
Environment and Planning B: Planning and Design 2015, volume 42, pages 263 – 278

doi:10.1068/b39136

A discrete choice approach to modeling food store 
access

Amy Hillier
Department of City and Regional Planning, School of Design, University of Pennsylvania, 
127 Meyerson Hall, 210 South 34th Street, Philadelphia, PA 19104, USA; 
e-mail: ahillier@design.upenn.edu
Tony Smith
Department of Electrical and Systems Engineering, School of Engineering, University of 
Pennsylvania, 274 Towne Building, 220 South 33rd Street, Philadelphia, PA 19104-6315, 
USA; e-mail: tesmith@seas.upenn.edu
Carolyn C Cannuscio
Department of Family and Community Medicine, University of Pennsylvania Perelman 
School of Medicine, Anatomy Chemistry Building, 3620 Hamilton Walk, Philadelphia, 
PA 19104-6011, USA; e-mail: cannusci@wharton.upenn.edu
Allison Karpyn
The Food Trust, 1617 John F Kennedy Blvd #900, Philadelphia, PA 19103, USA; 
e-mail: akarpyn@thefoodtrust.org
Karen Glanz
Perelman School of Medicine and School of Nursing, University of Pennsylvania, 
801 Blockley Hall, 423 Guardian Drive, Philadelphia, PA 19104-6021, USA; 
e-mail: kglanz@upenn.edu 
Received 4 August 2012; in revised form 15 February 2014; published online 22 January 2015

Abstract. Assessments of  access to healthful food frequently use GIS to measure the 
distance and concentration of  food outlets relative to where residents live. These descriptive 
approaches do not account for food shopping behavior, which may vary based on the 
attributes of  food shoppers and their activity space—places where they live, work, access 
resources, and socialize. Building on transportation research about accessibility, we reframe 
the issue of  food access and equity from one about ‘what is nearby?’ to ‘where do people 
shop?’. We use a conditional logit model to analyze disaggregate data from a door-to-door 
survey of  food shopping choice and food store surveys conducted in a predominantly 
non-Hispanic Black and middle-income and low-income section of  Philadelphia. Our 
results highlight the importance of  distance from home to food stores, overall, but they 
also emphasize the influence on food store choice of  the race and sex of  food shoppers, 
travel mode, and where they spend time other than at home, as well as food prices and the 
availability of  healthful foods. This approach to understanding food access holds promise 
for future research that can link store choice to specific food purchases and health outcomes 
as well as for refining place-based strategies for improving access to healthful foods.

Keywords: food access, supermarkets, GIS, discrete choice, Philadelphia, food deserts, 
NEMS-S

Introduction
An extensive body of research has documented the lack of access to healthful foods and 
disproportionate exposure to unhealthful foods in low-income and minority communities 
(Beaulac et al, 2009; Treuhaft and Karpyn, 2010; van der Ploeg et al, 2009) and the impact these 
‘food deserts’ have on obesity and chronic disease (Baker et al, 2006; Bodor et al, 2010; 
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Caspi et al, 2012; Kipke et al, 2007; Lopez, 2007; Morland et al, 2002). Most of this research 
has relied on descriptive approaches to understanding access, using GIS and other measures 
to assess the geographic proximity of food outlets to where people live (Charriere et al, 
2010; Gordon et al, 2011; Sadler et al, 2011; Walker et al, 2010). These models are limited 
conceptually because they do not account for the many factors other than distance from home 
that create barriers to access and, as a consequence, may ignore important sources of social 
inequity (Krukowski et al, 2012; Neutens et al, 2010; Weiss et al, 2011). More importantly, 
these distance-based descriptive models fail to account for actual behavior (Crane and 
Daniere, 1996), which recent studies have found generally involves driving to a food store 
other than the one closest to home for most households (Drewnowski et al, 2012; Handy 
and Clifton, 2001; Hillier et al, 2011; Hirsch and Hillier, 2013; Laska et al, 2010; Ohls et al, 
1999; Thompson et al, 2011). Recent studies have called for incorporating individual-level 
(disaggregate) data on shopping behavior into studies of food access (Forsyth et al, 2010; 
USDA, 2009) in order to overcome these limitations.

In this paper, we turn to the conceptual and methodological work of transportation and 
marketing scholars to better understand food access. After briefly reviewing this literature, 
we present a conceptual model of food store choice that considers the interaction among 
individual-level, household-level, and neighborhood-level attributes with food store attributes 
and the proximity of food stores to where people live as well as where they spend time. We 
then test this conceptual model with data from a door-to-door survey about food shopping 
and food store surveys using a discrete choice model in the form of a conditional logit model. 
We conclude with ideas for refining the statistical models presented and the implications of 
understanding food store choice for improving food access and health.

Behavioral models of access to healthy food
Historically, rather than focusing specifically on food access transportation planners have 
focused broadly on accessibility, defined as the “spatial distribution of potential destinations, 
the ease of reaching each destination, and the magnitude, quality, and character of the 
activities found there” (Handy and Niemeier, 1997, page 1175). The cost of travel, measured 
both in time and money, is considered the main resistance or impedance while the destination 
is considered the main attraction or motivation (Koenig, 1980). Transportation planners 
have acknowledged that individuals and groups within a specified zone do not necessarily 
experience transportation options and potential activities in the same way, particularly across 
socioeconomic groups (Handy and Niemeier, 1997). Although car ownership is an important 
factor in decisions about travel mode and destination choice, the planning literature highlights 
how even households that own a car do not necessarily all use the car in the same way 
(Blumenberg, 2008; Clifton, 2004). 

This interest in the influence of individual and household attributes on travel mode and 
destination choices led to the development of disaggregate choice, or behavioral, modeling 
(Lerman and Manski, 1979; McFadden, 1974). These models are now commonly used by 
economists and transportation and marketing experts to describe choices made by people 
and organizations among a finite, exhaustive, and mutually exclusive set of alternatives. 
The statistical models that fall within the ‘discrete choice’ category are based on a common 
theoretical framework (McFadden, 1974) and estimate the probability of an individual 
making a particular choice based on attributes of that individual and the alternatives the 
person is considering. The transportation literature also provides a critique of home-based 
measures of accessibility and points to multipurpose trips and trip chaining—or linking 
trips to multiple destinations—as important considerations (Ewing et al, 1994; Kryzek, 
2003; Lerman and Manski, 1979). Several marketing studies have focused specifically on 
agglomeration effects and ‘bundling’ to understand how a desire for efficiency may influence 
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shopping trip, purchase, and destination (Arentze et al, 2005; Dellaert et al, 1998; Oppewal 
and Holyoake, 2004).

