or
form—how its activities are organized spatially—that conditions personal accessibility
and exclusion.

While a great deal of literature has explored aspects of urban form and accessibility,
much of it has focused on people’s access to job opportunities (e.g., Hess 2005; Horner
2004; Sultana 2002; Wang and Minor 2002). There has been far less emphasis on un-
derstanding people’s access to other important opportunities such as grocery stores,
hospitals, child care centers, etc. At issue is that if individuals or groups of individuals
are disproportionately unable to access such destinations and activities, then they may
be excluded from full participation in society. Within the emerging literature on social
exclusion (Casas 2007; Church et al. 2000; Kenyon et al. 2002; McCray and Brais
2007; Schonfelder and Axhausen 2003; Social Exclusion Unit 2003), some have sug-
gested that groups such as the elderly, the poor, and the disabled, among others, are
more at risk of becoming isolated in this manner. Such arguments beg the question
of whether urban form itself plays a direct role in restricting accessibility, or to put it
another way, whether cities are designed in such a way that the locations of needed
activities and opportunities favor certain groups over others.

To address this question, we perform exploratory spatial analysis to examine vari-
ation in people’s accessibility to opportunities, focusing strictly on the structure of the
city and its spatial organization. This work seeks to determine whether accessibility dif-
ferences due to urban form manifest themselves across certain socio-economic groups.
The definition of city structure or urban form adopted in this investigation is purpose-
fully broad, and includes all locations other than private residences where individuals
can engage in activities unrelated to employment or education. These locations, re-
ferred to as opportunities, include places such as grocery stores, hospitals, post offices,
and churches, to name a few. The relationship between urban form and individuals
is operationalized in our study through a variety of GIS-based accessibility indices de-
rived with respect to the residences of individuals contained in a detailed travel diary
survey for the year 2000.

To disentangle accessibility and urban form from mobility, all measures are esti-
mated using uncongested street network travel times between residences and potential
activity locations. In this manner, the spatial nature of urban form can be assessed
for all individuals in a common fashion irrespective of the mobility tools and options
available to them (i.e., personal cars, bus passes/tickets, etc.). Clearly, having better
mobility tools (e.g., owning a car vs. relying on walking) alters personal accessibility,
and these tools confer advantages on those who have them. However, the intention of
this study is to explore how different groups of individuals vary in their geographical
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proximity to opportunities—mobility is a separate consideration that is not taken up
here.

The area studied in this research consists of seven counties of the Louisville, Kentucky-
Indiana MSA (Metropolitan Statistical Area). Louisville is a mid-sized MSA with a
well-defined urban core and several decentralized activity centers, and thus is repre-
sentative of the typical American city. Empirically, our approach is to calculate and
compare accessibility indices for several population groups. In each comparison, a
group suggested by the literature as being at risk of social exclusion is compared to its
counterpart (e.g., females vs. males). The goal of this analysis is to determine whether
urban form presents itself differently to the population groups usually thought to be
at risk of low accessibility and exclusion. Schénfelder and Axhausen (2003) have used
a similar comparative framework in their analysis of activity spaces.

A key feature of this analysis is that it is tied directly to spatially disaggregate data
assembled within a geographic information system (GIS). In essence, the data used in
this study are frameless because the analysis is based on individually geocoded house-
holds and opportunities, in contrast to previous studies that have relied on data aggre-
gated to zones (e.g., Church et al. 2000; Shen 1998, 1999, 2001). In other words,
the accessibility indices in this research are derived for individuals, not zones, avoiding
any complications that can result from the well-known modifiable areal unit problem
(MAUP) (Horner and Murray 2002; Péez and Scott 2004). Furthermore, the oppor-
tunities may be classified by four-digit Standard Industrial Classification (SIC) codes,
making it possible to derive both aggregate and disaggregate accessibility indices by
type. In total, indices for four aggregate types of opportunities (i.e., retail, service,
leisure, and religious) and 30 disaggregate types (i.e., the 10 most popular destinations
for retail, service, and leisure) are computed. Lastly, three types of accessibility indices
are computed: negative exponential, cumulative opportunity (i.e., travel time intervals
of one, two, five, 10, 15, and 20 minutes), and proximity.

