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ABSTRACT
Background Behavioral economics and psychology have been applied to altering food
choice, but most studies have not measured food intake under free-living conditions.
Objectives To test the effects of a strategy that pairs positive stimuli (ie, stickers and
cartoon packaging) with vegetables and presents them as the default snack.
Design A randomized controlled trial was conducted with children who reported
consumption of fewer than two servings of vegetables daily. Children (aged 3 to 5 years)
in both control (n¼12) and treatment (n¼12) groups received a week’s supply of plainly
packaged (ie, generic) vegetables, presented by parents as a free choice with an alter-
native snack (granola bar), during baseline (Week 1) and follow-up (Week 4). During
Weeks 2 and 3, the control group continued to receive generic packages of vegetables
presented as a free choice, but the treatment group received vegetables packaged in
containers with favorite cartoon characters and stickers inside, presented by parents as
the default choice. Children in the treatment group were allowed to opt out of the
vegetables and request the granola bar after an imposed 5-minute wait.
Statistical analysis General Linear Model repeated measures analysis of variance was
conducted to compare vegetable and granola bar intake between control and treatment
groups across the 4-week study. Both within- and between-subjects models were
tested.
Results A time�treatment interaction on vegetable intake was significant. The treat-
ment group increased vegetable intake from baseline to Week 2 relative to control
(P<0.01), but the effects were not sustained at Week 4 when the treatment was
removed. Granola bar intake decreased in the treatment group at Week 2 (P�0.001) and
Week 3 (P�0.005) relative to baseline.
Conclusions Parents were able to administer feeding practices derived from behavioral
economics and psychology in the home to increase children’s vegetable intake and
decrease intake of a high-energy-density snack. Additional studies are needed to test
the long-term sustainability of these practices.
J Acad Nutr Diet. 2015;-:---.
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HILDREN IN THE UNITED STATES CONSUME DIETS
that fall short of federal guidelines. In particular,
vegetable intake is too low,1 whereas intake of
refined grains, sweets, and snacks is too high.2

Numerous studies support an association between these die-
tary patterns and development of chronic diseases, including
type 2 diabetes,3,4 cardiovascular disease,5,6 and obesity.7-10

Innovative approaches to successfully change and/or prevent
poor dietary habits before they develop are needed, particu-
larly in children because dietary habits that start during this
time track into adulthood.11,12

The home is an important site for dietary interventions in
early childhood.13 Children’s eating behaviors are influenced
by the home environment.14,15 In addition, parents are
responsible for purchasing food and modeling healthful
eating behaviors, and interventions that target parental
feeding practices can improve children’s diets.16-19 However,
few home-based interventions have targeted feeding prac-
tices directed at preschool-aged children, and additional
studies are warranted to establish the most effective prac-
tices.20-22

One eating behavior that has been the focus of in-
terventions to improve health status in children is vegetable
intake.23-25 Because they are rich in essential nutrients and
low in energy, vegetables are ideal choices for dietary in-
terventions.1,26 Encouraging intake of low-energy-dense
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vegetables in children could facilitate the prevention of
obesity without the use of restrictive feeding practices that
have been associated with negative long-term conse-
quences.27 Getting children to eat vegetables is a challenge.28

Effective, evidence-based strategies to increase children’s
intake of vegetables and decrease intake of high-energy
snacks are of critical public health importance.
A possible approach to achieving dietary behavior change is

to use principles derived from behavioral economics to in-
crease the appeal and accessibility of healthier foods relative
to more palatable options that are higher in sugar and fat.
Behavioral economics applies theories from cognitive psy-
chology to understand how humans make decisions. One
example that has been applied to obesity is the manipulation
of default choices to make them more health promoting (ie,
optimal defaults).29,30 When optimal default choices are made
for consumers, most individuals remain with these options
rather than opting for alternatives.31 In this paradigm, choices
can be manipulated to achieve optimal health outcomes
without fundamentally restricting options, because access to
the suboptimal alternative is not blocked. Manipulation of
default options has demonstrated robust effects in a variety of
domains, including organ donation,32,33 retirement sav-
ings,31,34,35 and food choice.36-38 We have previously demon-
strated the robust effects of applying optimal defaults to
improving food choices in parentechild dyads in a
community-based setting.39 Dyads were randomized to
receive either nutritionally optimized or less-healthy menus,
with an option to actively request the alternative meal listed
at the bottom of each menu. Furthermore, some parents were
primed with an educational video presentation before the
meal to learn authoritative parenting practices. Regardless of
whether parents were exposed to the priming or a control
presentation, nearly all remained with their default menu
items.39 Despite these positive outcomes applying defaults to
short-term food selection, it is not known whether these
strategies will be effective at changing children’s eating be-
haviors in the home.
In addition to behavioral economics, theories derived from

