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Abstract

Objective—Commercial listings of food retail outlets are increasingly used by community
members, food policy councils, and in multi-level intervention research to identify areas with
limited access to healthier food. This study quantified the amount of count, type and geospatial
error in two commercial data sources.

Methods—InfoUSA and Dun & Bradstreet (D&B) were compared to a validated field census
and validity statistics calculated.

Results—Considering only completeness, D&B data undercounted 24% of existing
supermarkets and grocery stores and InfoUSA 29%. Additionally, considering accuracy of outlet
type assignment increased the undercount error to 42% and 39%, respectively. Marked overcount
existed as well and only 43% of existing supermarkets were correctly identified with respect to
presence, outlet type, and location.

Conclusions and Implications—Relying exclusively on secondary data to characterize the
food environment will result in substantial error. While extensive data cleaning can offset some
error, verification of outlets with a field census is still the method of choice.

Keywords
retail food environment; secondary data sources; validity; geography

INTRODUCTION

Access to healthier food retailers is a topic of public health and political interest. Over the
past decade, an increasing number of studies have characterized the food environment and
evaluated its influence on health behaviors and health outcomes.2 Via the Food,
Conservation, and Energy Act of 2008, the United States (US) Congress directed the US
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Department of Agriculture (USDA) “to assess the extent of areas with limited access to
affordable and nutritious food, identify characteristics and causes of such areas, consider
how limited access affects local populations, and outline recommendations to address the
problem.” Since then, a variety of approaches to the identification of so called “food
deserts” or, conversely, environments supporting healthy food choices have been
proposed.5-9 Interactive websites, such as the USDA Food Environment Atlas and the Food
Desert Locator, provide geographic information on food access and the spatial distribution
of food retailers.10-12

Local food policy councils are increasingly advocating for improvements in food access,
including spatial access to healthier retail outlets. Furthermore, multi-level nutrition
interventions frequently entail an assessment of and changes to the retail food environment.
In response, a number of toolkits have been developed that assist community members in
mapping and evaluating their local retail food environment.13. 14

Inherent in the aforementioned efforts is the need to identify specific types of retail outlets,
such as supermarkets or grocery stores. Government reports and websites have been based
on readily available commercial (e.g. Dun & Bradstreet, InfoUSA) or public secondary data.
Most commercial databases include an outlet type designation such as the North American
Industry Classification System (NAICS) code or Standard Industry Codes and consider their
code assignments proprietary.1®

This group of investigators has previously explored the completeness of several secondary
databases’ listings of food retail outlets, noting marked overcount and undercount of
outlets.16 At that time, the assignment to outlet type categories was based on a research-
intense approach, not an automated algorithm that utilized the NAICS codes contained
within the databases. Because national policies on spatial food access are largely directed at
specific food outlet types and based on secondary data without further validation, this study
extends research to a comprehensive evaluation of the validity of Dun & Bradstreet and
InfoUSA data. The purpose of the present study was to quantify sequentially the impact of
errors due to the number of food retails outlets (count), type of retail outlet, and errors in
location (geospatial error) in these two secondary data sources by comparison to a field
census of food outlets that was validated in person for both location and type. Additionally,
this study explored whether the errors differed across a spectrum of Census tract
demographic and socioeconomic characteristics, because this type of differential
misclassification could potentially lead to biases in etiologic research and undermine the
identification of neighborhoods which are particularly disadvantaged with respect to their
food environment.17-19

This study was part of a larger effort aimed at developing spatial accessibility measures of
the built food environment for urban and rural areas in South Carolina.18 The study region
consisted of a geographically contiguous area of 5,575 square miles, including one urban
county and seven rural counties.

Field Census of Food Outlets

In preparation for the field census, i.e. direct observation and verification of all food outlets,
data from Dun & Bradstreet, InNfoUSA and the Licensed Food Services Facilities Database
from the South Carolina Department of Health and Environmental Control had been
obtained and were utilized to generate a comprehensive master listing (Figure 1, step 1).16
Duplicate entries and food outlets that were ineligible had been removed prior to merging
the three data sources into a single file by name and address. Certain types of food outlets
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were excluded, such as those only sporadically open, food outlets that serve special
populations such as school cafeterias or cafeterias in nursing homes, assisted living
facilities, or institutionalized settings, military settings, food preparation facilities for
catering businesses that have no publicly accessible retail store, alcoholic beverage drinking
places, and liquor stores.