2 Background

A substantial body of recent research has dealt with issues of accessibility in a vari-
ety of contexts (Sadahiro 2005). One clear strand of research emanates from Higer-
strand’s (1970) pioneering work and looks at how individuals” space-time constraints
contributes to the level of accessibility they experience (Kwan etal. 2003; Miller 2007).
Among their contentions, researchers dealing with this aspect of accessibility stress that
demands on people’s time (e.g., having to work) and their other personal characteris-
tics (e.g., the nature of an individual’s household responsibilities) hinders their ability
to reach needed goods and services. Other, less human-centered lines of inquiry have
investigated how the configuration and operation of transport systems affect the acces-

sibility of locations (Horner 2004; Linneker and Spence 1992). Martin et al. (2004),
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for example, devise a data envelopment analysis (DEA) application to measure the ben-
efits of competing rail transport infrastructure configurations. Even more fundamen-
tally, some researchers have probed whether there are sufficient transport alternatives
available to people, arguing that accessibility via the system begins with having access
to the system (e.g., Wu and Murray 2005).

The concept of opportunities is common to virtually all studies of accessibility. Op-
portunities for conducting activities are distributed in space; persons wish to reach these
opportunities in order to fulfill their needs and desires. The spatial arrangement of op-
portunities within the city is generally referred to as urban form. Urban form is an
increasingly complex proposition (Dear and Flusty 1998), with low density residential
sprawl dominating many metropolitan landscapes in the United States (Tsai 2005).
At the same time, the business owners, entrepreneurs, governments, and other public
and private entities who provide needed opportunities do so at locations chosen for
practical or profit-maximizing objectives, and not necessarily based on social welfare
or equity concerns. This results in a patchwork urban landscape in which individu-
als or groups may be disproportionately disadvantaged in terms of their proximity to
needed activities when compared to other groups. The problem of such “mismatch”
has been well-studied with respect to whether or not there are sufficient proximate job
opportunities for minorities (Dawkins et al. 2005; Shen 1998, 1999, 2001). We con-
tend that research is needed in order to understand whether or not mismatches exist
with respect to the accessibility of goods and services.

Increasingly, accessibility and its measurement have been discussed in the con-
text of larger concerns about social exclusion. Social exclusion is a broad concept in-
tended to capture individuals’ lack of participation within society (Murie and Musterd
2004). Certain groups, based on their characteristics and circumstances, are commonly
thought to be at risk of exclusion. These groups include, among others, the elderly,
low-income earners, single parents, disabled individuals and women (Schonfelder and
Axhausen 2003; Wrigley et al. 2002).

Previous studies, largely conceptual in nature, have suggested that social exclusion
is reinforced by the difficulty of reaching opportunities from a given location (Church
etal. 2000; Kenyon et al. 2002; Social Exclusion Unit 2003). In other words, accessi-
bility has been identified as a potential indicator of social exclusion. In fact, accessibility
is incorporated (albeit in a limited way) into the Index of Multiple Deprivation (IMD),
which is used to measure social exclusion for areal units in the United Kingdom.

Researchers have suggested many factors as contributors to low accessibility and so-
cial exclusion. Kenyon et al. (2002), for example, list a series of factors organized into
nine “dimensions” or categories, including economic, social, political, personal, resi-
dential, temporal, and mobility-related factors. Of these, there is consensus in recent
years that transportation systems can play a key role in mitigating social exclusion by
affording individuals mobility, which allows them to access desired goods and services
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(Church et al. 20005 Social Exclusion Unit 2003). At the same time, the changing,
complex and dispersed nature of urban form that characterizes contemporary cities ob-
fuscates the relationship between transportation and social exclusion. Not only does
this situation increase the generalized cost of travel for persons at risk of exclusion
(Schonfelder and Axhausen 2003), it also renders effective planning for transportation
and mobility difficult. Thus, urban form may play a direct role in fostering social exclu-
sion. Evidence gathered from recent studies of “food deserts” in the United Kingdom
suggests that this may indeed be the case (Wrigley 2002; Wrigley et al. 2002).

