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In this article, fraud in public delivery programs is approached using spatial analysis. By exam-
ining welfare recipients’ consumer behaviors in a spatial framework, it is possible to identify
stores that draw an anomalous clientele, such as those who travel long distances and avoid stores
in their local area, indicating that these stores may be committing fraud. This article shows how
this idea can be operationalized for monitoring fraud to secure public accountability.
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Introduction

The basic premise of this article is that, in general, individuals obtain their services from
providers that are in close proximity to where they live. Using this premise as the starting
point, the article shows that spatial models which go beyond the deterministic use of prox-
imity can help to identify patterns that ensue from these habits. Deviations from such pat-
terns could be indicative of unusual, perhaps illegal, behavior, such as fraud, which is
defined as a misrepresentation of asset values (Sutherland, 1940).

Fraud in Food Assistance Programs

The Food Stamp Program and the Special Supplemental Nutrition Program for Women,
Infants, and Children (WIC) are public delivery programs implemented by the U.S.
Department of Agriculture (USDA). Together, these programs spend over $35 billion per
year ($31 billion for food stamps and $5 billion for WIC in fiscal year 2005) to provide
food and nutritional supplement for the needy.
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For such large programs, even a small amount of fraud adds up to a substantial mone-
tary loss at the aggregate level (Bolton & Hand, 2002). For example, between 1999 and
2002, trafficking (the exchange of public benefits for cash) diverted approximately $395
million per year from food stamp benefits (Macaluso, 2003), which is a loss of 2.2% of the
total costs of $18 billion each year.

Whereas in the private sector, theft or “shrinkage” is mainly due to customers or employ-
ees acting as individuals, fraud in public programs more often requires the active partici-
pation of the program participant as well as the service provider, such as vendors. Vendors
are private entities that contract with public agencies to deliver public services. In public
delivery programs, participants can commit fraud, but the feasibility of fraud is enhanced
by complicity on the part of vendors.

Currently, several types of vendor fraud have been identified in the WIC program.
Overcharging is the main source of fraud. One study (USDA, 2001) showed that, in three
separate investigations of WIC retail vendors, 18.1% were involved in overcharging1 viola-
tions one or more times, including 12.4% that overcharged once, 4.2% that overcharged
twice, and 1.5% that overcharged all three times. Other illegal activities of vendors include
forcing a participant into unwanted purchases, allowing substitutions for prohibited items,
and involvement in trafficking.

Because vendor violations are more prevalent and substantial than participant or employee
violations in WIC (General Accounting Office, 1999), the focus of traditional fraud detection
methods has been primarily on identifying “high-risk” vendors who have a high probability
of committing vendor violations, using criteria such as store characteristics, sales volume,
participant complaints, and field investigations (USDA, 2000). Although these criteria have
been widely used, they are fairly simplistic and focus on small vendors, large WIC sales vol-
ume, or vendors against whom complaints have been received. Field investigations are time-
consuming, expensive, and easy to avoid.

More importantly, these criteria are less effective in uncovering the interactions between
corrupt vendors and participants. Attention has rarely been given to the underlying mecha-
nisms of fraud in public delivery programs. Thus, the basic mechanisms have rarely been
incorporated in designing fraud detection methods. In other words, the traditional detection
methods using simple criteria treat fraud as separate individual decisions rather than view-
ing it as the result of complex interactions.

This article begins with a brief review of the theoretical underpinnings of store choice mod-
els and their applications. The policy context and data used to illustrate the conceptual frame-
work are then discussed. Finally, the article shows that using spatial analysis makes it possible
to identify stores, on the basis of anomalous behavior, as potentially involved in fraudulent
behavior. We conclude with a discussion of the implications and limitations of this approach.

Store Choice

Store Choice Models

The literature on how consumers choose stores is vast. The underlying models can be cat-
egorized into three approaches based on normative assumptions, revealed preference, and
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direct utility (Craig, Ghosh, & McLafferty, 1984). The early models rely on observations and
normative assumptions regarding consumer behavior. For example, the nearest center hypoth-
esis assumes that consumers patronize the nearest store providing the required goods and ser-
vices. Gravity models are developed as an analogy to Newton’s theory of gravitational
attraction. The degree of attraction between two stores is based on the size of the stores and
the distance between them. The main criticism of this approach is that it does not take con-
sumer behavior and patronage into consideration.