Despite recent widespread interest in the topic of food access in low-income neighborhoods, 
choice modeling has rarely been applied to understanding food shopping, and the limited 
number of marketing studies that have used choice models to understand food shopping do 
not approach store choice from a public health or disparities framework (Arnold et al, 1981; 
Bell et al, 1998; Briesch et al, 2009; Fotheringham, 1988). Discrete choice experiments, 
where study participants are exposed to a number of hypothetical scenarios, or choice sets, 
are common within the health care and health economics literature (Ryan et al, 2008), but 
discrete choice models have not been reported in public health studies of food access.

Conceptualization of food store choice
Our conceptualization of food store choice builds on research in the public health, trans-
portation, and marketing fields. Choices about where to shop for food matter not only for 
commercial reasons, but also have implications for food purchases, diet, weight status, and 
health of vulnerable populations.

Shoppers’ race/ethnicity, sex, age, and education level have all been shown to be 
associated with store choice and shopping patterns (Ayala et al, 2005; Handy and Clifton, 
2001; Krukowski et al, 2012; Morland and Filomena, 2008; Rose et al, 2010; Yoo et al, 
2006). So, too, have socioeconomic status and car ownership (Paez et al, 2010). Low-income 
households are more likely to prioritize cost savings and use comparison shopping (Dunkley 
et al, 2004; Webber et al, 2010). People who own vehicles usually use them to shop for food 
(Handy, 1996). People who do not own cars may borrow them, get a ride from a friend or 
relative, or take a taxi in order to do their food shopping (Clifton, 2000). 

Although most households drive or are driven to do their food shopping, access to public 
transportation may be relevant to the remaining percentage as well as to those exercizing 
what Clifton (2004) calls a ‘secondary mobility strategy’—a back-up plan when driving is 
not viable. The geographic area defined by locations such as work, school, and child care 
where people spend time—‘nonresidence anchor points’ (Widener et al, 2013)—and the 
paths they travel between these locations has been the focus of a limited amount of research 
on food shopping and food access (Clifton, 2004; Kerr et al, 2012; Krukowski et al, 2012; 
Thomas, 2011; Webber et al, 2010; Zenk et al, 2011a). The study of these ‘activity spaces’ 
incorporates a temporal as well as a geographic dimension (Kwan 1998; 2000) and allows 
for consideration of space–time behavior such as commuting to work (Widener et al, 2013) 
and trip chaining.

The attributes of food stores influence consumers’ choices. Relevant attributes include 
the type and size of store, price, selection, and quality of products, and store cleanliness, 
safety, and customer service (Handy and Clifton, 2001; Krukowski et al, 2012; Wang and Lo, 
2007; Webber et al, 2010; Yoo et al, 2006). 

Methods
We tested our conceptual model using data collected for a study about food shopping and 
physical activity opportunities conducted within six contiguous ZIP codes in west and 
southwest Philadelphia. We conducted door-to-door surveys with residents of thirty randomly 
selected blocks within the study area during the summer of 2010. Eligible participants were 
adults who were the primary food shoppers for their households, could speak and understand 
English, and did not have physical limitations that precluded being physically active (Hillier 
et al, 2012). All procedures were approved by the University of Pennsylvania Institutional 
Review Board.
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Individual attributes and store choice
The door-to-door survey assessed participants’ sex (recorded by interviewer), self-reported 
race/ethnicity, employment status (full-time or part-time), student status (full-time or part-
time), receipt of public assistance including Supplementary Nutrition Assistance Program 
(SNAP) or cash benefits, and car ownership. The location of the store where participants 
reported doing most of their food shopping, the location of the place where they reported 
spending most of their time when they were not at home, and the centroid of the residents’ 
face block (used as a proxy for home address since home address was not recorded in the 
survey) were geocoded using ArcGIS 10.1 (see figure 1). If participants traveled 3 miles or 
more from their home to the place where they spend time when they are not at home, they 
were coded as commuters. Participants also identified their usual mode of transportation 
to and from the food store. Dichotomous variables were created, indicating whether or not 
participants drove or received a ride and whether they used public transportation or not to 
reach their primary grocery shopping destinations.

Figure 1. Map of participant blocks, chosen food stores, and places where survey participants spend 
time.
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Food store attributes
We identified food stores within the study area using a list of all stores authorized to accept 
SNAP benefits. Trained research assistants used this administrative dataset as the starting point 
for a complete enumeration, visited all SNAP stores to confirm their location and status, and 
noted additional stores not on the SNAP list. All food stores within the study area as well as those 
stores outside the study area that were identified by participants as stores where they did most of 
their food shopping (n = 373 ) were surveyed using the Nutrition Environment Measure Survey 
in Stores (NEMS-S) (Glanz et al, 2007). Scores for each store were calculated according to the 
availability, quality, and price of specific food items. A score for the relative price of healthful 
foods was calculated by comparing the price of conventional items, such as whole-fat milk or 
white bread, with healthful alternatives, such as reduced-fat milk or whole-grain bread. If the 
more healthful item was less expensive than the conventional item, the store received a point; if 
the more healthful item was more expensive the store lost a point (Cannuscio et al, 2013). Data 
collected through NEMS-S were also used to construct an absolute-price measure combining 
the price of a ½ gallon of milk (least expensive variety) and 24-oz loaf of whole-grain bread. The 
square footage of food stores was obtained from the Trade Dimension’s Retail Site database. 

To measure the accessibility of public transportation from stores, we excluded bus transit 
(measuring only the proximity to subway, trolley, and train stops) because the study area 
is saturated with bus routes, with limited variation in bus access across the study area. We 
calculated the network distance from the centroid of the face block of residence and from 
chosen stores to the nearest trolley, subway, or high-speed or regional rail station with ArcGIS 
10.1 using shapefiles from the Southeast Public Transit Association. We then categorized 
stores as being within ¼ mile of a trolley, subway, or train stop or not.

Conditional logit model
See table 1 for details of the variables included in the conditional logit model.

Given a set of individuals (households), ,i Id  and stores, ,s Sd  if the set of store 
alternatives relevant for individual i is denoted by ,s Si 3  then our conditional logit model 
takes the general form
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where Pi (s) denotes the probability that store s is chosen by individual i from set Si. 
These choice probabilities are assumed to depend on the value, Vis, of each store s to indi-
vidual i. As in linear regression, these values are assumed to be representable as linear 
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attributes, ( : 1, ..., ),z k Kik =  such as the sex and race of the individual. Such value differences 
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measure of accessibility was the travel distance from individual i’s residence to each store 
s, designated as Home Distance, d1(is). However, we were also interested in the distance to 
store s from the place where i spends the most time (such as job location), here designated as 
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where the first term on the right-hand side involves store attributes together with individual 
interaction effects and the second term involves distances (residential and place) together 
with their individual interaction effects. 