The fieldwork was conducted by six persons who were trained under a standardized
protocol; they took 114 trips which covered nearly 7,000 miles (Figure 1, step 2). Counties
were treated individually in the field census and trips varied from two per county (Calhoun
County) to 27 (Richland County). The fieldwork began in September 2008 and concluded in
July 2009. The location (latitude and longitude) was recorded using a global positioning
system (GPS, Trimble Juno ST GPS; 3-5 m spatial accuracy; Trimble Navigation Ltd.,
Sunnyvale, California and Arc-Pad 7.1 software, ESRI, Redlands, California).

Name-Based Outlet Type Assignment

To assign each food outlet to a retail type, a name-based approach was developed (Figure 1,
step 3).16 An algorithm was programmed in SAS 9.2 (released 2008, Cary, NC, USA) which
assigned outlets based on their business name into one of 14 specific outlet types
(supermarkets, supercenters, grocery stores, warehouse clubs, convenience stores, dollar/
variety stores, drug/pharmacy, meat market, seafood market, green grocers, bakeries,
confectionary stores, full service restaurants including cafeterias and limited service
restaurants). For instance, “McDonald’s”, “Burger King” etc., were assigned the outlet type
“limited service restaurants”;“Kroger”, “Publix”, “Bi-L0”, “Piggly Wiggly” etc., were
assigned to the outlet type “supermarkets”. This assignment was conducted entirely
independent of existing NAICS codes. Any unassigned outlets were reviewed by team
members to manually identify and assign the outlet type. For all outlets that still could not be
assigned with certainty, additional internet research was conducted and the outlet facilities
were called to self-identify. For outlets newly discovered, the outlet types were assigned
during the verification effort in the field census.

Geospatial Analyses and Assignment of Census Tract Characteristics

All geospatial analyses were conducted within ArcGIS software (Version 9.3, ESRI,
Redlands, CA) using TIGER 2008 street network data.2? The GPS location taken during the
field census served as the reference for the geospatial analyses, against which the
commercial geocodes listed in Dun & Bradstreet or InfoUSA were compared.

US Census tract data on demographic and socioeconomic characteristics were obtained from
Summary Files 1 and 3 from the U.S. Bureau of the Census for 2000.16 Characteristics
included racial composition (majority white, majority black, and mixed defined as greater
than 60% of one race or else coded as mixed), median household income (categorized into
tertiles <$28,829 (low), $28,829-$36,875 (mid), >$36,875 (high)) and poverty status
(dichotomized as greater than 20% population below the 2000 poverty level into poor and
non-poor).2L: 22 Qutlets identified by the field census and outlets identified in either
secondary data source were assigned to a Census tract whereby outlets inherited the
attributes of their respective tracts based on their relative locations (point-in-polygon join).

Statistical Analyses

Both Dun & Bradstreet and InfoUSA contain a large amount of characteristics on each listed
retail outlet. Geo-coordinates (latitude, longitude) and NAICS codes had been retained
(Figure 1, step 1). For the purpose of this analysis, the NAICS codes were used to assign
each listed outlet to an outlet type in preparation of the statistical analyses (Table 1). This
process was automated in SAS using only the first NAICS code (primary code) as the basis
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of food outlet type assignment, similar to previous work.1® About 2% of outlets in Dun &
Bradstreet and InfoUSA had NAICS codes that did not match with the any of the codes
outlined and were dropped from the analyses because they could not be assigned a specific
outlet type.

For our analyses on the accuracy of food outlet listings, their type and their location in the
two secondary data sources (Dun & Bradstreet, InfoUSA) (Figure 1, step 4), the data from
the field census served as the comparison reference. The analyses were conducted in distinct
steps: First, validity statistics were calculated considering exclusively the completeness of
each data source (i.e. count accuracy).The results shown are virtually identical to those
published previously,16 the small differences being due to minor corrections after
publication. Next, both count and type assignment accuracy were considered. Sensitivity
(the fraction of truly existing food outlets that was captured in a given secondary data
source) and positive predicted values (PPV, the fraction of the food outlets listed in a
commercial data source that was found to be open) were calculated and 95% confidence
intervals (CI) estimated for each of these proportions by approximating the binomial
distribution with a normal distribution. Both the undercount (100 minus sensitivity) and
overcount (100 minus PPV) were calculated. To explore the impact of neighborhood
characteristics on validity, the analyses for the supermarket and grocery store category were
repeated, stratifying by levels of three Census-based characteristics: race (White, Black,
Mixed), income (low, mid, high), and poverty level (poor, not poor). Fisher’s exact tests
were used to test differences in validity between the levels. Finally, the evaluation was
extended to include consideration of geospatial accuracy in addition to type and count
accuracy. The geospatial position listed in the Dun & Bradstreet and InfoUSA data was
considered accurate if it was situated within 0.5 miles of their Census tract location
determined in our field census, to be consistent with several policy-level food access.8 23
Statistical analyses were conducted using SAS software (version 9.2; released 2008, SAS
Institute, Inc., Cary, North Carolina).