While gravity models use a standard Newtonian attraction to predict consumer store
choice, the revealed preference approach uses past behaviors to explain consumer store
choice. Huff’s spatial interaction model (1964) occupies a unique position between grav-
ity models and the models based on revealed preference. The Huff model (1) incorporates
two important principles. First, the patronage area of the consumer is probabilistic rather
than deterministic. Second, the probability of a consumer visiting a particular store is a
relative measure equal to the ratio of the utility of that store to the sum of utilities of all
the stores considered by the consumer. In the model, as in the gravity models, the utility
of the store is based on store size (the amount of floor space) and distance from the
consumer.

The Huff spatial interaction model may be expressed as

(1)

where

pij is the probability of consumer i visiting store j;
J is the set of competing stores in the region;
Uij is the utility of store j for consumer i;
Sj is the size of store j;
Dij is the distance between consumer i and store j; and
α and β are the parameters.

Empirical studies have found the Huff model to be reasonably accurate in predicting the
market share of shopping centers (Craig et al., 1984; Yrigoyen & Otero, 1998). However,
this model has been criticized as being simplistic in its explanation of complex consumer
store choice behavior.

Extensions of the Huff model have included other store attractiveness attributes, such as
service or product quality, image, price, availability of parking (Craig et al., 1984; Drezner &
Eiselt, 2002), loyalty (Knox & Denison, 2000), and reputation (Ou, Abratt, & Dion, 2006).
Two commonly used extensions are the multiplicative competitive interaction (MCI) models
and the multinomial logit (MNL) models. MCI models were introduced by Nakanishi and
Cooper (1974, 1982) and Cooper and Nakanishi (1983) to study retail location in a competi-
tive environment (Ghosh & Craig, 1983). MNL models have been used to estimate store
choice probabilities using discrete choice data (Gaver, 1980; Hauser, 1980; McFadden, 1980;
Suárez, del Bosque, Rodríguez-Poo, & Moral, 2004).

Pij = Uij
s∑

j=1
Uij

= Sα
j · Dβ

ij
s∑

j=1
Sα

j · Dβ

ij
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Many of the early applications of the model stayed close to the physical science interpre-
tations, including the Newtonian analogy where the square of distance is the appropriate
power function. Larger exponents were introduced to indicate that the friction of distance
becomes increasingly important in reducing the expected level of interaction between two
locations (Haynes & Fotheringham, 1984). However, a later study of the Huff model found
that store size has a greater influence on store choice than distance (Eppli & Shilling, 1996).

Models that incorporate the revealed preference seem to perform better than those based
on a normative approach. However, some problems still remain in that consumers reject
stores beyond a certain distance, and parameters estimated in the models are context depen-
dent. Direct utility was introduced as an approach to overcome context dependency by cal-
ibrating parameters from simulated choice data using hypothetical store descriptions (Craig
et al., 1984).

Applications of Store Choice Models

The traditional uses of store choice models also vary. They include not only trading area
analyses, as discussed above, but also location allocation decisions (Benoit & Clarke, 1997;
Drezner & Hamacher, 2002; Serra & Colomé, 2001) and spatial accessibility analyses
(Fortney, Rost, & Warren, 2000; Guagliardo, 2004; Kwan & Weber, 2003). In other words,
these store choice models have been frequently used to locate businesses and other social
infrastructure amenities.

The main difference between public and private sector applications for location deci-
sions is to be found in the objective function of the models (Revelle, Marks, & Liebman,
1970). The objective in public sector applications is to maximize social utility or to mini-
mize social costs (Marianov & Serra, 2002). On the other hand, the objectives of location
decisions in the private sector applications are to minimize the total costs of transportation,
or to maximize profits or market share.

For example, public facility location models have focused on building social infrastruc-
ture, such as schools, emergency centers, and health clinics, to meet the basic needs of the
population (Dear, 1978; Hansen, Peeters, & Thisse, 1983; Rosenberg, 1984). These models
help identify, within a set of policy constraints, better location choices for providing program
benefits and goods to spatially dispersed populations. Private sector location models have
been developed to choose locations in competitive markets for franchises, grocery stores,
and convenience stores (Drezner & Eiselt, 2002; Houston & Stanton, 1984; Leszczyc, Sinha,
& Timmermans, 2000). Spatial models have been used to secure the spatial accessibility of
consumers in the competitive environment.