Following standard terminology, coefficients jb  and hi  are referred to as the ‘main 
effects’ for store attribute j and distance attribute h, respectively. Similarly, for any given 
individual attribute k coefficients kjb  and khi  are referred to as ‘interaction effects’ between 
k and, respectively, store attribute j, and distance attribute h. To interpret these coefficients 
note, for example, that the effects of store attribute j can be isolated by considering two 
hypothetical stores s and sl that differ only with respect to attribute j. To capture the effects of 
a unit change in attribute j suppose in addition that x x 1sj s j- =l . Then, the relative likelihood 
of any individual i choosing store s versus sl is seen from expressions (1) and (2) to be of the 
form:
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So, in this context it is clear that ‘main effect’ jb  reflects that component of change in the 
relative likelihood of choosing s versus sl which is common to all individuals i.(1) Similarly, 
kjb  reflects the additional component of change in this relative likelihood that is specific to 

individuals with k th attribute level .zik (2) Parallel interpretations can be given to the distance 
parameters hi  and .khi

(1) Technically one should add ‘for all individuals for whom both s and sl are relevant options’, but 
since jb  is clearly independent of these particular option choices, we ignore this complication.
(2) By taking logs in equation (3), these can also be interpreted as linear changes in ‘log odds’, similar 
to logistic regression. Alternatively, one can obtain interpretations in terms of ‘elasticities’ and ‘cross-
elasticities’ of substitution, as for example in section 3.6 of Train (2009). 

Table 1. Variables included in conditional logit models.

Variable Measure

Individual attributes
Sex Female or not
Black Black/African American or not
Public Assistance Receive Supplement Nutrition Assurance Program/cash assistance or not
Commute Travel 3 miles or more from home to place where most time is spent when 

not at home, or not
Home Distance Network distance in miles from home address to each store in the choice set

Distance
Distance Network distance in miles from home to chosen store
Extra Distance Network distance in miles from the supermarket closest to participant’s 

home to each store in the choice set
Place Distance Network distance in miles from place where most time is spent when not at 

home to each store in the choice set

Store attributes
Availability Nutrition Environment Measure Survey score for availability of healthful 

food items in 10 categories; values from 0–37 
Relative Price Price of healthful food items relative to standard item; values from 0–18 
Absolute Price Cost in $ of gallon of milk, 16 oz of whole wheat bread, 8 oz Cheerios
Square-footage Square footage
SEPTA Within ¼ mile of subway, trolley, or train stop
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Store choices and choice sets
We defined the relevant store choice for each individual i to be that store where most food 
shopping was done. We identified the relevant choice set Si for each individual i to be the set 
of all store choices made by individuals on i’s block.(3) Ideally, this choice set would include 
all the store choice options actually perceived by each individual to be relevant. But since 
these data are typically not available (and indeed may not even be fully known to individuals 
themselves), it is necessary to define such sets exogenously.(4)

Model specifications and results
Individual and household attributes
Of the residents who were contacted in person, 82.6% completed a survey. Of the 467 participants 
who completed the survey and provided the name and address of a store that could be located 
and surveyed using NEMS, 65.5% were women, 73.0% were non-Hispanic Black, 31.7% were 
receiving some type of public assistance, 69.3% either drove themselves or got a ride with a 
friend or relative, and 11.4% used public transportation to do their primary food shopping.

Food store choice and store attributes
Nearly three out of five participants (59.4%) reported that they do most of their shopping at one 
of six stores from three different national supermarket chains. Participants overwhelmingly 
chose supermarkets from a national chain (86.2%), with a much smaller proportion of 
participants choosing national discount, or limited assortment, supermarkets (11.5%), small 
locally owned grocery stores (1.3%), or superstores like Target or Walmart (0.9%). 

The distance between study participants’ homes and store choices (Home Distance) 
ranged from 0.05 miles to 28.9 miles, with an average of 1.9 miles (median of 1.34 miles). 
Participants frequently chose to shop at a store other than the closest store. This extra distance 
(Extra Distance) ranged from 0 to 28.5 miles, with an average of 1.5 miles (median of 1.0 
miles). For 299 of the 467 study participants, data were also available for the place where they 
spent the most time when not at home. For these participants, this distance (Place Distance) 
ranged from 0.01 miles to 20.9 miles, with an average of 3.0 miles (median of 2.1 miles). 

Conditional logit models
Two alternative specifications of expression (2) above were explored.(5) Model 1 used 
distance from home to chosen store (Home Distance) as the basic measure of accessibility to 
shopping. Model 2 also included Place Distance as well as the dummy variable distinguishing 
people who travel 3 miles or more to the place where they spend most time when not at home 
(Commute).

Model 1
The initial set of store attribute variables used for analysis included a number of variables 
that exhibited inflated standard errors due to collinearity effects, namely store size, NEMS-S 
availability scores, and full service supermarket status.(6) Among these, NEMS-S availability 

(3) As one additional restriction, we require that each choice set contain at least three store alternatives. 
This necessitated combining four small blocks with their nearest-neighbor blocks to meet this restric-
tion, while at the same time preserving spatial locality as much as possible. The resulting choice sets 
ranged in size from four to eleven stores. 
(4) For additional discussion of such choice-set identification issues see, for example, Fotheringham 
(1988) and Pelligrini (1997).
(5) All conditional logit models in this study were estimated using the Matlab program, conditlogit.m, 
written by James LeSage, which is available online as part of his suite of Matlab programs at http://
www.spatial-econometrics.com. 
(6) Experimentation with simulated data shows that conditional logit models tend to be even more 
sensitive to collinearity effects than linear regression. 
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score was considered to be of most importance for the purposes of this research because it is 
a measure of the presence of healthful food. Further experimentation showed that store size 
could also be included without seriously affecting standard errors. None of the individual-
level variables exhibited serious collinearity problems. The results of model 1 are shown in 
table 2 where, for example, Square-footage–Black denotes the interaction effect between a 
store attribute, store size (Square-footage), and an individual attribute, being Black/African 
American (Black). 

