
Original Paper

Association Between Usage of an App to Redeem Prescribed
Food Benefits and Redemption Behaviors Among the Special
Supplemental Nutrition Program for Women, Infants, and Children
Participants: Cross-Sectional Study

Qi Zhang1, PhD; Junzhou Zhang2, PhD; Kayoung Park3, PhD; Chuanyi Tang4, PhD
1School of Community and Environmental Health, Old Dominion University, Norfolk, VA, United States
2Department of Marketing, Feliciano School of Business, Montclair State University, Montclair, NJ, United States
3Department of Mathematics and Statistics, Old Dominion University, Norfolk, VA, United States
4Department of Marketing, Old Dominion University, Norfolk, VA, United States

Corresponding Author:
Qi Zhang, PhD
School of Community and Environmental Health
Old Dominion University
3130 Health Sciences Building
Old Dominion University
Norfolk, VA, 23529
United States
Phone: 1 7576836870
Email: qzhang@odu.edu

Related Article:
This is a corrected version. See correction statement in: https://mhealth.jmir.org/2020/10/e25073/

Abstract

Background: The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) is one of the most important
food assistance programs in the United States, serving 6.4 million low-income, eligible women, infants, and children under 5
years of age in 2019. In the program, participants are prescribed a list of food benefits, which can be redeemed in WIC-authorized
stores. However, there are multiple behavioral barriers in the program and the stores that prevent participants from redeeming
the benefits fully.

Objective: This study aims to examine the relationship between the use of a widely used mobile phone app, WICShopper, and
the redemption of the prescribed food packages.

Methods: WIC administrative data were obtained from West Virginia for the period January 2019 to January 2020 and included
30,440 WIC households that had received food benefits in that period. The redemption rates of 18 WIC food benefits were
compared between app users and nonapp users, that is, those who never used the app in the study period. The use behaviors were
defined for the app users, including the number of active use benefit cycles, active benefit cycle rates, number of active use days
in the cycle, and proportion rates of daytime use. Panel linear regressions were applied to examine how the redemption rates were
related to these behaviors over time.

Results: App users consistently had higher average redemption rates than nonapp users; the difference ranged from 3.6% (4.8%
relative) for infant formula to 14.3% (40.7% relative) for fish. After controlling for sociodemographics, the coefficients of app
use were significantly positive for all benefit categories except for WIC-eligible nutritionals. More active cycles and active days
in the cycle were significantly related to redemption rates for all categories, except for frozen juice (coefficient=−0.002, P=.09).
Daytime app access was positively associated with redemption rates for most food benefits except only a few, such as infant
formula (coefficient=−0.03, P<.001).

Conclusions: Use of the WIC app was significantly related to higher redemption rates across food benefits, although the
association varied across benefit categories. More active days were positively related to benefit redemptions across food categories,
and the app’s daytime use was positively associated with the redemption of most benefit categories. These findings suggest that
the WIC app can be an important tool for the promotion of benefit redemption among WIC participants.
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Introduction

The Special Supplemental Nutrition Program for Women,
Infants, and Children (WIC) is one of the most successful food
assistance programs in the United States, serving approximately
6.4 million low-income pregnant, breastfeeding, postpartum
women, infants, and children under 5 years of age in the fiscal
year 2019 [1]. The WIC program plays an important role in
improving the health and developmental outcomes of infants
and children during critical developmental stages, promoting
healthier eating, better birth outcomes, lower risk of childhood
obesity, and improved household food security [2-7].

To achieve its goal, WIC certifies its enrollees for a certain
number of months, that is, the certification period. During that
period, an enrollee is prescribed a maximum quantity of
supplemental foods, such as breakfast cereal and milk, for each
monthly benefit issuance cycle, either a calendar month (eg,
July 1-31) or a rolling month (eg, July 15-August 14) [8]. The
prescribed food benefits can be redeemed in WIC-authorized
stores before the benefits expire [9]. A WIC enrollee becomes
a participant only after he or she redeems some or all of the
prescribed food packages [8].

Although the WIC food benefits are free for participants, there
are barriers in the retail and clinic environment that prevent
participants from redeeming their benefits [9-11]. For example,
it is challenging for participants to remember the specific eligible
brand names or product types in each food category and identify
them correctly in stores (eg, Great Value 100% apple juice is
authorized in West Virginia, but Minute Maid 100% natural
flavor fruit punch is not). Incorrect identification of eligible
food may result in denial of the redemption in the checkout
process, which may create embarrassment or frustration among
WIC participants [12]. Other barriers include difficulty in
remembering the benefit expiration date or clinic appointment
times [13]. These barriers could contribute to the
under-redemption of food benefits. As a result, only 12.6% of
the WIC households in Kentucky, Michigan, and Nevada
redeemed all their benefits in 2012 [14]. It is expected that when
participants are not able to fully redeem the benefits they need
and/or when they have negative redemption experiences, some
of the unsatisfied participants may drop out of the WIC program.
The national rate of participation in the WIC program steadily
decreased from a peak in 2011 (64%) to the bottom in 2017
(51%) [15]. Various interventions have been implemented at
the national and state levels to improve participation rate and
participant satisfaction with the WIC program [16].

Electronic benefits transfer (EBT) is one of the most significant
changes implemented to improve WIC administration [17].
Compared with the traditional WIC paper voucher, the EBT
card, similar to a debit card, is thought to be easier and more
convenient for WIC participants, vendors, and the WIC program.
The implementation of the EBT system has been completed in

most states; the deadline for all states to make the transition is
October 1, 2020. Transition to EBT has been associated with a
higher redemption of food benefits, reduced stigma at checkout,
and improved overall retail experience [12,18]. More
importantly, EBT allows integrating the electronic transaction
system and other WIC administrative systems, which can
provide an eWIC platform that makes it possible for redemption
data mining and future technology innovations.

On the basis of the eWIC system, WIC apps have become a
prevalent innovation across WIC state agencies. Although a
federal agency funds the WIC, the program is operated at the
state level in 50 states, among 34 Indian tribal organizations,
in the District of Columbia, and in five US territories [19]. A
recent review indicated that 17 different apps were used by
participants in 37 state WIC agencies [20]. These apps include
some or all of 4 main features: facilitating benefit redemption
in stores, such as identifying eligible food, facilitating clinical
experience, such as scheduling reminders, supplemental
information (eg, recipes), and nutrition education required by
the WIC program [20]. Although many WIC participants have
used these apps, little research has been conducted to rigorously
evaluate them, except for 1 small-scale qualitative study that
demonstrated a high priority among WIC participants to access
information through a WIC app [21].