Applications of these models to a policy context raise a number of issues (Moore, 1983,
2002; Murray; 1983) regarding the suitability of store choice models in contexts where
poor people are seeking services. Calibration of such models needs to be context depen-
dent, particularly for policy analysts whose goals are very different from wanting to maxi-
mize profit or market share. Although it may seem that calibration of these models is best
done with real data, that approach also raises a number of other issues pertaining to the
quality of the data2 and their availability (Huff, 2003; Tilly, 2006).

In this article, a different use of the models is examined in the context of public service
delivery programs. In spite of the limitations of the store choice models, they provide a
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simple starting point for examining the differences between the predicted and actual
choices of participants selecting vendors that provide public services. After calculating pre-
dicted store choice probabilities of all participants for all vendors, the statistics can be sum-
marized and compared with the observed store choices of participants at each vendor. This
exercise would capture the general propensity of vendors in terms of the kinds of partici-
pants they interact with at a certain point in time. Therefore, a measure can be constructed
to show each vendor’s propensity based on the spatial interaction with program partici-
pants. This measure can be utilized for identifying anomalies which could imply fraud in
the delivery of public services.

This exercise serves two purposes. First, it offers a practical method for identifying high-
risk vendors, thus providing a resource-effective tool for public accountability and perfor-
mance management. Second, it helps identify the spatial patterns that may help discriminate
among different types of interactions between vendors and participants to provide a more
focused subsequent investigation.

One possible explanation of abnormal spatial patterns could be fraud, because decision
factors that explain general consumer shopping behavior under normal circumstances
failed to predict participant behavior. It can be hypothesized that the possibility of illegal
benefit exchanges at a vendor attracts certain participants who are more inclined to partic-
ipate in fraud.

On the other hand, the marketing literature suggests another explanation, which is that
the anomalous pattern may occur due to cultural coherence between stores and consumers
(Eckman, Kotsiopulos, & Bickle, 1997; Ogden, Ogden, & Schau, 2004; Wang, 2004). If a
vendor with a certain cultural characteristic, such as country of origin, attracts participants
who have the same characteristic, the model that does not include such a factor may also
not be able to explain the anomaly. These ideas are examined in the context of Ohio WIC.

Policy Context

Ohio WIC aims to safeguard the health of low-income women, infants, and children up
to age 5 who are at nutritional or health risk. The program provides nutritious supple-
mental foods, nutritional education, and referrals to health care and other social services.
In terms of participation, Ohio WIC is the eighth largest program in the United States as of
July 2006. Currently, Ohio WIC serves approximately 277,000 participants each month,
with a budget of over $150 million each year ($110 million for food costs and $45 million
for nutrition services and administrative costs in 2005).3 Ohio WIC has contracts with over
200 local clinics and 1,400 vendors in all 88 Ohio counties.

Each month, participants receive three or four vouchers at local clinics for food benefits.
These participants are expected to use their benefits at WIC vendors within a specified
period. Each voucher specifies what products and quantities the participant can purchase,
as well as the maximum prices that the state will pay for an allowable food. After partici-
pants use the vouchers at vendors, WIC vendors submit the vouchers to the state for reim-
bursement. The state pays the vendor for the voucher after a validation process. The state
also monitors the overall flow of all transactions in the WIC system. Each month, approx-
imately a million vouchers are processed by the Ohio WIC program.
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Data

Data were compiled from three different sources in Ohio WIC. The WIC certification sys-
tem provided detailed information on program participants. The vendor management system
(VMS) collects demographic information on WIC vendors that contract with the state to pro-
vide food to participants. Finally, one month (April 2004) of payment data were retrieved to
identify participants who used their vouchers along with the vendors where these benefits
were redeemed. In addition to the three data sources, snapshot compliance investigation data
were later utilized to overcome the limitations of routine monitoring of payment data.