One of two significant main effects was the negative effect of distance from home 
(Home Distance), suggesting that physical proximity is indeed an important factor in 
determining store choice. Several significant interaction effects indicate that, based on the 
attributes of the individual, distance plays a different role in store choice. Women were less 
likely to be influenced by distance while Blacks, overall, were more likely to shop closer to 
home than the overall population. The effect of driving or riding to the food store diminished 
the negative effect of distance, but overall, those who drove or rode were still more likely to 
choose stores closer to home. 

Being located within ¼ mile of a transit stop was not a significant factor in store choice 
overall, but it was significant for residents who used public transportation to do their 
shopping (Transit user–SEPTA). The interaction between transit access and extra distance 
was significant and negative, indicating that those choosing stores near transit stops were less 
likely to travel an extra distance beyond the closest store.

Relative Price was significant and positive, indicating that, overall, participants chose 
stores with higher relative food prices. The interaction effect with Black was significant and 
negative, indicating that Black participants were less likely than non-Black participants to 
choose stores with higher relative prices. Similarly, participants who drove or were driven 
to do their food shopping were less likely than those who used transit, walked, or cycled to 
choose stores with higher relative prices. Absolute Price was not significant as a main effect, 
but the interaction effect with Extra Distance was significant and negative, indicating that 
those who travel further beyond the closest store were less likely to choose a store with higher 
absolute prices than those who traveled to the closest store. The availability of healthful 
foods was significant when interacting with the extra distance traveled beyond the closest 
supermarket (Availability–Extra Distance), indicating that participants traveled further to go 
to stores with higher NEMS-S scores. 

Model 2(7)

Home Distance remained highly significant and negative in model 2. No interaction effects 
with Home Distance were significant at the p < 0.05 level, but Drive/Ride was marginally 
significant at p = 0.055 and positive, suggesting again that driving and riding to the store 
moderates the effect of distance. Place Distance was also significant and negative as a 
main effect, indicating that, overall, participants were more likely to choose stores closer 
to places where they spend time than stores further away. The interaction effect with Drive/
Ride was marginally significant at p = 0.052, indicating that driving or riding to the store also 
reduces the effect of Place Distance. 

In this model, the interactions between a store’s proximity to public transportation and using 
transit (SEPTA–Transit use) as well as being Black (SEPTA–Black) was significant and posi-
tive, indicating that transit users and Black participants were more likely to choose stores near 
transit stops. As with model 1, the interaction effect Relative Price–Drive/Ride was significant 
and negative, indicating that those driving or riding to do their food shopping were less 

(7) For purposes of comparison, model 1 was rerun using only the 299 participants included in model 2. 
Essentially all results were the same, with slightly lower levels of significance reflecting the smaller 
sample size, so only the full-sample model is reported here.
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Table 2. Results from conditional logit models.

Variable Model 1 (standard model) Model 2 (with activity space)

parameter Z-value p-value parameter Z-value p-value

Square-footage −0.007 −0.725 0.468 −0.001 −0.104 0.917
Square-footage–Black 0.012 1.580 0.114 0.006 0.514 0.608
Square-footage–Sex −0.001 −0.080 0.936 0.001 0.142 0.887
Square-footage–Public Assistance 0.005 0.730 0.465 −0.004 −0.389 0.697
Square-footage–Driver Ride 0.005 0.702 0.483 0.003 0.241 0.809
Square-footage–Extra Distance 0.003 1.832 0.067 0.006 1.929 0.054
Availability 0.023 0.834 0.404 0.012 0.261 0.794
Availability–Black −0.036 −1.412 0.158 −0.022 −0.558 0.577
Availability–Sex 0.001 0.048 0.962 −0.016 −0.426 0.670
Availability–Public Assistance −0.010 −0.393 0.694 0.054 1.373 0.170
Availability–Driver/Ride 0.034 1.245 0.213 0.022 0.500 0.617
Availability–Extra Distance 0.031 2.795 0.005 0.042 2.142 0.032
Relative Price 0.090 2.522 0.012 0.061 1.169 0.243
Relative Price–Black −0.066 −2.029 0.042 −0.028 −0.584 0.559
Relative Price–Sex 0.012 0.395 0.693 0.044 1.023 0.306
Relative Price–Public Assistance −0.018 −0.524 0.600 −0.005 −0.104 0.918
Relative Price–Drive/Ride −0.069 −1.991 0.046 −0.100 −1.961 0.050
Relative Price–Extra Distance 0.010 1.109 0.268 0.022 1.649 0.099
Absolute Price 0.215 1.057 0.291 0.224 0.739 0.460
Absolute Price–Black 0.000 0.001 1.000 0.000 0.000 1.000
Absolute Price–Sex 0.005 0.029 0.977 −0.037 −0.161 0.872
Absolute Price–Public Assistance 0.241 1.313 0.189 0.256 1.007 0.314
Absolute Price–Drive/Ride −0.157 −0.884 0.376 −0.179 −0.686 0.493
Absolute Price–Extra Distance −0.152 −2.951 0.003 −0.167 −1.969 0.049
SEPTA 0.140 0.540 0.589 −0.115 −0.362 0.717
SEPTA–Black 0.444 1.714 0.087 0.809 2.338 0.019
SEPTA–Sex 0.024 0.097 0.923 −0.108 −0.334 0.738
SEPTA–Public Assistance −0.239 −0.933 0.351 −0.367 −1.119 0.263
SEPTA–Transit use 1.322 2.924 0.003 2.644 2.478 0.013
SEPTA–Extra Distance −0.230 −3.019 0.003 −0.136 −1.204 0.229
Home Distance −0.654 −5.347 0.000 −0.608 −2.718 0.007
Home Distance–Black −0.171 −2.783 0.005 −0.074 −0.630 0.529
Home Distance–Sex 0.239 3.013 0.003 0.182 1.513 0.130
Home Distance–Public Assistance 0.041 0.648 0.517 −0.036 −0.303 0.762
Home Distance–Drive/Ride 0.410 3.769 0.000 0.405 1.919 0.055
Place Distance −0.523 −2.058 0.040
Place Distance–Black −0.207 −1.317 0.188
Place Distance–Sex 0.061 0.414 0.679
Place Distance–Public Assistance  −0.150 −0.992 0.321
Place Distance–Drive/Ride 0.412 1.737 0.082
Place Distance–Commute 0.244 1.940 0.052

Sample size n = 467 n = 299
Success rate 38.3% (13.2% random) 44.5% (19.6% random)
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likely to choose stores with higher relative prices. Similarly, the interaction effect Absolute 
Price–Extra Distance was significant and negative, indicating that those traveling further 
beyond the closest store were less likely to choose stores with higher relative prices.