behavioral psychology, including associative conditioning,
support pairing foods with positive stimuli to increase
motivation for consumption.40 Positive stimuli for children
might include favorite cartoon characters, fun messages
added to packaging, and stickers paired with vegetable con-
sumption.25,41,42 Cooke and colleagues43 suggested that
nonfood rewards such as stickers or praise were effective at
reinforcing children’s intake of new or less-preferred foods.
In addition, studies have reported that children prefer foods
labeled with their favorite cartoon characters compared with
plain labels.44-46 Taken together, the literature supports the
use of incentives, child-tailored packaging, and optimal de-
faults as possible strategies to increase children’s intake of
vegetables.
This was a short-term, proof-of-concept study aimed at

applying principles from behavioral economics and psychol-
ogy to increase vegetable intake among children aged 3 to 5
years who were “low vegetable consumers” and at risk for
obesity. Two approaches were combined into one composite
treatment: pairing positive stimuli (eg, cartoon packaging
and sticker incentives) with vegetable intake, and presenting
vegetables as the optimal default at snacks and meals. The
primary objective was to compare children’s intake of
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vegetables and a palatable, energy-dense snack provided by
the researchers (chocolate chip granola bar) between treat-
ment and control groups in a 4-week home-based study. We
also tested the influence of the intervention on children’s
liking ratings for the vegetables and granola bar. An addi-
tional goal was to summarize qualitative feedback collected
from parents to determine the long-term sustainability of
this approach. We hypothesized that children randomized to
the treatment would increase vegetable intake and decrease
granola bar intake relative to the control group.

SUBJECTS AND METHODS
Participants
Twenty-four children aged 3 to 5 years (mean age 3.9�0.8
years) were recruited via flyers posted around the university
community and in local newspapers and websites (eg,
Craigslist). Recruitment was ongoing over a 10-month period
from August 2012 to June 2013. Interested parents were
screened by research staff on the telephone and, if eligible,
were scheduled for a laboratory visit. Exclusion criteria
included preexisting medical conditions (including relevant
food allergies) or intake of more than two servings of vege-
tables per day (according to parent report) because for this
pilot study, we were interested in targeting children with low
vegetable consumption to best test the effects of the treat-
ment. In addition, children had to be categorized as “at risk
for obesity” based on family history, defined as having at least
one parent with a body mass index �25. To make sure groups
were balanced we used targeted screening to achieve equal
numbers of boys and girls in the control and treatment
groups. All parents consented for their child’s participation
during the initial visit to the laboratory. The Institutional
Review Board of The Pennsylvania State University reviewed
and approved this study.

Sample Size
Based on the strong effects seen in our previous studies,25,39 a
power analysis was done to determine the sample size
needed for our primary outcome variable (vegetable intake).
Assuming moderate effect sizes for the vegetable packaging
and presentation factors on our central dependent variable of
vegetable consumption (ie, r2¼0.10 for each factor), it was
determined that we would have adequate power (0.80) to
reject the null hypothesis with a sample size of 24 (12 chil-
dren per group) and a¼.05.

Study Design and Procedures
This was a home-based, parallel arm, randomized controlled
trial. Children were randomized to control (n¼12) or treat-
ment groups (n¼12) using a random number generator
(www.random.org). Families and researchers were not blin-
ded to the conditions. The study visits took place over 4
weeks (five visits), delivered at approximately the same time
each week, with the first visit taking place at the Children’s
Eating Behavior Laboratory and the remaining four visits
conducted in the home. Baseline and follow-up weeks were
conducted identically for both groups, with families receiving
weekly supplies of raw vegetables with light ranch dressing
and granola bars, both in generic packaging (ie, plain white
packaging without the addition of characters or brand in-
fluences). During Weeks 2 and 3, the control group continued
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to get generic packages of vegetables with salad dressing,
whereas the treatment group received vegetables packaged
with their favorite cartoon characters plus sticker incentives
presented as the default at meals and snacks. Child-targeted
nutrition education lessons were delivered in the home for
both groups on a weekly basis.
In both the control and treatment groups, parents were

given specific instructions on when and how to present
snacks to children. They were instructed to offer children a
choice between either a vegetable or granola bar for at least
three snacks and/or meals per day. Parents were instructed
not to use tactics such as pressuring or coercing children,
bribery, punishment, or other commonly used parental
feeding strategies (eg, pleading or nonestudy-related re-
wards) when presenting the study foods. In addition, parents
were told both verbally and on their instruction sheet to
serve vegetables raw (ie, not cooked or in casseroles/mixed
dishes) and to keep track of vegetable containers served to
the target child enrolled in the study. If there were other
children in the household, we provided the family with
additional vegetables for these children (packaged and pre-
sented in the same manner as they were for the target child)
to limit sharing.