Overall, however, it appears that mobility has dominated the research agenda in the
area of transport and social exclusion (Wu and Hine 2003). Studies focusing on mo-
bility suggest that differences in access to mobility tools can reinforce social exclusion
(Social Exclusion Unit 2003). In the United Kingdom, for example, some individuals
without a car identify transport as a barrier hindering their access to service, retail, and
leisure opportunities (Social Exclusion Unit 2003). Improvements in public transit are
suggested to counter this problem. A smaller percentage of individuals with cars are
also known to have problems accessing the same opportunity types (Social Exclusion
Unit 2003). These findings suggest that social exclusion is affected by the spatial distri-
bution of opportunities relative to residential locations (i.e., urban form) in addition
to differences in mobility tool ownership, and thus that accessibility and mobility must
be examined separately as drivers of social exclusion.

In recent years, a few studies have emerged emphasizing poor accessibility as a
contributor to, and therefore an indicator of; social exclusion (Church et al. 2000;
Social Exclusion Unit 2003). In the majority of these studies, measures of accessibility
are derived for spatial areas, rather than for individuals. This is indeed the case in the
study by Church et al. (2000) examining transport and social exclusion in London.
While it develops a rich conceptual framework from which to theorize social exclusion,
the study is limited by its aggregate approach. Specifically, predefined areas are assumed
to be at risk of social exclusion. This design seems to exemplify the ecological fallacy,
because not all residents of an area are at risk of social exclusion, nor do all residents
have equal access to opportunities. Further, the study does not precisely define the
specific opportunities that are measured in the accessibility assessment.

The importance of deriving measures for individuals (rather than for geographic
areas) in this type of research is articulated in research by Schénfelder and Axhausen
(2003) focusing on the activity spaces of individuals. Among the questions the re-
searchers consider is whether or not cases of social exclusion can be identified based
on the activity space geometries of individuals. Among the notable findings of that
research is that several of the groups that conventional wisdom would suggest are at
risk of social exclusion (e.g., the elderly, low-income persons, and women) had activ-
ity spaces that did not differ markedly from the activity spaces of other groups. This
result suggests several interesting possibilities. One is that the described geometric ap-
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proaches may not be suitable proxies for social exclusion. If these measures are, in fact,
performing well, then a second possibility is that conventional wisdom should be re-
examined because the groups past experience would suggest are at risk were found not
to be so (at least in this one case study). Placing a greater emphasis on the relative lo-
cations of the individuals under study and the characteristics of opportunities around
them might have helped to sort out some of these difficulties. In other words, how
were activity spaces influenced by the urban area in which they were situated, and how
did this influence vary across the urban area?

To summarize, there has been a great deal of interest in the topic of accessibility, as
evidence suggests its growing relevance for understanding pressing policy issues such
as social exclusion. Although a substantial amount of research has been carried out
on accessibility, detailed analyses of the activity locations comprising important op-
portunities have yet to be undertaken. The following sections describe such a study,
consisting of exploratory GIS-based analysis of several rich spatial data sources.

3 Data

The data used in this study are derived from three sources: a travel diary survey con-
ducted on behalf of the Kentuckiana Regional Planning and Development Agency
(KIPDA) by ETC Institute (2001) for five counties (Bullitt, Clark, Floyd, Jefferson,
and Oldham) in the Louisville KY-IN MSA in 2000 (Fig. 1); a geocoded database of
all opportunities (i.e., potential destinations for trips, such as grocery stores, hospitals,
post offices, and churches, to name a few) in an expanded study area! (Fig. 1); and a
database containing shortest-path travel times between households and opportunities.

The survey of the the five-county area covered 4,383 houscholds containing 9,787
persons, of which 8,393 were at least 16 years of age. Like other trip diary surveys,
the one conducted in Louisville included data on the socio-economic characteristics of
the households and all their members age five and up. A basic suite of trip purposes
was used to classify trips: work, work-related, school, school-related, shopping, eating
out, medical, pick-up/drop-off, religious, recreation, and other. Trip origins and trip
destinations were geocoded, and respondents also reported the names of destinations.

The opportunity database was derived from data obtained from ReferenceUSA?

! The study area was expanded to include opportunities in two additional Indiana counties—Harrison
and Scott. This was done to reduce potential boundary effects in the analysis after a preliminary investi-
gation of trip start and end locations revealed some interaction with these counties.