Consideration of goodness of fit 
While there is no universally accepted measure of ‘fit’ for conditional logit models, the success 
rate reported at the end of table 2 is the simplest to interpret.(8) This rate is defined as the 
percentage of choice situations in which the highest estimated choice probability corresponds 
to the alternative actually chosen. This is particularly appropriate in view of our definition 
of ‘store choice’ as the most frequently chosen alternative. In conditional logit models there 
are many more choice alternatives (here ranging from four to eleven), so the significance of 
these success rates should be compared with random predictions.(9) The present success rates 
are seen to be more than two and a half times larger than would be expected by chance alone. 
While there is still much room for improvement, identification of significant explanatory 
variables is meaningful even when goodness of fit (in terms of R2) is imperfect. 

Discussion and conclusion
The empirical results of our discrete choice models are largely consistent with prior research 
but provide additional, more subtle distinctions regarding how urban residents interact 
with their activity spaces in choosing where to shop for food. As in a number of recent 
studies (Drewnowski et al, 2012; Hillier et al, 2011; Hirsch and Hillier 2013; Laska et al, 
2010; Thompson et al, 2011), participants showed a willingness to travel beyond the closest 
supermarket, in part due to a preference for lower prices (DiSantis et al, 2013; Zenk et al, 
2011b). But the choice of supermarkets that required travel beyond the closest food stores 
was also explained by the greater availability of healthful foods at those more distant stores 
(Cannuscio et al, 2013). Consistent with Handy and Clifton (2001) and Zenk et al (2011b; 
2014), women were more likely than men to travel further to do their food shopping. 

While none of the findings relating to specific significant main or interaction effects 
contradicted findings from prior research, together they add nuance to what is known about 
food store choice. They show that distance from home is an important consideration but exerts 
a different influence on people according to their individual and household characteristics. 
In other words, even participants living on the same block experienced store accessibility 
differently. This is explained, in part, because people who live on the same block do not 
necessarily spend time at the same places. Even though the location of the place where 
participants spent the most time when they were not at home is a very rough approximation of 
their activity space, model 1 showed that this a significant factor, with participants choosing 
food stores closer to where they spend most time other than at home. This supports the 
concept of trip chaining, although trip chaining would involve combining errands and visits 
to friends or relatives with food shopping, which is beyond our simple measure of one place 
where people spend much of their time when they are not at home. For people who traveled 
3 miles or more from home to the place where they spend time, the location of that place was 
less important. This may be because they are as likely to choose stores along the way as these 
near their other destinations and because once you have traveled several miles from home, 
(8) Other standard measures are discussed in section 3.8.1 of Train (2009). 
(9) To compute this rate for a series of choice situations, 1i N, , ,f=  where the number of alternatives 
in each situation i is given by ,#n Si i=  the expected success fraction in each situation i under random 
predictions is simply / .n1 i  So, the overall expected random success rate is given (in percentage terms) by 
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In the present case, with N 451=  choice situations, this yields the value 14.197.
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traveling extra distances to certain stores may not take on the same burden as for those who 
generally stay closer to home.

Mode of travel turned out to contribute more to predicting food store access than car 
ownership. As expected, people who used public transportation for their food shopping chose 
stores close to public transit stops. On the other hand, people who traveled by car to do their 
food shopping—whether they owned the car or received a ride from friend or relative—
behaved similarly. Even in low- and middle-income communities with relatively low levels 
of car ownership, most people drive or get a ride to do their food shopping (Hillier et al, 2011; 
2012). Within this study population, only 11% of participants used transit as their primary 
mode of transportation for food shopping.

Compared with non-Black participants, Black participants tended to choose stores 
closer to home. While Black and non-Black participants chose the largest and closest full-
service supermarkets in nearly equal proportions, there was clear racial sorting among 
limited assortment and specialty stores. Nearly all the participants who chose chain discount 
stores were Black. On the other hand, only one of the twelve participants who chose Trader 
Joe’s, a chain specialty grocer, was Black. None of the participants who shopped primarily 
at a co-op or farmers’ market were Black and only a third of those shopping at the high-
end supermarkets (Wegman’s and Whole Foods) were Black. Most of the study area is 
characterized by high levels of racial segregation, and the blocks with white residents were 
clustered on the eastern side of the study area. But the racial sorting across food stores is not 
explained only by residential segregation or patterns in food store location. Zenk et al (2014) 
described Black food shoppers’ experiences with racial discrimination. Experience or fear of 
racial discrimination may lead Black shoppers to patronize stores closer to home and where 
other shoppers are also Black. This is clearly an area for further examination that could, 
potentially, help to address racial disparities in obesity and chronic disease. 

While race was a significant factor in store choice as it interacted with store characteristics, 
receipt of public assistance was not significant in either model. Being Black was collinear 
with receipt of public assistance, but even when race was removed from the model, public 
assistance was not significantly associated with store choice. Car ownership, another proxy 
for socioeconomic status, was not significant when it was included in model 1. Similarly, 
employment status was not significant. For the study population, then, race seems to influence 
store choice more than socioeconomic status.

Strengths and limitations
The primary strength of this study is that it shows the value of discrete choice models for 
understanding food store choice in the context of the ongoing scholarly and popular debate 
about equity in food access. Our research contributes to reframing the important question 
from ‘what food stores are nearby?’ to ‘what factors other than distance influence where 
people shop?’ This study provides additional evidence that how people access food varies 
according to their individual and household attributes, suggesting that individuals perceive 
the food landscape differently based on sex, race, and mode of transportation, and that a 
single ‘food dessert’ map cannot assess food access for all residents. An important strength of 
this study was the combination of food shopping behavior data, collected through a resident 
survey, with detailed data about food stores, collected through field visits. While primary 
data collection is more time consuming and costly than reliance on administrative data, we 
demonstrated in this project that it was feasible to collect such data for a relatively large 
area and that such data contribute to a more nuanced understanding regarding how and why 
people choose to shop at certain food stores. 

The primary limitation of this study relates to the lack of information about certain 
potentially relevant individual and store characteristics. The survey was kept short to mini mize 
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respondent burden and optimize participation. However, additional information about food 
stores could also improve the predictive success of the statistical models. This might include 
the availability, cost, and type of parking, and pedestrian infrastructure (Handy and Clifton, 
2001), check-out options (express lines and self-checkout), the availability and type of grocery 
bags, membership fees (such as those required for wholesale stores) in-store amenities (such 
as a bank, ATM, or pharmacy) and customer service (Hillier et al, 2012; Zenk et al, 2011b). 
The marketing literature identifies store advertising practices, including weekly circulars 
(Bodapati and Srinivasan, 2006), and the number and types of brands (Briesch et al, 2009) 
as factors in store choice. Coupon policies, special sales and promotional policies, and 
authorization to accept federal WIC (Special Supplemental Nutrition Program for Women, 
Infants, and Children) and SNAP/food stamp benefits might also be incorporated into future 
models.