Given the size of the program and voucher transactions, we limit our analysis for illus-
trative purposes to an urban Ohio county. A county is an administrative boundary of WIC
at the local level. We analyzed 78,236 voucher transactions from 22,874 participants at 78
vendors in the county. It shows that a participant used approximately 3.4 food vouchers that
were issued for use during April 2004. Voucher transactions from participants with missing
home addresses were excluded because measuring distance between participants’ home
addresses and vendors’ locations is crucial to this study.

Although the unit of analysis is the interaction between vendors and participants, infor-
mation is summarized by vendor because they are the main focus of monitoring for fraud
by the state. There appears to be considerable variety among the vendors licensed by the
state to provide food for participants in the WIC program. The average number of check-
out lanes per vendor is 9, ranging from 1 to 37. The size of store implicitly reflects the type
of business. Whereas small vendors with one or two lanes are family owned, larger vendors
belong to national chains. In the month of study, the average number of voucher transac-
tions at each vendor was approximately 1,000, ranging from a minimum of 12 to a maxi-
mum of 4,520 transactions.

Vendor Propensity Measures

In an effort to construct a measure of the propensity of a vendor to commit fraud, the
Huff model was used with standard parameter values, that is, � � 1 for size and � � �2 for
distance. It is assumed that a participant’s store choice is mainly based on whether she can
save money while shopping and whether the store is close to the participant’s home. There
is a higher chance of saving money on grocery items, other than WIC foods, in larger stores
than in convenience marts. However, distance is believed to be more crucial for women
with children at health risk because their mobility may be limited. Hence, the two criteria
incorporated in the model are size and distance.

The number of checkout lanes serves as a proxy measure for store size. The vendors’ and
participants’ addresses were geocoded using ArcGIS and a census street file of the county.
Euclidean distances (not travel distance) between the vendors’ and participants’ locations
were calculated using Matlab. After two critical factors in the Huff model, store size and
distance, were obtained, participants’ vendor selection probabilities were calculated. This
computation allowed the creation of a probability matrix among all participants and ven-
dors. Hence, both the model’s estimated probability and the actual behavior of the partici-
pants in their visits to the vendors were identified.
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The steps involved in obtaining the propensity measures and spatial patterns are as fol-
lows:

Step 1: Collect data on the location of vendors and participants and other relevant information
regarding vendor and participant characteristics to be included by selecting a relevant
store choice model (i.e., the Huff model).

Step 2: Compute the store choice probability, which is the theoretical probability (pij) of par-
ticipant i shopping at vendor j based on the characteristics.

Step 3: Create a pij matrix for all vendors and participants.
Step 4: Group participants’ pij’s by vendor where the participants actually used the vouchers.
Step 5: Calculate statistics (minimum [MIN], maximum [MAX], and average [MEAN] val-

ues) of pij’s for each vendor to use as vendor propensity measures.
Step 6: Examine the spatial patterns of the vendors.
Step 7: Explore the explanations of abnormal spatial patterns.

Propensity measures consist of values of the mean (MEAN) and maximum (MAX) of
participants’ vendor selection probabilities at a vendor grouped by observed participant
behaviors. For any vendor, MEAN is the average propensity that a participant will visit that
vendor and MAX is the highest probability of a participant visiting that vendor among
alternatives. Ideally, one would expect participants to visit vendors with high MEAN and
MAX values if the store choice model provides a reasonable explanation of participants’
store choice behavior.

Results

Distribution of Vendor Propensity Measures

The interpretation of vendor propensity measures is straightforward. For example, a
MEAN of 0.40 at a hypothetical Vendor X indicates that, on average, Vendor X attracted
participants who have approximately a 40% chance of visiting the vendor among alterna-
tives. According to the store choice model, a high MEAN indicates that, on average, the
vendor attracts participants who have higher probabilities of visiting the vendor. On the
other hand, a low MEAN shows that the vendor attracts participants who have a low chance
of visiting the vendor. The other measure at a vendor, MAX, also provides useful informa-
tion. Vendors with low MAX are losing participants who have a theoretically high chance
of visiting the vendor. Therefore, vendors with low MEAN and/or low MAX are potentially
attracting participants who would not visit them under normal circumstances. Alternatively,
they are losing participants who would normally visit them. This is anomalous behavior
from the perspective of standard store choice models.