Evaluating the effectiveness of WIC apps is critical for WIC
agencies, participants, and researchers. First, evaluation can
assist the decision making of the state agencies that have not
adopted the app. Second, evaluation can help app creators
identify gaps and improve app functions for WIC participants.
Third, the WIC app has the potential to become a health
promotion platform. Specifically, evaluation helps researchers
understand WIC participants’ health-related behaviors. This
information can be used to develop future intervention and
health promotion programs. Finally, all these improvements
can eventually help WIC participants navigate within the
program more easily so that they can benefit more from it.

This study aims to evaluate the effectiveness of WIC apps to
fill this knowledge gap. To the best of our knowledge, this is
the first state-level WIC app evaluation in the United States that
compares the redemption outcomes between WIC app users
and nonapp users. We selected the WICShopper app as the
research context because it has been adopted by 32 state WIC
agencies, 3 Indian tribes, and 1 US territory [22], having the
largest market share and the highest number of installations
among all WIC apps reviewed by Weber et al [20]. In contrast,
most of the other WIC apps, such as the California WIC App,
are limited to 1 state and have fewer users. The WICShopper
app allows the participants to check real-time benefits, eligibility
of food products, WIC vendor and office locations, and recipes.
The app was rated 4.5 in the Apple app store and 4.5 on Google
Play, one of the highest ratings among the WIC apps, with the
ratings ranging between 2 and 5; for example, Alabama WIC
was rated 2.3 in the Apple app store and Arizona WIC was rated
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4.7 on Google Play. Therefore, the WICShopper app is an
appropriate candidate for a large-scale evaluation.

As the main purpose of the WICShopper app is to facilitate
benefit redemption via multiple features, such as checking
benefit balance and scanning the bar code to check eligibility,
this study aims to examine how the WICShopper app usage is
associated with redemption in various food benefit categories
by comparing the redemption outcomes between WICShopper
app users and nonapp users.

Methods

Study Design and Sample Selection
To examine the relationship between app usage and WIC benefit
redemption, we adopted a mix of cross-sectional and
longitudinal study designs. The data source was the
administrative data from the West Virginia WIC agency merged
with the app usage data provided by JPMA, Inc, the developer
of the WICShopper app. The West Virginia WIC agency was
one of the first 3 state agencies to adopt this app (in 2013).

The WIC administrative data included participants’
sociodemographics, participation status, food benefit
prescriptions, and redemption records. The redemption data set
contains detailed transaction information, such as transaction
dates, description of the food categories, units redeemed, and
the number of units redeemed. The app activity data have a
timestamp that records when a user turns on the app. The WIC
administrative data were linked with the app data by WIC
household identification number. As 1 household normally has
1 EBT card, which can have multiple packages for multiple
participants, such as a mother and her children, we used the
household as the unit of analysis. The study period was from
January 19, 2019, to January 18, 2020, because of the archiving
cycles of the app data.

Statistical Analyses

Measures
The main outcome was the redemption rate of a household in
a benefit cycle, which is defined as the sum of the redeemed
amount for a food category divided by the prescribed amount
for that food category per household in a benefit cycle. The
benefit cycle is usually a month, but it could be shorter than a
month if a participant has a late visit to the WIC clinic for
benefit renewal. The redemption rate was calculated using the
following 18 food categories: infant meats, frozen juice,
legumes, whole-grain bread, infant cereal, fish, adult cereal,
WIC-eligible nutritionals, yogurt, shelf-stable juice, low-fat
milk, infant fruit and vegetable, eggs, cheese, whole milk,
exempt infant formula, infant formula, and cash value benefits.
Each participant’s prescribed food package may vary based on
participation circumstances. For example, the prescribed benefits
for pregnant women are different from those prescribed for
breastfeeding women [23].

The primary explanatory variable was the indicator of app users
versus nonapp users, which was defined by whether a
participating household had ever used the app during the entire
study period or not. For example, if a WIC household used the

app in March but not in April, it was still classified as an app
user in the year. Secondary explanatory variables calculated
among the app users were: the number of active app cycles,
defined as the number of benefit cycles in which the participant
actively used the app; active cycle rate, defined as the percentage
of active app cycles out of all benefit cycles for that household
in the study period; the number of active app days, defined as
the number of days in a benefit cycle the participant used the
app; and daytime rate, defined as the percentage of app usage
from 6 AM to 5 PM in a benefit cycle. As each household has
a unique ID to log into the app, activity was recorded at the
household level, regardless of how many individual users
accessed it.

The control variables included the participants’ demographic
information: race (White or non-White), whether the household
had infant, child, or female participants, and the number of WIC
participants and overall household size, including members not
participating in WIC. According to the US Census, 92% of
residents in West Virginia in 2019 were non-Hispanic Whites
[24]. In our study sample, 26,630 of the 30,440 households
(87.5%) were non-Hispanic Whites. If the non-White households
were further broken down, the sample size would be too small
to be representative of the specific groups. Therefore, we
combined all non-Whites into 1 racial or ethnic group. These
control variables were at the household level; in the case of a
household with multiple participants, for example, a mixed-race
household, we used the race of the eldest WIC participant.

Statistical Methods
We first estimated the descriptive statistics for
sociodemographics and app usage. Differences in
sociodemographics between app users and nonapp users were
then tested using Chi-square or Wilcoxon rank-sum tests. App
usage activities were also tested across the sociodemographics.
Next, we estimated the average redemption rates across food
categories and tested the difference in the redemption rates
between app and nonapp users by using the Wilcoxon rank-sum
test. The absolute difference in the redemption rates between
app and nonapp users was calculated as the app users’ average
redemption rate minus that of nonapp users, whereas the relative
difference was calculated as the absolute difference divided by
the average nonapp users’ redemption rate. We divided the 18
food groups into low, medium, and high redemption groups
with 6 food categories per group. We plotted the average
redemption rates by app usage and groups with absolute and
relative differences.

To examine the relationship between the redemption rate and
app usage behaviors, we applied 3 sets of linear regressions
across food categories. First, we regressed the average annual
redemption rate on the app usage indicator among all households
(app users and nonusers) in the study period. We then focused
only on app users with additional analyses. The second set of
regressions examined how the average annual redemption rate
was related to the number of active app cycles or the active app
cycle rates. The third set of regressions were panel analyses
across benefit cycles. Random-effects models with an
unbalanced panel were employed in our empirical evaluation
of WIC participants’ redemption behaviors. Sociodemographics
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were controlled in all sets of regressions. Statistical significance
was set at P<.05, and the R software was employed to conduct
the statistical analyses [25]. This study was approved by the
institutional review board of the Old Dominion University.