2 Increasingly, opportunity databases developed from ReferenceUSA and other commercial sources
are being used to support a wide variety of research. For instance, Copperman and Bhat (2007) used a
geocoded ReferenceUSA database for San Francisco to calculate the number of opportunities by type (e.g.,
restaurants, grocery stores, etc.) within one mile of an individual’s residence. These data were then used
as explanatory variables in their study of children’s weekend physical activity participation. On the other
hand, for her study concerning social exclusion and the disabled, Casas (2007) developed a geocoded
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Figure 1: Study area consisting of seven counties of the Louisville (KY-IN) MSA.
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(infoUSA, 2000). This database contains not only the locations and names of oppor-
tunities in the seven-county study area, but also information on the places themselves
such as a six-digit Standard Industrial Classification (SIC) code (which defines the
type of economic activity taking place at the opportunity) and a numerical category
for number of employees. A total of 34,440 unique opportunities were included in
the database. The geocoded trips from the trip diary survey were matched to the SIC
codes in the opportunities database, providing information necessary to compute the
gravity measure of accessibility described in the next section.

Only 20,133 of the more than 34,000 opportunities included in the database were
used in our analysis. The reason for this is that the accessibility measures are derived
for non-work, non-school travel, so opportunities used must correspond to potential
destinations for such travel (Handy and Niemeier 1997). A thorough review of SIC
codes at the four-digit level resulted in the codes found in Table 1 being included in our

opportunity database for the Buffalo-Niagara region of New York using data obtained from the Internet
Yellow Pages.
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analysis. These opportunities were classified into four groups: retail, service, leisure,
and religious (densities are shown in Fig. 2). As expected, the service classification
contained the greatest number of opportunities—approximately 50 percent of the to-
tal number. This was followed by retail (27 percent), leisure (16 percent), and religious
(7 percent). One item of note when viewing Table 1 is that educational services are
included in the leisure category. The reason for this is that schools are not only destina-
tions for school trips, but are also destinations for recreation, meetings, etc. An analysis
of data from the trip diary survey confirmed that many trips coded as “recreation” were
made to schools.

Figure 2: Density of urban opportunities by type.
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The final source of data used in the analysis was a database of shortest-path free-
flow travel times between the 4,383 household locations and the 20,133 opportunity
locations (a total of 88,242,939 travel times). TransCAD 3.61 (Caliper Corporation,
2000), a GIS software package for transportation analysis, was used to compute these
travel times using a Dynamap/Transportation 4.0 (Geographic Data Technology Inc.,
2002) network obtained for the study area.

4 Accessibility Measures of Urban Form

Many types of accessibility measures could potentially be used in an analysis of urban
form. In general, accessibility measures fall into two groups: integral measures, which
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Table 1: Two-digit SIC codes used to select urban opportunities for analysis.

52 Building materials, hardware, garden supply, and 431
mobile home dealers
53 General merchandise stores 146
Retail 54 Food stores 766
55 Automotive dealers and gasoline service stations 881
56 Apparel and accessory stores 426
57 Home furniture, furnishings and equipment stores 781
59 Miscellaneous retail 1,919
072 Agricultural services 228
43 United States Postal Service 60
60° Depository institutions 520
6lc Non-depository credit institutions 313
62 Security and commodity brokers, dealers, 225
exchanges and services
Service 64 Insurance agents, brokers and service 800
654 Real estate 713
72 Personal services 1,883
75¢ Automotive repair, services and parking 1,125
76 Miscellaneous repair services 422
80f Health services 2,058
81 Legal services 674
83 Social services 1,110
58 Eating and drinking places 1,719
78g Motion pictures 69
79 Amusement and recreation services 592
Leisure 82 Educational services 618
84 Museums, art galleries, and botanical and 23
zoological gardens
86h Membership organizations 268
Religious 861 Membership organizations 1,363
Total 20,133

2 Includes 0742 (veterinary services for animal specialties) and 0752 (animal specialty services,
except veterinary) only.

b Excludes 601 (Central Reserve depository institutions).

¢ Excludes 615 (business credit institutions).

4 Includes 653 (real estate agents and managers) only.

¢ Excludes 752 (automobile parking).

f Excludes 807 (medical and dental laboratories) and 808 (home health care services).

g Includes 783 (motion picture theaters) and 784 (video tape rental) only.

b Includes 864 (civic, social and fraternal associations), 865 (political organizations) and 869
(membership organizations, not elsewhere) only.