Control Group
For all 4 weeks, children in the control group (n¼12) received
weekly supplies of generic-packaged vegetables and granola
bars presented as part of a free choice at meals and snacks.
Parents were instructed to keep track of weekly vegetable
and granola bar supplies, present them to children as a free
choice (ie, with no wait time) at meals and snacks, and return
leftovers to researchers the following week.

Treatment Group
During Weeks 2 and 3, children in the treatment group
(n¼12) received vegetables packaged in containers decorated
with their four favorite cartoon characters (selected on the
first visit) and granola bars in generic packaging. All vege-
table packages contained sticker incentives and children
could collect stickers on a special game board and trade them
for small prizes at the end of the study. This was done to
simulate the concept of promotions that often come with
packaged foods. Parents were in charge of deciding when
children had eaten enough of a vegetable to be awarded the
sticker for their game boards.
Parents were instructed to present a vegetable packaged in

cartoon characters to their child as the default choice at
snacks and meals. Because six different varieties of vegeta-
bles were provided, the majority of parents either offered
children a vegetable they thought they would eat or asked
the child to select from the available options. The option of a
granola bar was mentioned at that time, and the child was
informed he or she could actively request it, but would have
to wait to receive it. If the child wanted a granola bar instead
of a vegetable, he or she had to wait with the available
vegetable for a 5-minute period before receiving the bar. This
was done to simulate the inconvenience of a non-default food
option in the environment. In addition, one of the mecha-
nisms through which defaults are hypothesized to work is
through the additional effort required to attain a non-default
option.31 Waiting for 5 minutes conveyed the notion of
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additional effort to the child in an easy-to-understand way. If
the child began to eat the vegetables during this 5-minute
waiting time, the granola bar was no longer an option.
Food Preparation
Families received 24 8-oz plastic containers of the following
raw vegetables: celery, broccoli, carrots, red peppers, cauli-
flower, and sweet snap peas. All vegetables were washed and
cut into bite-sized pieces on the day of the home visit. Four
containers were provided of each vegetable, in approximately
1/2 -cup servings for each. The vegetables were packaged raw,
and instructions to parents emphasized that they be served
raw as opposed to cooking, preparing, and/or mixing them
with other items. This was done to facilitate postweighing of
any leftovers. In addition, a packet of lite ranch dressing
(Flavor Fresh Ranch Dressing, 9 g pouch, 40 kcal; Diamond
Crystal Brands, Inc) was included in each vegetable container.
Each individual container was pre- and postweighed to
determine the child’s consumption. Pictures of the control
and treatment vegetable packaging are featured in Figure 1.
Granola bars were offered all 4 weeks, for both control and

treatment groups (initially 20 bars per week). Because of the
large amount of leftover granola bars from the first eight
families, the weekly total bars provided were decreased to 15,
to reduce waste and expense. Quaker Oats brand chocolate
chip granola bars were used. Each bar (24 g) provides 100
kcal, 7 g sugar, and 3.5 g total fat. The bars were removed
from the original wrappers to avoid possible brand loyalty
issues, and rewrapped with a layer of clear plastic wrap and
plain white parchment paper. The packages were labeled
with the phrase “granola bar” and were numbered and
weighed before and after distribution.
STUDY MEASUREMENTS
Primary Outcomes: Vegetable and Granola Bar
Intake
Children’s intake of vegetables and granola bars was assessed
at four time points: baseline, Week 2 and Week 3 of the
intervention, and follow-up. Intake was measured as the
difference between pre- and post-weights of the foods pro-
vided. In post-weighing, it was not possible to completely
separate leftover ranch dressing from the vegetables, so we
cannot determine how much of children’s intake was due to
the vegetables by themselves. However, we noted how many
children used the ranch dressing, and these children
responded similarly to the intervention as children who did
not use the dressing.
Secondary Outcomes: Children’s Liking Ratings for
Vegetables and Granola Bars
During Week 1 (baseline) and Week 4 (follow-up), children
rated liking of the six vegetables and the granola bar. Chil-
dren were served w10-g samples of each food in 2-oz soufflé
cups and asked to taste and rate liking on an age-appropriate,
5-point facial, hedonic scale.47 Between samples, children
rinsed with distilled water. For analyses, an aggregate vege-
table liking score representing mean liking for all six vege-
tables combined was created.
JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 3