Results

Descriptive Statistics
Table 1 compares the descriptive statistics of the WIC
participants’ sociodemographics between app users and nonapp
users. The entire study sample included 30,440 WIC households
in West Virginia during the study period. Non-Hispanic White
accounted for 87.48% (26,630/30,440) of the participating
households. The prevalence rates of infants, children, and
women were 29.05% (8844/30,440), 76.17% (23,187/30,440),
and 70.85% (21,567/30,440), respectively. Of the 30,440

households, 13,925 (45.75%) had 2 WIC participants;
households with 1 WIC participant and 3 or more participants
accounted for a similar percentage of the study sample
(8015/30,440, 26.33%, and 8500/30,440, 27.92%, respectively).
On average, the household size was 3.84. Of the study
population, 72.26% (21,996/30,440) of the households used the
WICShopper app at least once in the study period. Non-Hispanic
White households had a significantly higher percentage of app
users (19,496/26,630, 73.21%) than non-White households
(2500/3810, 65.62%; P<.001). The percentage of app users
increased when there were more participants in a household
(5070/8015, 63.26%; 10,358/13,925, 74.38%; and 6568/8500,
77.27% for households with 1, 2, and 3 or more participants,
respectively; P<.001), which is consistent with the result that
app users, on average, tended to have a larger household
(P<.001).

Table 1. Descriptive statistics of the sociodemographics from participants of the Special Supplemental Nutrition Program for Women, Infants, and
Children in West Virginia (N=30,440).

P valueaApp users (n=21,996), n (%)Nonapp users (n=8444), n (%)Whole sample, nVariables

<.001Racial group

19,496 (73.21)7134 (26.79)26,630White

2500 (65.62)1310 (34.38)3810Non-White

<.001Did the household have an infant participant?

6752 (76.35)2092 (23.65)8844Yes

15,244 (70.59)6352 (29.41)21,596No

.92Did the household have a child participant?

16,751 (72.24)6436 (27.76)23,187Yes

5245 (72.31)2008 (27.69)7253No

<.001Did the household have a female participant?

16,301 (75.58)5266 (24.42)21,567Yes

5695 (64.18)3178 (35.82)8873No

<.001Number of WICb participants

5070 (63.26)2945 (36.74)80151

10,358 (74.38)3567 (25.62)13,9252

6568 (77.27)1932 (22.73)8500≥3

<.0013.88 (1.56)3.73 (1.69)3.84 (1.60)Household size (people), mean (SD) 

aStatistical tests performed: Chi-square test of independence and Wilcoxon rank-sum test.
bWIC: The Special Supplemental Nutrition Program for Women, Infants, and Children.

App Usage Behaviors
Table 2 presents the pattern of WIC app users’ app usage
behavior across key demographic variables. At the aggregated
level, these app users actively used the WIC app in 7.93 benefit
cycles, which was equivalent to 85.8% of all their benefit cycles
in the study period. App users activated the app for 4.05 days
per monthly benefit issuance cycle, which is, on average,
equivalent to once per week. On average, 63.3% of app usage
behaviors occurred during the daytime. White households were
more active in app usage than non-White households, except
for the number of active app days (P=.70).

In addition, households with infant or woman participants tended
to be more active in terms of using the WIC app in a prescribed
benefit cycle. For example, households with infants and
households with woman participants used the WIC app about
4.38 days and 4.11 days in 1 benefit cycle, respectively, whereas
households without infants and households without woman
participants averaged 3.91 days and 3.90 days, respectively
(P<.001). In addition, households with children were less active
in using the WIC app, averaging 4.01 days of WIC app use in
a prescribed benefit cycle compared with 4.19 days for
households without children (P<.001).
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Table 2. The Special Supplemental Nutrition Program for Women, Infants, and Children app users’ characteristics at the household level (n=21,996).
Statistics are presented as mean (SD), and the tests performed were the Wilcoxon rank-sum test and Kruskal-Wallis test.

P valueDaytime
rate, n (%)

P valueNumber of
active app
days

P valueActive cycle
rate, n (%)

P valueNumber of ac-
tive app cycles

Variables

N/A63.3 (22.8)N/A4.05 (2.05)N/A85.8 (23.5)N/Aa7.93 (3.35)Whole sample

<.001N/A.70N/A.02N/A.005Race group

63.6 (22.8)4.05 (2.04)85.9 (23.4)7.97 (3.34)White

61.1 (22.9)4.08 (2.09)84.6 (24.2)7.78 (3.38)Non-White

<.001N/A<.001N/A.40N/A<.001Did the household have an infant participant?

62.4 (22.2)4.38 (2.08)85.7 (23.5)7.94 (3.07)Yes

63.7 (23.1)3.91 (2.01)85.8 (23.5)7.95 (3.46)No

<.001N/A<.001N/A.007N/A<.001Did the household have a child participant?

64.2 (22.6)4.01 (2.03)86.1 (23.2)8.40 (3.23)Yes

60.3 (23.3)4.19 (2.07)84.6 (24.2)6.50 (3.29)No

<.001N/A<.001N/A.90N/A.20Did the household have a woman participant?

62.9 (22.5)4.11 (2.04)86.0 (23.2)7.98 (3.31)Yes

64.5 (23.6)3.90 (2.05)85.2 (24.4)7.87 (3.44)No

<.001N/A<.001N/A<.001N/A<.001Number of WICb participants

62.3 (24.4)3.82 (2.07)84.4 (24.8)6.65 (3.63)1

62.5 (22.7)3.94 (1.95)85.3 (23.6)8.13 (3.20)2

65.3 (21.7)4.42 (2.13)87.5 (22.1)8.66 (3.04)≥3

aN/A: not applicable.
bWIC: The Special Supplemental Nutrition Program for Women, Infants, and Children.

Redemption Rates and App Usages
Multimedia Appendices 1-3 present the average redemption
rates of 18 WIC food categories among app users and nonapp
users. We divided the food benefits into 3 groups (low, medium,
and high redemption) according to the rankings of their
redemption rates from the lowest to highest (infant meat, 27.4%,
to infant formula, 77.9%). In all groups, app users had a higher
redemption rate than nonusers, and the difference was
statistically significant in all food categories except in
WIC-eligible nutritionals (P=.12).