Refining other variables could also help to improve the predictive value of the conditional 
logit models. More robust measures of price, alternative measures of activity space, and 
detailed data on the routes by which individuals travel would be useful. A food store located 
along the way home from work might be just as convenient as a store located near work. 
Our measure of store proximity to transit did not incorporate bus access even though some 
transit users within the study may take the bus to do their food shopping. Activity spaces have 
been measured using travel diaries and GPS (Kerr et al, 2012; Zenk et al, 2011c), but less-
expensive and time-consuming approaches might involve asking participants to identify all 
the places where they spend time and shop as well as the major routes they travel. 

The predictive value of discrete choice models of shopper behavior might also be 
improved by refining the set of stores identified as alternatives. Most shoppers perceive far 
fewer choices than are actually available (Fotheringham, 1988; Robinson and Vickerman, 
1976) and ‘choice set specification’ may have significant impact on parameter estimates as 
well as goodness-of-fit measures (Pelligrini et al, 1997). Future studies should try to identify 
these perceived options, either by asking residents which stores they ever shop at or the stores 
from which they choose. The way in which we operationalized the choice sets may in some 
ways be too restrictive. For example, if all residents on certain blocks only shop at local 
stores, then such choice sets would tend to constrain the full effect that ‘distance from home’ 
has in the model.(10) 

Ultimately, we modeled only the choice of primary food shopping destination. The 
marketing literature supports the concept of habitual behavior and shopper loyalty to a 
primary store (Bell et al, 1998; Rhee and Bell, 2002), but individuals and households shop at 
different outlets for different types of shopping (Hirsch and Hillier, 2013). Finally, this study 
takes the first step in modeling food store choice, but it does not connect food store choice 
with the foods residents purchase and eat or with the health outcomes. Future research must 
take the next steps in identifying causal pathways between food shopping, food purchases, 
consumption, weight status, and health outcomes (Rose et al, 2010; USDA, 2009). A limited 
number of studies have analyzed data about food shopping behavior collected automatically 
through store loyalty cards (Ball et al, 2011), SNAP and WIC program participation (Caster 
and Henke, 2011), food store receipts (French et al, 2009; Holsten 2010), and Nielsen 
Homescan data (Volpe and Okrent, 2012). These types of data on food purchases could prove 
critical to making links between store choice, food choice, and health outcomes.

So what does understanding food choice do to improve food access in low-income 
communities? We still have much to learn about the relationship between food shopping 
behavior and health outcomes, but we do know that even when constrained by lack of personal 
and environmental resources people make choices about food stores. Current local, state, and 

(10) We are grateful to an anonymous referee for this observation.
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federal policies that direct subsidies to new supermarkets focus primarily on questions about 
the location of the new store (‘is this an area of need?’) and its business model (‘can this 
store succeed?’). The supermarket industry already takes advantage of extensive commercial 
market research to understand how to attract and retain customers. Research on food store 
choice focused on improving food access, however, may be used to inform public policy in 
regard to the type and location of stores that receive tax credits in order to maximize their 
potential to change food shopping behavior and improve the health of the population. This 
behavior approach to planning and evaluating place-based interventions provides another 
example of the value of combining planning and public health approaches to the broader 
set of problems that Paez et al (2010) call ‘accessibility deprivation’ or ‘patterns of social 
exclusion’. 

Acknowledgements. This project was supported by Agriculture and Food Research Initiative Grant 
No. 2010-85215-20659 from the USDA National Institute of Food and Agriculture Human Nutrition 
and Obesity Program. We are grateful to Jana Hirsch, Auguste Dutcher, Alexandra Kaplan, Keith 
Gantt, Paul Bailey, Akim Cooper, Sharon McCollum, Katie Oberwager, Laura Riley, Michelle Fang, 
and Aliou Diallo for their assistance with field data collection, Latifah Griffin and Nicole Thomas for 
supervising the field staff, and the Philadelphia Area Research Community Coalition for their advice 
about conducting field work in west and southwest Philadelphia.

References
Arentze T A, Oppewal H, Timmermans H, 2005, “A multipurpose shopping trip model to assess 

retail agglomeration effects” Journal of Marketing Research 42 109–115
Arnold S J, Ruth V, Tiger D J, 1981, “Conditional logit versus MDA in the prediction of store 

choice,” in Advances in Consumer Research Volume 08 Ed. K B Monroe (Association for 
Consumer Research, Ann Abor, MI) pp 665–670

Ayala G, Mueller K, Lopez-Madurga E, Campbell N R, Elder J P, 2005, “Restaurant and food 
shopping selections among Latino women in southern California” Journal of the American 
Dietetic Association 105 38–45

Baker E A, Schootman M, Barnidge E, Kelly C, 2006, “The role of race and poverty in access to foods 
that enable individuals to adhere to dietary guidelines” Preventing Chronic Disease 3 article 76

Ball K, McNaughton S, Mhurchu C N, Andrianopoulos N, Inglis V, McNeilly B, Le H, Leslie D, 
Pollard C, Crawford D, 2011, “Supermarket Healthy Eating for Life (SHELf ): protocol of a 
randomized controlled trial promoting healthy food and beverage consumption through price 
reduction and skill-building strategies” BMC Public Health 11 article 715

Beaulac J, Kristjansson E, Cummins S A, 2009, “Systematic review of food deserts, 1966–2007” 
Preventing Chronic Disease 6 article 105

Bell D R, Ho T-H, Tang C S, 1998, “Determining where to shop: fixed and variable costs of 
shopping” Journal of Marketing Research 35 352–369 

Blumenberg E, 2008, “Immigrants and transport barriers to employment: the case of Southeast Asian 
welfare recipients in California” Transportation Policy 15 33–42

Bodapati A, Srinivasan V, 2006, “The impact of feature advertising on customer store choice”, 
WP 1935, Stanford University Graduate School of Business, 
https://gsbapps.stanford.edu/researchpapers/detail1.asp?Document_ID=2817

Bodor J N, Rice J C, Farley T A, Swalm C M, Rose D, 2010, “The association between obesity and 
urban food environments” Journal of Urban Health 87 771–781

Briesch R A, Chintagunta P K, Fox E J, 2009, “How does assortment affect grocery store choice?” 
Journal of Marketing Research 46 176–189