In the data set consisting of 78 vendors in the county, MEAN was 0.19, ranging from a
minimum of 0.01 to a maximum of 0.47. On average, MAX was 0.77, ranging from a min-
imum of 0.01 to a maximum of 0.99. Figure 1 presents the distribution of vendors by
MEAN and MAX. A cluster of vendors with extremely low MEAN and MAX is circled in
the lower left corner. For example, a vendor with MEAN and MAX that are close to zero
implies that the vendor was not attracting those who were likely to visit the vendor
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(extremely low MAX) and was attracting those who were not likely to visit the vendor
(extremely low MEAN). This provides a starting point for further investigation.

Explaining the Anomalies

If a vendor attracts participants by providing illegal benefits and certain participants
respond to this offer, decision factors in the model, such as size and distance, may not play
a critical role in participants’ vendor selection decisions. On the other hand, if a vendor is
known to commit fraud, it is highly likely that some participants may be attracted to the
vendor or repelled by the illegal activity. In such situations, the model prediction will be
different from actual behavior.

To test this hypothesis, vendors were grouped by their level of risk based on two meth-
ods: (a) the state’s routine High-Risk Vendor Identification Index based on monthly pay-
ment activities, and (b) actual compliance investigations in the county. Neither of the
methods is perfect for grouping the vendors by risk level. The High-Risk Vendor
Identification Index is based on practical experience and is used as a routine monitoring
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Figure 1
Scatterplot of Propensity Measures (MEAN and MAX values) for 78 Vendors

N�78 Mean Std. Dev. Min Max

MEAN 0.19 0.11 0.01 0.47
MAX 0.77 0.29 0.01 0.99

Note: Descriptive statistics of vendor propensity measures (MEAN and MAX).



procedure to identify outliers. The compliance investigations serve as a check, and they
complement the first method.

First, the 78 vendors were grouped by the High-Risk Vendor Identification Index. The
index consists of three indicators to assess WIC sales volume at the vendor. The indicators
are (a) vendor redemption ratios based on the fact that not all benefits in food vouchers are
redeemed by participants, (b) WIC sales per lane, and (c) food package costs per partici-
pant at the vendor. Indicators (b) and (c) are used for identifying outliers compared to their
peers in terms of store size and participants’ food purchase. The vendor is considered to
be at risk when it exceeds a certain threshold for the indicators. When the vendor exceeds
the threshold, it is assigned 1; it is assigned 0 otherwise.4 The state High-Risk Vendor
Identification Index is the sum of the three indicators. Of the 78 vendors, 8 vendors (10%)
met two or three indicators at the same time. These 10% of the vendors were categorized
as high risk, whereas the remaining 90% were classified as not high risk.

Second, vendors in the county were grouped by the results of compliance investigations
that were implemented from April to June 2004. Of the 78 vendors, 51 vendors were
selected for compliance investigations due to resource constraints. Three methods were
used to select these vendors: (a) those that had been previously identified as high risk by
the High-Risk Vendor Identification Index, (b) vendors suggested by specialists who had
field experience, and (c) random sampling from those who were not identified by either
method. This procedure overestimates the likelihood of a vendor committing fraud and
therefore the potential number of vendors who might violate their contract. Among these
51 vendors, 12 vendors (24%) were found to have committed vendor violations in the
investigation data. The results showed that 6 high-risk vendors identified using the High-
Risk Vendor Identification Index were also found to commit vendor violations in the field
investigation. The remaining 6 vendors were those who were not categorized as high risk
by the High-Risk Vendor Identification Index but were identified as committing vendor vio-
lations in the field investigation.

Figure 2 presents MEAN box plots by risk group in both grouping methods. In the left
figure, vendors were grouped by the High-Risk Vendor Identification Index. MEAN was
significantly lower (0.05) in the high-risk group compared to the non-high-risk group
(0.20). The right figure shows MEAN for the high-risk group (0.14) and non-high-risk
group (0.21) when the vendors were grouped by the actual compliance investigation. In
both figures, the high-risk vendors attracted those who have a relatively low probability of
visiting the vendors compared to the non-high-risk vendors. In other words, the high-risk
vendors attracted substantial numbers of participants who were not expected to visit. The
basic statistics of MEAN by the two different grouping methods are reported in Table 1.