Multimedia Appendices 4 and 5 compare the differences in the
redemption rates between app users and nonapp users across
food benefits. First, the 18 food benefits were divided into 3
groups based on the redemption rates (6 benefits in each group:
low, medium, and high redemption rate groups). The figure
marked these food benefits with red, yellow, and green bars,
respectively. These bars were then ordered based on the
magnitude of the differences, from the smallest to the largest
difference. In Multimedia Appendix 4, the 3 groups of colored
bars were almost evenly distributed. However, in Multimedia
Appendix 5, high (green bars) and medium (yellow bars)
redemption groups were more concentrated toward the left end

of the axis, whereas the low redemption groups (red bars) were
more concentrated toward the right end of the axis. For example,
the bottom 5 food groups in terms of relative differences were
either high or medium redemption groups (green or yellow bars
toward the left: infant formula, exempt infant formula,
WIC-eligible nutritionals, low-fat milk, and whole-grain bread),
whereas the top 5 groups in relative difference were all in low
redemption groups (red bars toward the right: fish, frozen juice,
infant cereal, infant meats, and legumes). The patterns indicate
that the WIC app may be more helpful in improving redemption
rates relatively for the food benefits with lower redemption
rates, that is, less-popular food benefits.

The regression results for all food categories are presented in
Tables 3 and 4. Model 1 examined the association between the
annual redemption rate and the app usage indicator for all
households, including app users and nonapp users. Models 2
and 3 focused only on app users, with the goal of examining
the effect of the number of active app cycles and the percentage
of active app cycles in the study period. Models 4 and 5 in Table
4 are panel analyses of the relationship between redemption
rates and the number of app active days, and the percentage of
app usage in the daytime across benefit cycles. All models
controlled sociodemographic variables.
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Table 3. Linear regression of the Special Supplemental Nutrition Program for Women, Infants, and Children benefit redemption rates on app activities
by food categories in West Virginia participating households (N=30,440 and n=21,996 for app users only).

App users onlyaWhole sampleaVariables (food category)

Active cycles rate; model 3Number of active app cycles; model 2App use (Yes=1; No=0); model 1

P valueSECoefficientP valueSECoefficientP valueSECoefficient

<.0010.050.30<.0010.0050.02.0450.030.06Infant meats

<.0010.010.24.090.001−0.002<.0010.0070.08Frozen juice

<.0010.010.29<.0010.0010.007<.0010.0050.08Legumes

<.0010.010.27<.0010.0010.006<.0010.0050.07Whole-grain bread

<.0010.020.25<.0010.0010.02<.0010.0080.11Infant cereal

<.0010.040.47.020.0030.007<.0010.020.14Fish

<.0010.0090.29<.0010.0010.005<.0010.0040.07Adult cereal

<.0010.060.23.0460.0050.01.170.030.04WICb-eligible nutritionals

<.0010.010.32<.0010.0010.004<.0010.0050.10Yogurt

<.0010.010.30<.0010.0010.01<.0010.0050.08Shelf-stable juice

<.0010.0090.30<.0010.0010.01<.0010.0050.08Low-fat milk

<.0010.010.25<.0010.0010.02<.0010.0070.10Infant fruit and vegetable

<.0010.0080.33<.0010.0010.01<.0010.0040.10Eggs

<.0010.0090.34<.0010.0010.01<.0010.0040.09Cheese

<.0010.0080.30<.0010.0010.01<.0010.0040.10Cash value benefit

<.0010.010.29<.0010.0010.02<.0010.0070.08Whole milk

<.0010.030.12.0050.0020.006.0010.010.04Exempt infant formula

<.0010.010.09<.0010.0010.009<.001.0050.03Infant formula

aSociodemographics controlled: race, whether the household had an infant, child, female participants, the number of the Special Supplemental Nutrition
Program for Women, Infants, and Children participants in a household, and the overall household size (people).
bWIC: The Special Supplemental Nutrition Program for Women, Infants, and Children.
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Table 4. Panel regression of the Special Supplemental Nutrition Program for Women, Infants, and Children benefit redemption rates on app activities
by food categories in West Virginia participating households (n=21,996 for app users only).

Daytime ratea, model 5Number of active app daysa, model 4Variables (food category)

P valueSECoefficientP valueSECoefficient

.790.02−0.006<.0010.0030.02Infant meats

.040.0060.01<.0010.0010.02Frozen juice

.0030.0040.01<.0010.0010.02Legumes

<.0010.0040.02<.001<0.0010.02Whole-grain bread

.0070.0080.02<.0010.0010.03Infant cereal

.310.020.02<.0010.0020.03Fish

.040.0040.008<.001<0.0010.03Adult cereal

.490.020.02<.0010.0020.02WICb-eligible nutritionals

.030.0050.01<.0010.0010.02Yogurt

.0040.0050.01<.0010.0010.03Shelf-stable juice

.100.0030.006<.001<0.0010.03Low-fat milk

.030.0070.02<.0010.0010.03Infant fruit and vegetable

<.0010.0040.02<.001<0.0010.03Eggs

<.0010.0040.02<.001<0.0010.02Cheese

<.0010.0030.02<.001<0.0010.02Cash value benefit

.350.006−0.005<.0010.0010.03Whole milk

.100.01−0.02<.0010.0010.01Exempt infant formula

<.0010.005−0.03<.0010.0010.008Infant formula

aSociodemographics controlled: race, whether the household had an infant, child, and female participants, the number of The Special Supplemental
Nutrition Program for Women, Infants, and Children participants in a household, and the overall household size (people).
bWIC: The Special Supplemental Nutrition Program for Women, Infants, and Children.

In Model 1, we observed that app usage was significantly
associated with higher redemption rates for almost all food
categories except WIC-eligible nutritionals (coefficient=0.04,
P=.17). After adjusting for sociodemographics, using an app
generated the lowest increase in the average redemption rate,
as in the case of 3 percentage points in infant formula, and the
highest increase, as in the case of 14 percentage points in fish.
In app users (Model 2), a higher number of active app cycles
was significantly associated with a higher redemption rate,
except in the category of frozen juice (48 oz; coefficient=−0.002,
P=.09). The largest number of active app cycles was observed
for infant fruits and vegetables, infant meats, infant cereals, and
whole milk (coefficient=0.02, P<.001), whereas the smallest
coefficients were observed for yogurt (coefficient=0.004,
P<.001). These results indicated that having 1 additional active
app cycle was associated with a 0.4 to 2 percentage point
increase in redemption rates. Similarly, increasing the active
cycle rates by 10% was associated with a 0.9 to 4.7 percentage
point increase (infant formula vs fish) in redemption rates
(Model 3).