! Includes 866 (religious organizations) only.
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are computed relative to a single location in space (Kwan 1998; Handy and Niemeier
1997; Hansen 1959; O’Kelly and Horner 2003; Wachs and Kumagai 1973; Wick-
strom 1971); and space-time measures, which are based on the spatio-temporal con-
straints of individuals (Burns 1979; Kwan 1998; Miller 1991; Scott 2006; Weber and
Kwan 2002). Because the research presented in this paper focuses on the relationship
between urban form and people’s personal characteristics—and, ultimately, implica-
tions for social exclusion—rather than the effects of spatio-temporal constraints on
social exclusion, we chose to employ integral measures of accessibility derived for the
residential locations of households. Three such indices are used in this study: gravity,
cumulative opportunity, and proximity.

For all measures of accessibility described,  refers to a household and ; refers to
an opportunity. The gravity-type measure of accessibility, first introduced by Hansen

(1959), is computed as:
A= W.f(d;)) 1)
]

where A; is the accessibility of household 2, W; is the number of employees at op-
portunity j (specifically, the mean of the employee size class), d; j is the shortest path
travel time on the road network linking household i to opportunity 7 and f(d;;) is an
impedance function. In our case, f(d;;) is given as exp(—[d; ;). This gravity measure
of accessibility is often referred to as the negative exponential due to the nature of the
impedance function whose decay is governed by the parameter 3. Rather than assign-
ing an arbitrary value to 3, we compute separate measures for each opportunity type
in Table 1 (i.e., retail, service, leisure, and religious) using the following distance-decay
model:

I, = aexp(=f1) )

where k is the travel-time category, f;, is the travel time in one-minute increments
(beginning at one minute) for category k and I}, is the number of trips for category k.
Matching trips in the travel diary survey to urban opportunities made these calculations
possible. Thus, only trips with the appropriate SIC codes were used in the computation
of each 3 parameter. The final number of trips for each opportunity type was obtained
after a thorough screening process to ensure that only non-work, non-school trips were
included for persons age 16 and up. Also, pick up/drop off trips were not considered
for schools in the calculation of the 3 parameter for leisure. In this case, leisure travel to
schools was captured in the trip diary survey through the stated purpose of recreation.
It should also be mentioned that network-based, free-flow travel times from home
to opportunity were used in the calculations. Remarkably, similar values for 3 were
derived for three of the opportunity types: -0.1113 for retail, -0.1118 for service, and
-0.1151 for religious. In comparison, a value of -0.0929 was found for leisure. These
findings suggest that individuals are willing to travel similar distances for the first three
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types of opportunity. Furthermore, these distances tend to be shorter than those for
leisure activities—suggesting, as expected, that people are willing to travel farther in
the pursuit of leisure.

The simplest type of accessibility measure is cumulative opportunity (Handy and
Niemeier 1997). Early examples of its use include the work of Wachs and Kumagai
(1973) and Wickstrom (1971). Simply stated, such measures enumerate the number
of opportunities that can be reached within a given distance or travel time from a
location. In total, we computed six such measures for this study using time thresholds,
or bandwidths, of one, two, five, 10, 15, and 20 minutes. Furthermore, we adjusted
our values of travel time upward by 25 percent to account for network delays due to
stopping at intersections, turning, and traffic congestion. In this way, the opportunities
reached within the thresholds given are more realistic than assuming free-flow travel
times. The lower time thresholds (i.e., one and two minutes) are included to capture
the number of opportunities within possible walking distance of a household. These
measures were computed not only for the four aggregate opportunity types already
mentioned, but also for the 30 specific types shown in Table 2. The types shown for
retail, service, and leisure represent for each category the 10 most popular destinations
for trips as found in the travel diary survey. In arriving at these destinations, the trips
were screened in the manner described above for the gravity measure of accessibility.
The reasoning behind the inclusion of such disaggregate destinations is that from a
behavioral perspective, individuals think in terms of visiting specific locations such
as post offices or banks. Also, measures of accessibility for aggregate opportunities
may mask important differences with respect to specific types of opportunities. For
example, a household may have high accessibility to services overall, but may lack a
post office or bank within a 10-minute drive from home.

The final accessibility measures are simply the travel times to the nearest opportu-
nity for each of the aggregate and disaggregate types shown in Table 2. These measures
capture proximity to opportunities.