Cannuscio C C, Tappe K, Hillier A, Buttenheim A M, Karpyn A, Glanz K, 2013, “Urban food 
environment and residents’ shopping behaviors” American Journal of Preventive Medicine 
45 606–614

Caspi C E, Sorenson G, Subramanian S V, Kawachi I, 2012, “The local food environment and diet: 
a systematic review” Health and Place 18 1172–1178



276 A Hillier, T Smith, C C Cannuscio, and coauthors

Caster L, Henke J, 2011, “Benefit redemption patterns in the Supplemental Nutrition Assistance 
Program”, final report to the US Department of Agriculture, Food Nutrition Service, Alexandria 
VA, http://www.fns.usda.gov/sites/default/files/ARRASpendingPatterns.pdf

Charreire H, Casey R, Salze P, Simon C, Chaix B, Banos A, Badariotti D, Weber C, Oppert J-M, 2010, 
“Measuring the food environment using geographical information systems: a methodological 
review” Public Health Nutrition 13 1773–1785

Clifton, K, 2004, “Mobility strategies and food shopping for low-income families: a case study” 
Journal of Planning Education and Research 23 402–413

Crane R, Daniere A, 1996, “Measuring access to basic services in global cities: descriptive and 
behavioural approaches” Journal of the American Planning Association 62 203–221

Dellaert B, Arentze T, Bierlaire M, Borgers A, Timmermans H, 1998, “Investigating consumers’ 
tendency to combine multiple shopping purposes and destinations” Journal of Marketing 
Research 35 177–188

DiSantis K, Grier S A, Odoms-Young A, Baskin M L, Carter-Edwards L, Yoing D R, Lassiter 
V, Kumanyika S K, 2013, “What ‘price’ means when buying food: insights from a multisite 
qualitative study with Black Americans” American Journal of Public Health 103 516–522

Drewnowski A, Aggarwal A, Hurvitz P M, Monsivais P, Moudon A V, 2012, “Obesity and 
supermarket access: proximity or price?” American Journal of Public Health 102(8) e74–e80

Dunkley B, Helling A, Sawicki D S, 2004, “Accessibility versus scale: examining the tradeoffs in 
grocery stores” Journal of Planning Education and Research 23 387–401

Ewing R, Haliyr P, Page G W, 1994, “Getting around a traditional city, a suburban planned unit 
development, and everything in between” Transportation Research Record number 1466, 53–62

Forsyth A, Lytle L, Riper D V, 2010, “Finding food: issues and challenges in using geographic 
information systems to measure food access” Journal of Transport and Land Use 3 43–65

Fotheringham A S, 1988, “Consumer store choice and choice set definition” Marketing Science 7 
299–310

French S A, Wall M, Mitchell N R, Shimotsu S T, Welsh E, 2009, “Annotated receipts capture 
household food purchases from a broad range of sources” International Journal of Behavioral 
Nutrition and Physical Activity 6 article 37

Glanz K, Sallis J F, Saelens B E, Frank L D, 2007, “Nutrition Environment Measures Survey in 
stores (NEMS‐S): development and evaluation” American Journal of Preventive Medicine 
32 282–289

Gordon C, Purciel-Hill M, Ghai N R, Kaufman L, Graham R, Van Wye G, 2011, “Measuring food 
deserts in New York City’s low-income neighborhoods” Health and Place 17 696–700

Handy S, 1996, “Methodologies for exploring the link between urban form and travel behavior” 
Transportation Research Part D: Transport and Environment 1 151–165

Handy S, Clifton K J, 2001, “Local shopping as a strategy for reducing automobile travel” 
Transportation 28 317–346

Handy S L, Niemeier D A, 1997, “Measuring accessibility: an exploration of issues and alternatives” 
Environment and Planning B: Planning and Design 29 1175–1194

Hillier A, Cannuscio C C, Karpyn A, McLaughlin J, Chilton M, Glanz K, 2011, “How far do low-
income parents travel to shop for food? Empirical evidence from two urban neighborhoods” 
Urban Geography 32(5) 712–729

Hillier A, Barnett M, Griffin L, 2012, “Food shopping among Chester residents: a preliminary 
study”, University of Pennsylvania, Philadelphia, PA, 
http://chesterfoodstudy.files.wordpress.com/2012/08/chester_food_study_09121.pdf

Hirsch J, Hillier A, 2013, “Exploring the role of the food environment on food shopping patterns and 
perceptions in Philadelphia, PA: a semiquantitative comparison of two matched neighborhood 
groups” International Journal of Environmental Research and Public Health 10 295–313

Holsten J, 2010 Exploring the Real Relationship Between Middle School Children’s Body Mass Index 
and the Home Food Environment Within the Contextual Process of Food Choice PhD thesis, 
University of Pennsylvania, Philadelphia, PA, 
http://respository, upenn.edu/cgi/viewcontent.cgi?article=11768context=edissertations



A discrete choice approach to modeling food store access 277

Kerr J, Frank L, Sallis J F, Saelens B, Glanz K, Chapman J, 2012, “Predictors of trips to food 
destinations” International Journal of Behavioral Nutrition and Physical Activity 9 article 58

Kipke M D, Iverson E, Moore D, Booker C, Ruelas V, Peters A L, Kaufman F, 2007, “Food and park 
environments: neighborhood-level risks for childhood obesity in east Los Angeles” Journal of 
Adolescent Health 40 325–333

Koenig J G, 1980, “Indicators of urban accessibility: theory and application” Transportation 9 
145–172

Krukowski R A, McSweeney J, Sparks C, West D S, 2012, ”Qualitative study of influences on food 
store choice” Appetite 59 510–516

Kryzek K, 2003, “Neighborhood services, trip purpose, and tour-based travel” Transportation 30 
387–410

Kwan M P, 1998, “Space–time and integral measures of individual accessibility: a comparative 
analysis using a point-based framework” Geographical Analysis 30 191–216

Kwan M P, 2000, “Interactive geovisualization of activity-travel patterns using three-dimensional 
geographical information systems: a methodological exploration with a large data set” 
Transportation Research Part C 8 185–203

Laska M N, Graham D J, Moe S G, Van Riper D, 2010, “Young adult eating and food-purchasing 
patterns: food store location and residential proximity” American Journal of Preventive 
Medicine 39 464–467

Lerman S R, Manski C F, 1979, “Sample design for discrete choice analysis of travel behavior: 
the state of the art” Transportation Research Part A: General 13 29–44

Lopez R P, 2007, “Neighborhood risk factors for obesity” Obesity (Silver Spring) 15 2111–2119
McFadden D L, 1974, “Conditional logit analysis of choice behavior” in Frontiers in Econometrics 