In Table 4, Models 4 to 5 present how app activity per cycle
was associated with the redemption rates of the food benefits.
Model 4 indicates that the number of days of the WICShopper
app usage was positively associated with the redemption rates,
with statistical significance in all food categories (P<.001).

Here, again, the smallest and largest coefficients were observed
in infant formula and fish. Model 5 presents the coefficients of
daytime usage. The percentage of use of the WIC app during
the daytime was significantly associated with a higher
redemption rate for most food categories, except for infant
meats, fish, WIC-eligible nutritionals, low-fat milk, whole milk,
and exempt infant formula. Notably, using the app during the
daytime was associated with lower redemption rates in infant
formula (coefficient=−0.03, P<.001).

Overall, the regression results suggest that the use of the
WICShopper app was significantly associated with higher
redemption rates. However, the positive app effect may diminish
with the popularity of the various food benefits; that is, app
usage may not have a large effect on the redemption of some
popular food benefits (eg, infant formula).

Discussion

Principal Findings
To the best of our knowledge, this is the first state-level study
examining the association between WIC app usage and WIC
benefit redemption. We found a significant positive association
between app usage and redemption rates in all food benefit
categories except for WIC-eligible nutritionals. These results
are encouraging for WIC policymakers who had concerns about
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the prevalent underredemption of benefits among WIC
participants [14,26,27]. In general, app user redemption rates
were at least 10% higher than those of nonusers in all food
categories except for WIC-eligible nutritionals, exempt infant
formula, and regular infant formula. Given that WIC-eligible
nutritionals and exempt infant formula require medical
documentation to be prescribed, infant formula was the only
regular food benefit for which redemption was not related to
app usage on a large scale, although the association was still
statistically significant. Given the positive findings of this study,
state WIC agencies may consider increasing access to the app
for participants.

Several factors may explain the weak relationship between app
usage and infant formula. First, infant formula was the most
redeemed food category, with an average redemption rate of
77.9%. Given that the redemption rate was already very high
or near the ceiling, using an app may not be able to further
improve the redemption rate. Thus, this ceiling effect may
diminish the scale of the app effect on this redemption. Second,
infant formula is the most valuable food benefit for participants,
who may treat the redemption of the formula as their highest
priority. Usually, each state agency contracts with only one
formula brand, such as Similac in West Virginia. On the basis
of the findings from behavioral economics, the high priority of
obtaining the infant formula, and the ease in identifying the
formula product may reduce the need for app assistance to
facilitate redemption [12,28]. As a result, app usage is unlikely
to change the infant formula redemption rate on a large scale.

In addition to infant formula, app users had much higher
redemption rates than nonapp users in the rest of the regular
food categories. The relative difference in redemption rate
between app users and nonusers was most evident in the
least-redeemed food categories, including infant meats, frozen
juice, legumes, infant cereal, and fish. There are several potential
theoretical explanations for these results. First, the temptation
bundling theory suggests that combining the less-preferred
activities with preferred activities may increase both activities
[29]. With the WICShopper app, participants can easily check
their remaining benefits for all food categories in their prescribed
food package as a bundle. Creating a bundling effect within the
app may motivate participants to redeem all benefits together,
even though some of the bundled food benefits may not be
among their most preferred. On the other hand, nonapp users
may not have the opportunity to view all the food benefit
balances in real time and in a convenient way. As a result, some
benefits may remain unredeemed. Second, using the app can
help identify the eligible brand and product type more easily
for certain food categories, such as infant cereal, which may
reduce redemption barriers [26]. However, for other food
categories with fewer eligible brands, such as infant formula,
the app may have a limited impact on brand choices. Finally,
the difference may be caused by factors other than app usage.
App users and nonapp users may have different preferences and
behavioral patterns extrinsic to the app itself. For example, app
users may care more about their welfare than nonusers. Thus,
they are more likely to download the app and redeem more
benefits than nonusers, even if certain food categories are not
popular choices. Although extensive research has studied the

self-selection bias in WIC participation, no research has
examined the potential self-selection bias in WIC app usage,
which should be addressed in future studies using a randomized
experiment or statistical methods, such as propensity score or
instrumental variable [30,31].

The panel analyses among the app users further examined how
the app activities across cycles may be associated with
redemption rates. The frequency and timing of app usage per
cycle (eg, in the daytime) were associated with redemption rates
in most food benefits. Given the app’s multiple functions, using
the app may not only improve the participants’ shopping
experience but also help with their food planning, as they can
check the remaining balance at any time. The ability to check
the benefit balance was ranked as the most useful app feature
by WIC participants [32]. About 82% of participants rated it as
very useful, but lower percentage of participants rated other
features as very useful, such as checking the WIC shopping
guide (73%), checking eligible food products (71%), or locating
WIC-authorized stores (62%) [32]. Therefore, the WIC app may
help engage participants in the WIC program and help them
better utilize the resources the program provides in general.

The transition to EBT is deemed one of the most significant
technological changes in the WIC program over the past 4
decades [14]. One of the main purposes of EBT transition is to
facilitate the benefit redemption experience. However, a recent
state-level study suggests that EBT transition did not
significantly change the redemption of produce or infant formula
[18]. Although the EBT system itself may not exert a significant
impact on every aspect of the WIC program, it provides a
necessary base for further technological innovations to improve
WIC operations and participant experience [20,33]. For example,
we found that WIC app adoption and frequent app usage were
positively associated with the redemption of all food benefits,
except WIC-eligible nutritionals, in West Virginia. Researchers
may develop more EBT-based or app-based interventions to
improve participant experience in the WIC program [34].