The field investigations and demographic information were further analyzed to examine
whether cultural factors could explain these differences. The county from which these data
were obtained has a substantial population of poor immigrants. The clustered stores in Figure
2 were owned by people of the same country of origin as the immigrants. We refer to them
here as specialty vendors. In terms of interactions, seven of the eight specialty vendors in the
county showed low MEAN (0.01~0.03) and low MAX (0.01~0.63). Of the seven high-risk
vendors, four vendors with low MEAN were reported to have had overcharge violations, and
two vendors had other problems, such as not having price tags for food on their shelves or not
returning food vouchers. The remaining vendor had substitution violations. Interestingly, a
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Figure 2
Comparison of Vendor Propensity Measures by Risk Groups 

Categorized by Two Grouping Methods

Note: The left-hand figure shows the distribution of MEAN when vendors are grouped by the High-Risk Vendor
Identification Index. The right-hand figure shows the distribution when vendors are grouped by the results of
actual field investigation. The white lines in the box plots show medians. Note that the total number of vendors
included is not very large. Therefore, these figures should be interpreted with caution. See Table 1 for statistics
on this comparison.



specialty vendor was reported to commit overcharge violations in the compliance investiga-
tion, although it seemed to have relatively high propensity measures (MEAN: 0.23; MAX:
0.80) compared to the other seven high-risk specialty vendors. Therefore, cultural coherence
could explain the anomaly, but it does not refute fraud in this context.

An explanation for why the last specialty vendor was different from the others in terms
of spatial interactions was also needed. Among the eight specialty vendors, four vendors
participated in the program since August 2002, and the other four vendors participated
since August 2003. The vendor belonged to the August 2002 cohort. When the historical
WIC sales activities were compared (from October 2002 to April 2004), among the August
2002 cohort, the vendor was the only one that was not categorized as a monetary high-risk
vendor until October 2003. After October 2003, the vendor started meeting one of the three
indicators by violating the vendor redemption ratio. It was also noticed that the location of
the vendor geographically appeared out of place compared to other specialty vendors.

Discussion

In this article, the utility of store choice models was tested by constructing vendor
propensity measures for monitoring fraud in the context of public delivery programs. This
approach provides an opportunity to test whether traditional economic models based on
rationality can be utilized in such a context. The abnormal spatial patterns associated with
high-risk vendors were also identified. The study shows that these measures can be effec-
tive tools for monitoring vendor performance. However, it is more important to realize that
the context should be carefully understood to reduce the possibility of alternative explana-
tions for the observed results.

The current practice of fraud prevention and detection treats and focuses on the players
in the program separately. For example, current policy is developing by focusing indepen-
dently on vendor schemes, internal employee schemes, and client schemes. This approach
does not consider fraud in public programs as an outcome of interactions among the differ-
ent entities. Even with all of the obvious limitations of the theoretical model, this research
shows that capturing static interactions using a store choice model can be a useful tool for
identifying abnormal spatial patterns of fraudulent behavior among vendors and participants.

The State of Louisiana built an excellent geographic information systems (GIS) and
business intelligence (BI) framework for discovering fraud (Frontenot, 2004). Louisiana’s
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Table 1
Comparison of MEAN by Two Vendor-Grouping Methods for the 

Purpose of Evaluating Vendor Propensity Measures

MEAN The High-Risk Vendor
Identification Index (N �78) Actual Investigations (N �51)

Mean Std. Dev. Freq. Mean Std. Dev. Freq.

High-risk 0.09 0.15 8 0.14 0.16 12
Non-high-risk 0.20 0.11 70 0.21 0.09 39



fraud detection application shows how the combination of GIS and BI can help detect food
stamp fraud. Missouri has followed in Louisiana’s footsteps to develop a fraud detection
program (Douglas & Matlack, 2005; Perlman, 2005). In these examples, however, GIS
maps simply function as a visualization tool to illustrate the analyses of business intelli-
gence. In other words, once the basic data and information were in place, the State of
Louisiana began extending its fraud detection capabilities by incorporating GIS into the BI
(Environmental Systems Research Institute, 2004).