Ed. P Zaremba (Academic Press, New York) pp 75–96
Morland K, Filomena S, 2008, “The utilization of local food environments by urban seniors” 

Preventive Medicine 47 289–293
Morland K, Wing S, Diez-Roux A, 2002, “The contextual effect of the local food environment on 

residents’ diets: the Atherosclerosis risk in communities study” American Journal of Public 
Health 92 1761–1767

Neutens T, Schwanen T, Witlox F, De Maeyer P, 2010, “Equity of urban service delivery: a comparison 
of different accessibility measures” Environment and Planning A 42 1613–1635

Ohls J C, Ponza M, Moreno L, Zambrowski A, Cohen R, 1999, “Food stamp participants’ access 
to food retailers”, report prepared for the United States Department of Agriculture Food and 
Nutrition Service, Office of Analysis and Evaluation, Alexandria, VA, 
http://www.fns.usda.gov/sites/default/files/retailer.pdf

Oppewal H, Holyoake B, 2004, “Bundling and retail agglomeration effects on shopping behavior” 
Journal of Retailing and Consumer Services 11 61–74

Paez A, Mercado R G, Farber S, Morency C, Roorda M, 2010, “Relative accessibility deprivation 
indicators for urban settings: definitions and application to food deserts in Montreal” Urban 
Studies 47 1415–1438 

Pellegrini P A, 1997, “An empirical evaluation of parameter sensitivity to choice set definition in 
shopping destination choice models” Papers in Regional Science 76 257–284

Rhee H, Bell D R, 2002, “The inter-store mobility of supermarket shoppers,” Journal of Retailing 
78 225–237

Robinson R V F, Vickerman R W, 1976, “The demand for shopping travel: A theoretical and 
empirical study” Applied Economics 8 267–281

Rose D, Bodor J N, Hutchinson P L, Swalm C M, 2010, “The importance of a multi-dimensional 
approach for studying the links between food access and consumption” The Journal of Nutrition 
140 1170–1174

Ryan M, Gerard K, Mabel A-A (Eds), 2008 Using Discrete Choice Experiments to Value Health and 
Health Care (Springer, Dordrecht)

Sadler R C, Gilliland J A, Arku G, 2011, “An application of the edge effect in measuring 
accessibility to multiple food retailer types in Southwestern Ontario, Canada” International 
Journal of Health Geographics 10 article 34



278 A Hillier, T Smith, C C Cannuscio, and coauthors

Thomas B J, 2011, “Consumer agency and food retailer choice in an American urban neighborhood” 
Journal of Social Inclusion 2 5–22

Thompson J L, Bentley G, Davis M, Coulson J, Stathi A, Fox K R, 2011, “Food shopping habits, 
physical activity and health-related indicators among adults aged H70 years” Public Health 
Nutrition 14 1640–1649

Train K, 2009 Discrete Choice Methods with Simulation (Cambridge University Press, Cambridge)
Treuhaft S, Karpyn A, 2010, “The grocery gap: who has access to healthy food and why it matters”, 

Policy Link and the Food Trust, http://www.thefoodtrust.org/pdf/GroceryGap.pdf
USDA, 2009, “Access to affordable and nutritious food: measuring and understanding food deserts 

and their consequences”, US Departmental of Agriculture, Report to Congress, 
http://www.ers.usda.gov/Publications/AP/AP036/AP036.pdf

van der Ploeg M, Breneman V, Farrigan T, Hamrick K, Hopkins D, Kaufman P, Lin B, Nord M, 
Smith T A, Williams T, Kinnison K, Olander C, Singh A, Tuckermanty E, 2009, “Access to 
affordable, nutritious food is limited in ‘food deserts’ ”, Economic Research Service, 
US Department of Agriculture, 
http://www.ers.usda.gov/publications/ap-administrative-publication/ap-036.aspx

Volpe, R, Okrent, A, 2012, “Assessing the healthfulness of consumers’ grocery purchases”, 
US Department of Agriculture, Economic Research Service, 
http://www.ers.usda.gov/publications/eib-economic-information-bulletin/eib102.aspx

Walker R E, Keane C R, Burke J G, 2010, “Disparities and access to healthy food in the United 
States: A review of food deserts literature” Health and Place 16 876–884

Wang L, Lo L, 2007, “Immigrant grocery-shopping behavior: ethnic identity versus accessibility” 
Environment and Planning A 39 684–699

Webber C B, Sobal J, Dollahite J S, 2010, “Shopping for fruits and vegetables: food and retail 
qualities of importance to low-income households at the grocery store” Appetite 54 297–303

Weiss C C, Bader M, Quinn J W, Lovassi G, Neckerman K M, Rundle A G, Purciel M, 2011, 
“Reconsidering access: park facilities and neighborhood disamenities in New York City” Journal 
of Urban Health 88 297–310

Widener M J, Farber S, Neutens T, Horner M W, 2013, “Using urban commuting data to calculate 
a spatiotemporal accessibility measure for food environment studies” Health and Place 21 1–9

Yoo S, Baranowski T, Missaghian M, Baranowski J, Cullen K, Fisher J O, Watson K, Zakeri I F, 
Nicklas T, 2006, “Food-purchasing patterns for home: a grocery store-intercept survey” Public 
Health Nutrition 9 384–393

Zenk S N, Schulz A J, Matthews S A, Odoms-Young A, Wilbur J, Wegrzyn L, Gibbs K, Braunschweig C, 
Stokes C, 2011a, “Activity space environment and dietary and physical activity behaviors: 
a pilot study” Health and Place 17 1150–1161 

Zenk S N, Odoms-Young A M, Dallas C, Hardy E, Watkins A, Hoskins-Wroten J, Holland L, 2011b, 
“ ‘You have to hunt for the fruits, the vegetables’: environmental barriers and adaptive strategies 
to acquire food in a low-income African American neighborhood” Health Education Behaviour 
38 282–292

Zenk S N, Schulz A J, Odoms-Young A M, Wilbur J, Matthews S, Gamboa C, Wegrzyn L R, Hobson 
S, Stokes C, 2011c, “Feasibility of using global positioning systems (GPS) with diverse urban 
adults: before and after data on perceived acceptability, barriers, and ease of use” Journal of 
Physical Activity and Health 9 924–934

Zenk S N, Schulz A J, Israel B A, Mentz G, Miranda P Y, Alisha Opperman A, Odoms-Young A M, 
2014, “Food shopping behaviours and exposure to discrimination” Public Health Nutrition 17 
1167–1176