Limitations
Although this is the first state-level study to provide empirical
evidence of positive relationships between app usage and WIC
benefit redemptions, the results need to be interpreted carefully
because of several limitations. First, the pooled analyses were
essentially cross-sectional, so only the association instead of
the causality can be concluded. More studies are needed to
examine the determinants of app adoption among WIC
participants and how self-selection bias can affect study results.
More rigorous study designs, such as a field experiment or
advanced statistical methods (such as propensity score or
instrumental variable), may help address the self-selection bias
of app users so that the real app effect can be more accurately
estimated. Second, because there are a large number of users
from all states adopting the WICShopper app, app developers
do not archive detailed app activity data, such as the pages
visited or the sequence of the clicks. Therefore, the specific
features the app users used are not known. This creates
challenges in linking app feature usage directly to redemption
behaviors.
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Moreover, there is no information about whether the
participating households ever download the app or even have
smartphones. Finally, WIC administrative data have a limited
number of sociodemographic variables that can be controlled
in regression models. As applicants can be eligible for WIC if
they are participants in other means-tested social welfare
programs, such as Medicaid or the Supplemental Nutrition
Assistance Program (SNAP) [35], income was not required to
be reported in the WIC database, which resulted in 85.3%
(25,973/30,440) of the income data being missing. Therefore,
we did not control for income in the analyses. As redemption
behaviors can be influenced by other individuals, household,
and community factors, more insights might be gained by
linking our data with other state-level data sets, such as SNAP
participant data or Medicaid participant data. However, such a
step would require additional administrative reviews within
other state agencies, which could be challenging. Despite the
above limitations and challenges, this study employed the best
available data set to generate important preliminary findings on
the impact of technology on WIC participation—app users had
greater redemption rates than nonapp users.

Conclusions
Employing WIC administrative data and WIC app usage data
from West Virginia, this study provides important evidence
about the positive association between WIC app usage and the
redemption of WIC food benefits. These results can help the
decision-making process in state WIC agencies that have not
yet adopted the app in their program operations. Moreover,
because more frequent app usage is related to higher redemption
rates in most food categories, state agencies may seek to promote
more app downloads and usage among WIC participants.
Finally, as most state agencies will transition to the EBT system
by October 2020 (although some states have received waivers),
more app-based innovations may be developed and implemented
to improve the participant experience, through which WIC
participant retention can be improved. To maximize the benefits
of the WIC app, state WIC agencies, app developers, and retail
stores need to work together closely to ensure that the latest
approved food products and redemption data are integrated,
updated, and shared in a timely and efficient manner.

Acknowledgments
QZ and CT conceptualized the research design. QZ secured the data from the West Virginia WIC agency and the app developer.
JZ and KP conducted data analyses; QZ and JZ drafted the manuscript, and CT and KP revised it. The authors thank Dr. Denise
Ferris, Ms. Kathy Legg, Mr. Ryan Magee, and other colleagues from West Virginia WIC agency and JPMA for data access and
technical support. This project was supported by Healthy Eating Research, a national program of the Robert Wood Johnson
Foundation.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Average annual redemption rates among all subjects, app users, and nonapp users (low redemption food group; *: P<.001).
[PNG File , 176 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Average annual redemption rates among all subjects, app users, and nonapp users (medium redemption food group; *P<.001;
WIC: The Special Supplemental Nutrition Program for Women, Infants, and Children).
[PNG File , 199 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Average annual redemption rates among all subjects, app users, and nonapp users (high redemption food group; *P<.001).
[PNG File , 205 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Absolute differences in the redemption rates between app users and nonapp users.
[PNG File , 351 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Relative differences in the redemption rates between app users and nonapp users.
[PNG File , 330 KB-Multimedia Appendix 5]

References

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 10 | e20720 | p. 9http://mhealth.jmir.org/2020/10/e20720/
(page number not for citation purposes)

Zhang et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v8i10e20720_app1.png&filename=dc71e6f32783c546ec31bc9c093a435f.png
https://jmir.org/api/download?alt_name=mhealth_v8i10e20720_app1.png&filename=dc71e6f32783c546ec31bc9c093a435f.png
https://jmir.org/api/download?alt_name=mhealth_v8i10e20720_app2.png&filename=5c4eccdd984053afcbe86d35a46af1a4.png
https://jmir.org/api/download?alt_name=mhealth_v8i10e20720_app2.png&filename=5c4eccdd984053afcbe86d35a46af1a4.png
https://jmir.org/api/download?alt_name=mhealth_v8i10e20720_app3.png&filename=c3361fb7be0a3aa3089a139950a05a18.png
https://jmir.org/api/download?alt_name=mhealth_v8i10e20720_app3.png&filename=c3361fb7be0a3aa3089a139950a05a18.png
https://jmir.org/api/download?alt_name=mhealth_v8i10e20720_app4.png&filename=82451ea7905b5d34ccffa241201f6369.png
https://jmir.org/api/download?alt_name=mhealth_v8i10e20720_app4.png&filename=82451ea7905b5d34ccffa241201f6369.png
https://jmir.org/api/download?alt_name=mhealth_v8i10e20720_app5.png&filename=95c0541111a9f0c368763ffb7346b002.png
https://jmir.org/api/download?alt_name=mhealth_v8i10e20720_app5.png&filename=95c0541111a9f0c368763ffb7346b002.png
http://www.w3.org/Style/XSL
http://www.renderx.com/


1. USDA-FNS. WIC data tables. USDA Food and Nutrition Service. 2020 Jul 17. URL: https://www.fns.usda.gov/pd/
wic-program [accessed 2020-04-11]

2. Bitler MP, Currie J. Does WIC work? The effects of WIC on pregnancy and birth outcomes. J Policy Anal Manage
2005;24(1):73-91. [doi: 10.1002/pam.20070] [Medline: 15584177]

3. Hoynes H, Page M, Stevens AH. Can targeted transfers improve birth outcomes?: evidence from the introduction of the
WIC program. J Public Econ 2011 Aug;95(7-8):813-827. [doi: 10.1016/j.jpubeco.2010.12.006]

4. Metallinos-Katsaras E, Gorman KS, Wilde P, Kallio J. A longitudinal study of WIC participation on household food
insecurity. Matern Child Health J 2011 Jul;15(5):627-633. [doi: 10.1007/s10995-010-0616-5] [Medline: 20455015]

5. Whaley SE, Ritchie LD, Spector P, Gomez J. Revised WIC food package improves diets of WIC families. J Nutr Educ
Behav 2012;44(3):204-209. [doi: 10.1016/j.jneb.2011.09.011] [Medline: 22406013]

6. Chiasson MA, Findley SE, Sekhobo JP, Scheinmann R, Edmunds LS, Faly AS, et al. Changing WIC changes what children
eat. Obesity (Silver Spring) 2013 Jul;21(7):1423-1429 [FREE Full text] [doi: 10.1002/oby.20295] [Medline: 23703806]

7. Koleilat M, Whaley SE, Esguerra KB, Sekhobo JP. The role of WIC in obesity prevention. Curr Pediatr Rep 2017 Jul
1;5(3):132-141. [doi: 10.1007/s40124-017-0135-6]

8. Daniels PN. Certification and monthly food benefits issuance cycles and reporting monthly participation on the FNS-798.
USDA Food and Nutrition Service. 2007. URL: https://www.fns.usda.gov/wic/
certification-and-monthly-food-benefits-issuance-cycles-and-reporting-monthly-participation-fns-798 [accessed 2020-07-23]

9. National Academies of Sciences, Engineering, and Medicine. Review of WIC Food Packages Improving Balance And
Choice Final Report. Washington, DC: The National Academies Press; 2017.