Figure 1. Example of vegetable packages for children aged 3
to 5 years in the control and treatment groups as part of this
home-based intervention. (A) Example generic containers used
to package vegetables for families enrolled in the control
group. (B) Example cartoon-packaged containers used to
package vegetables for families enrolled in the treatment
group.
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Anthropometric Measures
During the baseline (Week 1) and Week 4 (follow-up), height
and weight were measured by a trained technician. This
measurement was made in the laboratory at Week 1 and in
the child’s home, on a flat, noncarpeted surface, at Week 4.
The same scale was used for both measurements. Children
were measured in stocking feet and light clothing by
weighing them to the nearest 0.1 kg on a Tanita scale and
measuring height to the nearest 0.1 cm with a Seca 213 sta-
diometer. Height and weight were converted to body mass
index and body mass index z scores were calculated using a
Centers for Disease Control and Prevention conversion
program.48
Parent Questionnaires
On the first visit, parents completed five questionnaires to
help us assess demographic characteristics and feeding
practices. The Child Feeding Questionnaire developed by
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Birch and colleagues49 was used to assess parental feeding
attitudes (perceived parent weight, perceived child weight,
perceived responsibility, and concern) and parental feeding
practices (eg, restriction, monitoring, and pressure). As a
measure of general eating behaviors, the Children’s Eating
Behavior questionnaire50 was given to parents to assess eight
dimensions of eating style of their children: responsiveness
to food, enjoyment of food, satiety responsiveness, slowness
in eating, fussiness, emotional overeating, emotional under-
eating, and desire for drinks. The Child Neophobia Ques-
tionnaire was also completed by parents51 to determine the
child’s fear of new foods. A brief demographic characteristics
questionnaire was also administered. Finally, the Caregiver’s
Feeding Style Questionnaire was given to assess whether
parents were authoritarian, authoritative, indulgent, or un-
involved in terms of parental feeding styles.52

At the end of the last visit (Week 4), all parents completed a
post-evaluation survey to assess qualitative feedback about
the intervention. In addition, parents of children in the con-
trol group were also asked to complete a question on how
much additional (compared with the generic packaging) they
would pay to receive the cartoon packages delivered in the
treatment group. Parents were shown the containers and
asked how much extra they would spend to purchase one
with cartoons on the packaged unit in a retail setting. A line
scale with dollar amounts from $0 to $5 was presented, and
parents were asked to draw a mark on the scale that corre-
sponded with how much extra they were willing to pay for
the packaging. These data were collected to assist with future
cost-analysis of the intervention when it is taken to scale.

Compliance
To assess compliance, parents completed daily checklists
across the intervention to report when vegetables and
granola bars were offered and record what children selected.
In addition, parents could also report additional comments
on these checklists to report other concerns or deviations.
Parents were also responsible for keeping daily food diaries
for children (data to be reported elsewhere). These logs were
reviewed with parents during weekly home visits to assess
progress.

Statistics
Descriptive statistics (ie, means and standard errors) were
generated for all continuous study variables (eg, child age,
body mass index z scores, and vegetable liking scores). Fre-
quencies were calculated for categorical variables (eg, child
sex and ethnicity). Pearson’s correlations were computed to
assess the relationships between continuous variables, and
nonparametric correlations assessed relationships among
categorical variables. These analyses were done to identify
potential covariates to include in the primary analyses.
General Linear Model repeated measures analysis of vari-

ance was conducted to compare vegetable and granola bar
intake across the 4 time points of baseline (Week 1), inter-
vention period (Week 2 andWeek 3), and follow-up (Week 4)
in control vs treatment groups. Repeated measures analysis
of variance was also done to compare the change in children’s
body mass index z scores and liking ratings for vegetables
and granola bars across the intervention. In all the models,
child age and sex were also included as covariates if they
-- 2015 Volume - Number -



Table 1. Baseline descriptive characteristics children aged 3
to 5 years and mothers enrolled in a pilot study on the
effectiveness of feeding strategies derived from behavioral
economics and psychology

Variable
Control
(n[12)

Treatment
(n[12)

All
children
(n[24)

 ����������n (%)����������!
Categorical
variables

Sex

Males 6 (50.0) 6 (50.0) 12 (50.0)

Females 6 (50.0) 6 (50.0) 12 (50.0)