5 Results

5.1 Overview of Accessibility Measures and Patterns

Table 3 presents average values of household accessibility computed for specific op-
portunity types. For the cumulative opportunity measures, moving left to right from
the smallest threshold (one minute) to the largest threshold (20 minutes), all accessi-
bility values in each considered opportunity class increase substantially. For example,
for department stores, the results show that for one minute, there are on average 0.1
stores within a given household’s reach. However, when the bandwidth is expanded
to 20 minutes, then approximately 40 department stores are within that reach. This is



100 JourNAL OoF TRANSPORT AND LAND USE 1:2

Table 2: Six-digit SIC codes representing popular destinations for out-of-home, non-
work, non-school activities in the Louisville region.

Opportunity SIC Code  Description No. of
Type Opportunities
5211-38 Home centers 6
5251-04 Hardware 49
5311-02 Department stores 108
5331-01 Variety stores 26
Retail 5411-03 Convenience stores 247
5411-05 Grocers 214
5541-01 Service stations (gasoline and oil) 223
5912-05 Pharmacies 146
5942-01 Book dealers 43
6512-01 Shopping centers and malls 19
4311-01 Post offices 60
6021-01 Banks 358
7212-01 Cleaners 171
7231-06 Beauty salons 699
Service 8011-01 Physicians and surgeons 885
8021-01 Dentists 443
8062-02 Hospitals 48
8322-18 Social service and welfare organiza- 224
tions
8351-01 Child care service 294
7241-01 Barbers 186
5812-08 Restaurants 1191
7832-01 Movie theaters 21
7841-02 Video tapes and disks (renting) 46
Lei 7933-01 Bowling centers 18
eisure . .
7991-01 Health clubs, studios and gymnasi- 36
ums
7999-11 Bingo games 18
8211-03 Schools 392
8231-06 Public libraries 41
8641-02 Veteran and military organizations 28

8641-08 Clubs 107
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exactly what is to be expected when applying the cumulative opportunities measure.

The results paint a clear picture of how access to various types of urban oppor-
tunities differs. Table 3 shows that, among retail establishments, levels of access to
convenience stores, grocers, and service stations are much higher than levels of access
to book dealers and shopping malls. This finding is consistent with what is known
about the retail mix in cities and the hierarchy and frequency of goods offered. There
are also contrasts among the service activities; households in Louisville are character-
ized by high average levels of access to banks and salons, but much lower levels of access
to hospitals (e.g., PROX 4.5 minutes for salons vs. 8.3 minutes for hospitals).

However, differences in precisely what is modeled by these indices may cause them
to produce conflicting results. For example, based on the overall measures computed
for retail and service, there is some ambiguity about which is the most accessible. Focus-
ing on PROX, the average is 3.4 minutes for retail versus 3.2 minutes for service—quite
close. However, if the gravity indices are compared, the difference is much more pro-
nounced: 14,457 for retail versus 34,759 for service. This difference can be attributed
to the way these measures are calculated; PROX is based on the average of a series of
nearest opportunities, while the gravity measures are driven by the continuous distri-
bution of activities over the entire urban landscape.

In the leisure category, schools—an activity type at the center of many community
functions—are found to be among the most accessible opportunities, irrespective of
index considered. Restaurants are also quite accessible, as these establishments are a
mainstay on the urban landscape. Given the magnitude of values in the leisure category,
average household accessibility to movie theaters appears to be much lower, as does
household accessibility to gymnasiums. Finally, households’ average levels of access to
religious activities are fairly high, and are comparable to the levels of access to many of
the opportunity types found in other categories.
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5.2 Accessibility Comparisons by Socio-Economic Characteristics

Mapping accessibility values at the household level makes it easier to understand pat-
terns of accessibility. Figure 3 shows the interpolated household exponential-based
gravity measures for the four major opportunity types. Here the values have been stan-
dardized to z-scores to show patterns across each opportunity type. The patterns are
visually very similar, indicating that in the aggregate, areas are not necessarily deprived
of one opportunity type over another, though there are differences. Overall, central-
ized locations in the metropolitan area experience the highest levels of access to the
aggregate opportunity types considered in this study.

Figure 3: Standardized accessibility surfaces by opportunity type.
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Figure 3 shows that, spatially, access to opportunities is fairly regular and central-
ized. These results suggest that individuals residing at the periphery of the city are
most disadvantaged in terms of their access to goods, services, and other opportunities
needed to sustain their well-being. If segments of the population known to be at risk
of social exclusion concentrate at the periphery, then it is possible to conclude that
urban form may reinforce exclusion. One way to further explore this issue is to com-
pare differences in accessibility across groups defined according to their socio-economic
characteristics.