The field census identified a total of 1,697 food outlets in the categories shown in Table 2,
Dun & Bradstreet identified 1,448 outlets, and InfoUSA identified 1,583 outlets in the listed
categories.

Compared to consideration of only the count error, additional consideration of type
assignment errors resulted in poorer validity statistics for all food outlet types (Table 3). For
instance, for supermarkets and grocery stores, the sensitivity was reduced from 0.76 to 0.58
in Dun & Bradstreet and from 0.71 to 0.61 in InfoUSA. This corresponds to a notable
undercount of existing supermarkets and grocery stores (42% in Dun & Bradstreet and 39%
in InfoUSA\) if relying exclusively on NAICS codes. Specifically, incorrect designations of
supermarkets and grocery stores as dollar stores, convenience stores, and pharmacies by
Dun & Bradstreet and as department stores, convenience stores and a few other store types
by InfoUSA were observed. The PPV statistics were reduced from 0.73 to 0.39 for Dun &
Bradstreet and from 0.83 to 0.57 for InfoUSA for supermarkets and grocery stores when
relying exclusively on NAICS codes. This corresponds to a marked over-assignment
(overcount) of outlets into the supermarket and grocery store category (61% in Dun &
Bradstreet and 43% in InfoUSA) when relying on NAICS codes. Specifically, incorrect
designations of dollar stores and convenience stores (in Dun & Bradstreet) and convenience
stores (in InfoUSA) into the supermarkets and grocery store category were observed.

With respect to full service restaurants, InfoUSA data exhibited a moderate undercount of
restaurants (35-38%), performing better than Dun & Bradstreet (65% undercount). Limited
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service restaurants, however, were virtually not identifiable using NAICS codes in InfoUSA,
with an undercount of 92%, because many existing limited service restaurants were
designated incorrectly as full service restaurants.

As shown in Table 4, for Dun & Bradstreet, no evidence for systematic differences in the
validity statistics of supermarkets and grocery stores were found between levels of
neighborhood characteristics. For InfoUSA, a significantly higher undercount of
supermarkets and grocery stores in predominantly white neighborhoods compared to
predominantly black neighborhoods (46% vs. 25%), high and mid-income compared to low
income neighborhoods (41% vs. 18%) and non-poor compared to poor neighborhoods (45%
Vvs. 22%) was observed. Overcount error also varied across neighborhood socioeconomic
characteristics in InfoUSA, with higher error in the mid and high-income neighborhoods
compared to the low income neighborhoods (43% vs. 23%).

Evaluating count and type accuracy and geospatial accuracy (Table 5) revealed that of the
supermarkets and grocery stores existing in the study area, only 43% were listed and located
accurately in both Dun & Bradstreet and InfoUSA, i.e. were listed with the correct outlet
type and at a location within 0.5 miles of their actual Census tract. All other outlet types
faired worse. As shown in Table 4, both Dun & Bradstreet and InfoUSA data exhibited
about 57% undercount of supermarkets and grocery stores, and even higher levels for other
outlet types.

DISCUSSION

Of the many types of food retail outlets, this paper focuses on the subset that are directly
relevant to current policy-level indicators of community food access.68 Consistent with the
report by Powell et al.,1° this study found that validity statistics for supermarkets and
grocery stores outranked convenience stores, specialty stores, and full and limited service
restaurants. Sensitivity estimates reported for supermarkets and grocery stores by Powell et
al. (0.62 in Dun & Bradstreet and 0.74 for InfoUSA) and by Lisabeth et al. (0.85 for
ReferenceUSA, which is part of the InfoUSA product lines) were very similar to ours when
using a research intense, name-based typing approach and focusing only on count accuracy,
i.e. ignoring any potential inaccuracies of the NAICS codes.16: 19. 23 This suggests that of
the various outlet types, supermarkets and large grocery stores can be reasonably accurately
identified in both Dun & Bradstreet and InfoUSA data, especially if using a name-based
typing approach similar to this and other studies.18: 23 Other outlet types, including
convenience stores, small grocery stores, and fast food restaurants which may be used in the
characterization of non-health-promoting environments® will likely harbor substantially
more error.