10. Woelfel ML, Abusabha R, Pruzek R, Stratton H, Chen SG, Edmunds LS. Barriers to the use of WIC services. J Am Diet
Assoc 2004 May;104(5):736-743. [doi: 10.1016/j.jada.2004.02.028] [Medline: 15127057]

11. Ritchie LD, Whaley SE, Crocker NJ. Satisfaction of California WIC participants with food package changes. J Nutr Educ
Behav 2014;46(3 Suppl):S71-S78. [doi: 10.1016/j.jneb.2014.01.009] [Medline: 24810000]

12. Chauvenet C, De Marco M, Barnes C, Ammerman AS. WIC recipients in the retail environment: a qualitative study assessing
customer experience and satisfaction. J Acad Nutr Diet 2019 Mar;119(3):416-24.e2. [doi: 10.1016/j.jand.2018.09.003]
[Medline: 30502034]

13. Summary of WIC state agency strategies for increasing child retention, July 2014. WIC Works Resource System - USDA.
2014 Jul. URL: https://wicworks.fns.usda.gov/sites/default/files/media/document/ChildRetentionStrategiesReport.pdf
[accessed 2020-04-11]

14. Phillips D, Bell L, Morgan R, Pooler J. Transition to EBT in WIC: review of impact and examination of participant
redemption patterns. Final report. Altarum Institute. 2014. URL: https://altarum.org/sites/default/files/
uploaded-publication-files/Altarum_Transition%20to%20WIC%20EBT_Final%20Report_071614.pdf [accessed 2020-04-11]

15. Neuberger Z. Streamlining and modernizing WIC enrollment with current rules and funding, WIC agencies can simplify
certification practices to reach more eligible families. Center on Budget and Policy Priorities. 2020 Feb 20. URL: https:/
/www.cbpp.org/sites/default/files/atoms/files/8-30-19fa.pdf [accessed 2020-04-11]

16. Food Research & Action Center. Making WIC work better: strategies to reach more women and children and strengthen
benefits use. 2019 May. URL: https://frac.org/wp-content/uploads/Making-WIC-Work-Better-Full-Report.pdf [accessed
2020-04-11]

17. WIC EBT activities. USDA Food and Nutrition Service. 2020 Sep. URL: https://www.fns.usda.gov/wic/wic-ebt-activities
[accessed 2020-04-11]

18. Hanks AS, Gunther C, Lillard D, Scharff RL. From paper to plastic: understanding the impact of eWIC on WIC recipient
behavior. Food Policy 2019 Feb;83:83-91. [doi: 10.1016/j.foodpol.2018.12.002]

19. About WIC- WIC at a glance. USDA Food and Nutrition Service. 2013 Oct 10. URL: https://www.fns.usda.gov/wic/
about-wic-wic-glance [accessed 2020-04-12]

20. Weber SJ, Dawson D, Greene H, Hull PC. Mobile phone apps for low-income participants in a public health nutrition
program for women, infants, and children (WIC): review and analysis of features. JMIR Mhealth Uhealth 2018 Nov
19;6(11):e12261 [FREE Full text] [doi: 10.2196/12261] [Medline: 30455172]

21. Friedman LB, Silva M, Smith K. A focus group study observing maternal intention to use a WIC education app. Am J
Health Behav 2018 Nov 1;42(6):110-123. [doi: 10.5993/AJHB.42.6.11] [Medline: 30158006]

22. JPMA, Inc. WICShopper: the mobile app for WIC participants. WICShopper. URL: https://ebtshopper.com/ [accessed
2020-04-12]

23. WIC Approved Shopping Guide. West Virginia Department of Health and Human Resources. 2018 Oct 1. URL: https:/
/dhhr.wv.gov/WIC/Pages/WIC-Approved-Shopping-Guide.aspx [accessed 2020-04-15]

24. QuickFacts: West Virginia. United States Census Bureau. 2019 Jul 1. URL: https://www.census.gov/quickfacts/WV
[accessed 2020-07-23]

25. The R Project for Statistical Computing. R Foundation for Statistical Computing. 2012. URL: http://www.r-project.org/
[accessed 2020-04-11]

26. Gleason S, Pooler J. The effects of changes in WIC food packages on redemptions. United States Department of Agriculture.
2011 Dec. URL: https://naldc.nal.usda.gov/download/50613/PDF [accessed 2020-04-11]

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 10 | e20720 | p. 10http://mhealth.jmir.org/2020/10/e20720/
(page number not for citation purposes)

Zhang et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://www.fns.usda.gov/pd/wic-program
https://www.fns.usda.gov/pd/wic-program
http://dx.doi.org/10.1002/pam.20070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15584177&dopt=Abstract
http://dx.doi.org/10.1016/j.jpubeco.2010.12.006
http://dx.doi.org/10.1007/s10995-010-0616-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20455015&dopt=Abstract
http://dx.doi.org/10.1016/j.jneb.2011.09.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22406013&dopt=Abstract
https://doi.org/10.1002/oby.20295
http://dx.doi.org/10.1002/oby.20295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23703806&dopt=Abstract
http://dx.doi.org/10.1007/s40124-017-0135-6
https://www.fns.usda.gov/wic/certification-and-monthly-food-benefits-issuance-cycles-and-reporting-monthly-participation-fns-798
https://www.fns.usda.gov/wic/certification-and-monthly-food-benefits-issuance-cycles-and-reporting-monthly-participation-fns-798
http://dx.doi.org/10.1016/j.jada.2004.02.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15127057&dopt=Abstract
http://dx.doi.org/10.1016/j.jneb.2014.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24810000&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2018.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30502034&dopt=Abstract
https://wicworks.fns.usda.gov/sites/default/files/media/document/ChildRetentionStrategiesReport.pdf
https://altarum.org/sites/default/files/uploaded-publication-files/Altarum_Transition%20to%20WIC%20EBT_Final%20Report_071614.pdf
https://altarum.org/sites/default/files/uploaded-publication-files/Altarum_Transition%20to%20WIC%20EBT_Final%20Report_071614.pdf
https://www.cbpp.org/sites/default/files/atoms/files/8-30-19fa.pdf
https://www.cbpp.org/sites/default/files/atoms/files/8-30-19fa.pdf
https://frac.org/wp-content/uploads/Making-WIC-Work-Better-Full-Report.pdf
https://www.fns.usda.gov/wic/wic-ebt-activities
http://dx.doi.org/10.1016/j.foodpol.2018.12.002
https://www.fns.usda.gov/wic/about-wic-wic-glance
https://www.fns.usda.gov/wic/about-wic-wic-glance
https://mhealth.jmir.org/2018/11/e12261/
http://dx.doi.org/10.2196/12261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30455172&dopt=Abstract
http://dx.doi.org/10.5993/AJHB.42.6.11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30158006&dopt=Abstract
https://ebtshopper.com/
https://dhhr.wv.gov/WIC/Pages/WIC-Approved-Shopping-Guide.aspx
https://dhhr.wv.gov/WIC/Pages/WIC-Approved-Shopping-Guide.aspx
https://www.census.gov/quickfacts/WV
http://www.r-project.org/
https://naldc.nal.usda.gov/download/50613/PDF
http://www.w3.org/Style/XSL
http://www.renderx.com/