Socio-economic characteristics are used in this study to define five groups within
the general population that conventional wisdom suggests are at risk of social exclusion:
residents of rural communities; individuals residing in single-person and single-parent
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households, individuals residing in low-income households, women, and the elderly.
These groups are compared to counterpart groups (e.g., low-income households to
medium-income households) in order to ascertain whether the groups differ in their
abilities to access spatially distributed oppportunities. If the groups at risk of social
exclusion are found to experience lower levels of access than their counterparts, then
urban form may play a role in the exclusion of the at-risk groups. The non-parametric
Wilcoxon rank sum test is used for this analysis, as the data are not normally dis-
tributed. The results from this analysis are summarized in Tables 4 through 7. The
results from the two-, five-, 15-, and 20-minute cumulative opportunity measures are
also considered in the analysis, but the tables are not shown.

Household Location

Classifying households according to their locations relative to the 2000 Census-defined
urbanized area results in a simple rural/urban dichotomy. With few exceptions, rural
households experience lower levels of access than urban households on all measures.
This is to be expected given the concentration of opportunities in the central, urbanized
part of the study area (Fig. 2). It is only at lower measures of cumulative opportunity
that urban and rural households do not differ. For example, as can be seen in Table
5, there is no difference between the two groups in terms of access to home centers or
post offices. These findings suggest that urban form may play a role in the exclusion of
individuals residing in rural areas.
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Furthermore, inspection of Table 5 reveals that single-person households expe-
rience greater accessibility within walking distance to specific opportunities (such as
banks, post offices, and cleaners) than single-parent households. Further inspection
also suggests that single-person households are more likely to live near commercial cen-
ters than single-parent households. This may be due in part to the fact that households
in the former category are made up of younger individuals who have fewer respon-
sibilities. Households in the latter category, on the other hand, are likely to locate
farther away from such centers given the presence of children in the household; for
these households, schools and a pleasant environment in which to raise children may
be more important than accessibility.

Household Income

The results presented in Tables 4 through 7 are also consistent with respect to groups
defined according to household income. In total, three income groups are defined:
low ($0-$20,000), medium ($20,001-$79,999) and high ($80,000+). As in the pre-
ceding analysis, one group is defined as the reference group for testing purposes—in
this case, medium-income households. The results indicate that low-income house-
holds experience the greatest accessibility, while high-income households experience
the lowest. Obviously, this finding suggests that urban form does not play a role in
the exclusion of low-income households. Louisville, like many American cities, is ex-
periencing high rates of urban sprawl with higher-income households living farthest
from the urban core. Low-income households, by comparison, are found largely in
inner-city neighborhoods, which experience higher levels of accessibility.

Sex

When female versus male accessibility is compared for the one-minute bandwidth, it
is seen in Table 5 that they differ on very few of the opportunity types. The exceptions
are schools, the general leisure category (of which schools are a part), and religious
opportunities. In these cases, females experience significantly higher levels of access. If
the bandwidth is expanded to two minutes, several opportunity types in the retail and
service classes show a significant difference between males and females. For example,
females have significantly greater access to grocers, convenience stores, service stations,
and book dealers, as well as such opportunities as banks, cleaners, and beauty stores.
For bandwidths of five minutes and greater, females have significantly greater access
to almost all activities compared to their male counterparts. This finding is the same
for the gravity-based measures of accessibility shown in Table 4 and the proximity-
based measures shown in Table 7 (in the latter case, females have shorter travel times
to nearest opportunities than males). Overall, the results for sex suggest that females
are not disadvantaged when it comes to accessibility.
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Age

Differentiating the ages of individuals in the study area also reveals interesting con-
trasts in access to opportunities. Here, individuals are separated into those under 65
years of age and those age 65 and older. From Tables 5, 6 and 7, it is clear that older
people are significantly more able to access opportunities than younger people. For the
one-minute bandwidth, it is perhaps more instructive to look at the cases for which
a significant difference was not found. In the retail sector, the two age classes had
similar levels of access to home centers, department and variety stores, and shopping
centers/malls. In the leisure sector, a few opportunity types (e.g., video rental, bingo
games, and veterans organizations) also turned out to be insignificant. A partial expla-
nation for the greater accessibility experienced by the elderly could be that this group
tends to be more centrally located in older suburbs, which (as shown in Fig. 3) have
higher levels of accessibility. Again, the elderly do not appear to be at a disadvantage
with respect to urban opportunities.