This study revealed a number of NAICS code assignment issues specific to each of the
secondary data sources. In Dun & Bradstreet and InfoUSA, convenience stores were often
incorrectly designated as supermarkets and grocery stores. This practice resulted in a very
poor overall PPV (0.39 for Dun & Bradstreet, 0.57 for InfoUSA) for the supermarket and
grocery store category when relying on NAICS codes. Furthermore, both our study and that
of Powell et al.1? suggest that InfoUSA systematically assigns the full service restaurant
NAICS code to traditional fast food restaurants, thereby resulting in a low PPV for full
service restaurants (0.45) and a low sensitivity for limited service restaurants (0.08,
undercount 92%). Taken together, these results suggest relying exclusively on NAICS codes
for assignment of outlet types will result in a large number of systematic errors.

Previous research had already pointed toward one specific NAICS coding issue related to
the convenience store category, which could have resulted in markedly higher under-
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ascertainment of that cateogry.1% 24 However, by including not only one but three NAICS
codes for the convenience store category, i.e. additionally including gas stations with
convenience stores and so called “other gas stations” in our data request, we were able to
prevent additional errors.

This study also sheds light on the combined impact of count, type and geospatial error. The
Census tract plus a 0.5 mile buffer was chosen as a relevant geography to be consistent with
the geographies of the CDC’s healthier retail tract indicator and the modified retail
environment index and other policy indicators.5: 8 The findings have the following
implications: For instance, if one were to rely exclusively on information contained in either
Dun & Bradstreet or InfoUSA, only 43% of existing supermarket or grocery stores would
actually have been found in the database with accurate outlet type and geo-coordinates that
placed them in the correct Census tract including a 0.5 mile buffer. This implies an
undercount in the databases of 57%. What impact these inaccuracies would have on Census
tract-based policy indicators remains to be evaluated.

Assuming one had to rely on a single data source, the results suggest that — due to lower
count, type and geospatial errors — there may be a small advantage of using InfoUSA data
for the identification of supermarkets and grocery stores, convenience stores, specialty
stores, and full service restaurants. For the identification of limited service restaurants, Dun
& Bradstreet clearly outranks InfoUSA. This study furthermore suggests that review and re-
assignment of NAICS code assignments or use of a name-based assignment method can
reduce the amount of type error. Some differences in accuracy associated with neighborhood
characteristics for the supermarket and grocery store category in the InfoUSA but not the
Dun & Bradstreet data were observed. To date, the literature has been very inconsistent with
respect to the presence and direction of differences in the accuracy of data sources across
levels of neighborhood characteristics.17-19: 23 Thus, this database characteristic may not be
a distinguishing feature. In practice, other considerations may also be important for the
choice of database, such as availability of archived data for years past, availability or
completeness of other store attributes such as employee number. or cost considerations.

There are several limitations and strengths to this study. Unlike other studies,19 in this study
the field census teams did not enter the stores to conduct an independent, objective
assessment of the outlet type. Instead, information embedded in the outlet name, common
knowledge of large franchised food outlets, and internet and phone research was used,
similar to the process outlined by Lisabeth et al..23 Secondly, the possibility that some food
outlets discovered may have been listed in a secondary data source, but under a NAICS code
that we did not request (e.g. 446191 Food/health supplement stores) cannot be ruled out.
Furthermore, the analysis was based exclusively on each outlet’s primary NAICS code,
because that is thought to be the overarching type designation. Lastly, while the field census
attempted to be comprehensive, the possibility that some outlets were overlooked cannot be
excluded.

The strengths of the study include that validity statistics were presented based on two
distinct approaches that may be conceptualized as different levels of data cleaning. The
NAICS code-based approach to type assignment probably represents a process that will be
needed for national or large-scale studies. The name-based approach represents a level of
data cleaning possible for smaller scale, in-depth studies.16: 23 Some partial assignments
based on names have also been employed by previous efforts.19: 24 Furthermore, this study
included geospatial information which was obtained during the field census using GPS and
thus was able to establish the location using this objective method, which additionally
allowed an evaluation of the joint impact of count, type and geospatial inaccuracies.
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IMPLICATIONS FOR RESEARCH AND PRACTICE

Local communities, state, and federal agencies are increasingly interested in assessing and
improving the food retail environment and are frequently using commercially available,
secondary data sources in these efforts. This study suggests that relying exclusively on
available NAICS codes and geocodes in secondary data sources for the assignment of food
outlets to type categories and Census tracts will result in substantial error. Extensive data
cleaning efforts are essential for the reliable use of the two secondary data sources evaluated
here, for both research and practice efforts. Ideally, however, a field census should be
conducted to verify the presence of food outlets. Undoubtedly, the errors contained within
secondary data sources will also affect policy-level food environment indicators, such as the
measures of community food access proposed by the USDA and other agencies, 8 9 as
these are typically entirely dependent on secondary data.
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Flow diagram of study methods of a South Carolina food retail environment study
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