27. Kim LP, Whaley SE, Gradziel PH, Crocker NJ, Ritchie LD, Harrison GG. Mothers prefer fresh fruits and vegetables over
jarred baby fruits and vegetables in the new Special Supplemental Nutrition Program for Women, Infants, and Children
food package. J Nutr Educ Behav 2013;45(6):723-727. [doi: 10.1016/j.jneb.2013.01.022] [Medline: 23591317]

28. Zhang Q, Tang C, McLaughlin PW, Diggs L. Individual and store characteristics associated with brand choices in select
food category redemptions among WIC participants in Virginia. Int J Environ Res Public Health 2017 Mar 31;14(4):364
[FREE Full text] [doi: 10.3390/ijerph14040364] [Medline: 28362350]

29. Milkman KL, Minson JA, Volpp KG. Holding the hunger games hostage at the gym: an evaluation of temptation bundling.
Manage Sci 2014 Feb;60(2):283-299 [FREE Full text] [doi: 10.1287/mnsc.2013.1784] [Medline: 25843979]

30. Guthrie JF, Catellier DJ, Jacquier EF, Eldridge AL, Johnson WL, Lutes AC, et al. WIC and non-WIC infants and children
differ in usage of some WIC-provided foods. J Nutr 2018 Sep 1;148(suppl_3):1547S-1556S [FREE Full text] [doi:
10.1093/jn/nxy157] [Medline: 30247584]

31. Fang D, Thomsen MR, Nayga Jr RM, Novotny AM. WIC participation and relative quality of household food purchases:
evidence from FoodAPS. South Econ J 2019;86(1):83-105. [doi: 10.3386/w25291]

32. Bensley RJ, Hovis A, Horton KD, Loyo JJ, Bensley KM, Phillips D, et al. Accessibility and preferred use of online web
applications among WIC participants with internet access. J Nutr Educ Behav 2014;46(3 Suppl):S87-S92. [doi:
10.1016/j.jneb.2014.02.007] [Medline: 24810002]

33. Hull P, Emerson JS, Quirk ME, Canedo JR, Jones JL, Vylegzhanina V, et al. A smartphone app for families with
preschool-aged children in a public nutrition program: prototype development and beta-testing. JMIR Mhealth Uhealth
2017 Aug 2;5(8):e102 [FREE Full text] [doi: 10.2196/mhealth.7477] [Medline: 28768611]

34. Stephan LS, Almeida ED, Guimaraes RB, Ley AG, Mathias RG, Assis MV, et al. Processes and recommendations for
creating mHealth apps for low-income populations. JMIR Mhealth Uhealth 2017 Apr 3;5(4):e41 [FREE Full text] [doi:
10.2196/mhealth.6510] [Medline: 28373155]

35. Swann CA. WIC eligibility and participation: the roles of changing policies, economic conditions, and demographics. B E
J Econom Anal Policy 2010;10(1):21. [doi: 10.2202/1935-1682.2352]

Abbreviations
EBT: electronic benefits transfer
SNAP: Supplemental Nutrition Assistance Program
WIC: The Special Supplemental Nutrition Program for Women, Infants, and Children

Edited by G Eysenbach; submitted 28.05.20; peer-reviewed by A Panzera, M Zimmer; comments to author 04.07.20; revised version
received 11.08.20; accepted 21.08.20; published 14.10.20

Please cite as:
Zhang Q, Zhang J, Park K, Tang C
Association Between Usage of an App to Redeem Prescribed Food Benefits and Redemption Behaviors Among the Special Supplemental
Nutrition Program for Women, Infants, and Children Participants: Cross-Sectional Study
JMIR Mhealth Uhealth 2020;8(10):e20720
URL: http://mhealth.jmir.org/2020/10/e20720/
doi: 10.2196/20720
PMID: 33052133

©Qi Zhang, Junzhou Zhang, Kayoung Park, Chuanyi Tang. Originally published in JMIR mHealth and uHealth
(http://mhealth.jmir.org), 14.10.2020. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in JMIR mHealth and uHealth, is properly cited. The complete bibliographic
information, a link to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must
be included.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 10 | e20720 | p. 11http://mhealth.jmir.org/2020/10/e20720/
(page number not for citation purposes)

Zhang et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.jneb.2013.01.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23591317&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph14040364
http://dx.doi.org/10.3390/ijerph14040364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28362350&dopt=Abstract
http://europepmc.org/abstract/MED/25843979
http://dx.doi.org/10.1287/mnsc.2013.1784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25843979&dopt=Abstract
http://europepmc.org/abstract/MED/30247584
http://dx.doi.org/10.1093/jn/nxy157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30247584&dopt=Abstract
http://dx.doi.org/10.3386/w25291
http://dx.doi.org/10.1016/j.jneb.2014.02.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24810002&dopt=Abstract
https://mhealth.jmir.org/2017/8/e102/
http://dx.doi.org/10.2196/mhealth.7477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28768611&dopt=Abstract
https://mhealth.jmir.org/2017/4/e41/
http://dx.doi.org/10.2196/mhealth.6510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28373155&dopt=Abstract
http://dx.doi.org/10.2202/1935-1682.2352
http://mhealth.jmir.org/2020/10/e20720/
http://dx.doi.org/10.2196/20720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33052133&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