6 Conclusions

As noted at the beginning of this paper, there has been a great deal of interest in the
topic of accessibility—especially in its relevance for understanding pressing policy is-
sues such as social exclusion. Simply put, are cities designed in such a way that the
locations of needed activities and opportunities favor certain groups over others? Our
study sought to address this question. In so doing, we defined urban form with respect
to sites of opportunities, which are simply the potential destinations for trips. A suite
of accessibility measures (i.e., gravity, cumulative opportunity, and proximity) were
computed for households found in a travel diary survey conducted in five counties of
the Louisville, Kentucky-Indiana MSA in 2000. These measures were defined for 34
types of opportunities: four aggregate types (i.e., retail, service, leisure, and religious)
and 30 disaggregate types representing the 10 most popular destinations for trips for
each of the first three aggregate types. This combination of measures and opportunity
types represents a significant departure from previous studies in the social exclusion lit-
erature, which have suggested that poor accessibility is a contributor to social exclusion
without validating the assumption empirically (Church et al., 2000; Social Exclusion
Unit, 2003). In testing this assumption, our study suggests that in an American set-
ting, the relationship between urban form, accessibility, and social exclusion is not as
expected.

This study found that most groups that conventional wisdom would suggest are at
risk of social exclusion are not disadvantaged in terms of spatial accessibility. Rather
than suffering from poor accessibility, they experience higher accessibility, in general,
than their counterparts on all measures tested. At most, for the one-minute band-
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width of the cumulative opportunity measure, some groups did not differ from their
counterparts with respect to accessibility. All tests conducted were consistent in the
direction of their results. In fact, the only group tested that followed conventional
wisdom was rural households. Individuals residing in low-income, single-parent, and
single-person households, along with women and the elderly, all experienced higher
accessibility than their counterparts.

Returning to the issue at hand, our results suggest that, for most groups, urban
form does not reinforce geographies of exclusion—at least, for now. This could change,
however, if the relationship between residential location and opportunity location is
altered for such groups. For instance, should baby boomers choose to remain in the
suburbs after retiring, the locational advantage enjoyed by today’s elderly may not carry
over to the next generation. Members of the aging population may be forced—by de-
clining health and physical abilities, or by economic necessity—to reduce or eliminate
their driving; in such a scenario, the locational disadvantage of aging in place, coupled
with declining mobility, could have significant personal impacts including restricted
social contacts and reduced quality of life (Marrattoli et al., 2000). Other implications
may include an increased demand for public transit services for older individuals who
are no longer able to drive.

The findings of this study are in line with those reported in earlier work by Shen
(1998, 2001), who examined the ability of low-wage workers to access employment
opportunities and job openings in the Boston Metropolitan Area using a rigorous an-
alytical framework that incorporated the notion of “demand” in the computation of
accessibility. Shen found that such workers residing in inner-city neighborhoods en-
joyed higher accessibility to such opportunities and job openings than low-wage work-
ers residing elsewhere in the metropolitan area. Although this was true for auto drivers
and transit riders, their respective levels of accessibility differed considerably, obvi-
ously favoring the automobile. This finding suggests a point of departure for our own
work—that is, if urban form does not presently reinforce social exclusion, then other
factors, such as access to mobility tools, must be investigated. Investigating mobility
would require computation and comparison of accessibility indices using transit time
as the measure of impedance. Other factors that warrant investigation (i.e., economic,
social, political, personal, residential, and temporal) are suggested by Kenyon et al.
(2002).

More generally, future research dealing with accessibility and related issues of so-
cial exclusion is wide open in terms of the directions that could be taken. The work
presented in this paper has dealt with a limited subset of the land-use and transporta-
tion issues underpinning social exclusion. Thus, future work could use more complex
models to explain people’s trip-making behavior in terms of the accessibility measures
presented in this paper, assuming that such behavior is a measure of social exclusion.
In such a situation, individual and land-use characteristics could be accounted for in
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a trip generation model that seeks to discern the interplay of land use and transport,
and what it means for social exclusion.
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