Here, a different way of utilizing GIS and spatial analysis was proposed for monitoring
criminal activity in public delivery programs. GIS can not only present complex informa-
tion in a visual format, but also be used as a modeling tool to incorporate spatial interac-
tion based on proximity and other attributes in a probabilistic manner for monitoring fraud.
This approach using propensity measures addresses the limitation of the Louisiana system
and also improves the utility of GIS for policy analysis. The method can be transferred to
similar public delivery programs in order to ensure public accountability.

This work can also be naturally extended to the emerging areas of national security and
emergency management. For example, Nunn (2005) highlighted the problem of attempting
to find something whose basic nature is unknown. He stated that

without knowing what to expect, though, it’s hard to know what clues are even relevant. You
cannot connect the clues because you don’t know the plot, but you can’t know the plot unless
you figure out the clues. What is missing is an “attack hypothesis” setting out what to expect
to find in the data patterns. (p. 10)

We have proposed here an approach to an attack hypothesis using currently available infor-
mation.

Policy Implications

States need to send the right signals to vendors and participants to make them aware that
their activities are monitored periodically. Identifying and reporting even minor violations
can serve as a deterrence for potentially more serious violations in the future. Continuous
training, education, and communication may prevent vendors from becoming high-risk ven-
dors. Vendor propensity measures can help identify those potential violators using spatial
analysis. By identifying would-be violators using this type of tool, the state can intervene
before the vendor is fully developed as a violator. However, one should also be careful in
interpreting the results of such an analysis outside of the context in which they occur. Finally,
states need to invest resources to understand participants’ benefit redemption patterns and
interactions with vendors because the target group can be very different from the general
consumers that most academic literature has been focused on. This effort will pay dividends
in the form of highly effective vendor management practices and a program with integrity.

Research Limitations

Although there are advanced models that can be used to explain consumers’ store
choices, as discussed earlier, this study used the Huff model for two reasons. The first was
data availability. Without extra resources and support, it is not easy to design or collect
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other variables through the existing information system in practice. The second reason was
the purpose of utilizing social science models for policy analysis. The Huff model was used
not only because it is a foundation of other extensions but also because it provides suffi-
cient utility for the purpose of monitoring fraud in the given context.

In the Huff model, both decision factors could have a nonlinear nature. As criticized,
people may not consider stores beyond a certain distance. In Ohio WIC, the basic unit of
operation is at the county level. Participants are informed of all vendors within the admin-
istrative boundary. However, there could still be a certain threshold of distance, especially
in metropolitan areas with a relatively large number of vendors. Size measure, based on the
number of lanes, may also not have a linear influence on participants’ store choice as used
in the model.

The simplicity and elegance of utility-maximizing rational choice models can be very
attractive. However, these models do not fully capture the complexities of vendor-participant
interactions (Drezner & Eiselt, 2002). The static approach of such economic models does
not leave much room for randomness, adaptive behavior, or learning, which are critical
aspects of human decision making (Fawcett & Provost, 1997; March, 1978; Simon, 1996;
Wilhelm, 2004). These analyses are beyond the scope of the current focus. Further studies
are needed to consider such complexity of human behavior.

Notes

1. Overcharging means a charge by a WIC-authorized store to the program through redemption of a WIC
voucher for an allowable food in excess of the store’s shelf price for that food or in excess of the price charged
a non-WIC participant for that food.

2. The quality of data implies not only the messiness of data but also the fundamental nature of data in social
science. Tilly (2006) argued that people negotiated reasons when they were asked to provide the reason of cer-
tain behavior. Therefore, it may be necessary to ask a fundamental question on the nature of data collected and
analyzed by social scientists asking people for reasons behind their choices.

3. Data were retrieved from the USDA website (November 7, 2006).
4. The vendor redemption ratio of over 90% is considered suspect. The vendor redemption ratio is based on

two facts. Not all food benefits in food vouchers are redeemed by participants. The state overissues approxi-
mately 10% of the total price of products in food vouchers due to price variance or fluctuations in different
regions or over time. The other two measures are based on absolute values in the given context (sales per
lane �$5,000 and food package costs per participant �$50). Although the cutoffs can be transformed to per-
centile, the state’s cutoffs were used in this article in order to be based on consistent criteria and results that
were used for explaining the anomaly in the state.
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