Ethnicity

African American 0 (0.0) 0 (0.0) 0 (0.0)

White 12 (100.0) 10 (83.3) 22 (91.7)

Hispanic/Latino 0 (0.0) 0 (0.0) 0 (0.0)

Asian 0 (0.0) 0 (0.0) 0 (0.0)

Other 0 (0.0) 2 (16.7) 2 (8.3)

Infant feeding

Breastfed 11 (92.0) 10 (83.0) 21 (87.5)

Formula fed 1 (8.0) 2 (17.0) 3 (12.5)

 ���
mean�standard deviation

���!
Continuous
variables

Age (y) 4.0�0.75 3.8�0.87 3.9�0.81
BMIa z score 0.3�1.16 0.4�0.88 0.4�1.01
BMIemother 26.0�4.4 25.6�4.0 25.8�4.1
BMIefather 28.2�3.9 30.4�3.2 29.3�3.7
aBMI¼body mass index.
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were associated with the main outcome variable. Sphericity
of the data was assessed using Mauchly’s test. For all ana-
lyses, both within- and between-subjects comparisons were
tested.
All descriptive data are presented as mean�standard de-

viation, unless otherwise noted. For all statistical tests,
P<0.05 was considered significant, and all hypotheses were
two-tailed. For multiple comparisons, the Bonferroni adjust-
ment was applied. All analysis were done using SPSS version
22 (2013).

RESULTS
Twenty-four children participated in the study and all
completed five out of five visits, for a retention rate of 100%.
Maternal education level (P¼0.92), paternal education
(P¼0.94), and percent of children breastfed (P¼0.49) were
similar between control and treatment groups. Children’s
mean age and body mass index z score were 3.9�0.8 years
and 0.4�1.0, respectively. The majority of the participants
were white (see Table 1) and 83.3% of mothers and 82.6% of
-- 2015 Volume - Number -
fathers reported graduating from college and/or graduate
school. There were no differences between the control and
treatment group for parental feeding styles (P values ranging
from 0.31 to 0.54), parental restriction (P¼0.70), pressure to
eat (P¼0.54), or child neophobia (P¼0.47) (data available
upon request). In addition, there were no differences be-
tween the control and treatment groups for the majority of
subscales of the Children‘s Eating Behavior questionnaire (P
values ranging from 0.24 to 0.94). Parents in the control
group reported higher monitoring of children’s eating
compared with children in the treatment group (P¼0.05). In
addition, parents in the treatment group reported higher
slowness in eating for their children compared with the
control group (P<0.01). However, because larger sample sizes
are typically needed to study these constructs, caution about
overinterpretation of these findings is warranted.

Overall Vegetable and Granola Bar Intake
Across the intervention and regardless of treatment group,
children consumed an average of 31.7�29.2 g vegetables and
24.6�14.2 g granola bar per day. Results of the between-
group comparisons for the repeated measures analysis of
variance showed a significant effect of time (F1,22¼3.1;
P<0.05) and a time � treatment interaction (F1,22¼4,7;
P¼0.003) on mean daily vegetable intake. These data are
presented in Figure 2. Children in the treatment group
increased vegetable intake by over 100% between baseline
and Week 2 (when the intervention was delivered)—an in-
crease of approximately 1 serving/day. Post hoc analyses
demonstrated that children in the treatment group increased
vegetable intake at Week 2 relative to baseline (Bonferroni
adjustment P<0.01) and follow-up (Bonferroni adjustment
P<0.05), but there was no difference between Week 3 and
either baseline (P¼0.17) or follow-up (P¼0.95). There was no
change in vegetable intake across the intervention for chil-
dren in the control group.
There was a main effect of time (F1,22¼6.5; P<0.01) and a

trend for a time�treatment interaction (F1,22¼3.2; P¼0.06) on
mean daily granola bar intake, as represented in Figure 3.
Post hoc tests showed that children in the treatment group
decreased intake during Week 2 (Bonferroni adjustment
P�0.001) and follow-up (Bonferroni adjustment P�0.005)
compared with baseline. There was a trend for children in the
treatment group to show decreased granola bar intake at
Week 4 relative to baseline (Bonferroni adjustment P¼0.05).
In addition, change in vegetable intake from baseline to
Weeks 2 was inversely correlated with change in granola bar
intake during this same time period (r¼e0.47; P<0.05). The
relationship between vegetable and granola bar intake at
Week 3 was not significant (r¼e0.23; P¼0.16). There was no
change in granola bar intake across the intervention for
children in the control group.

Intake and Exposure to Individual Vegetable
Varieties
Although the study was powered to detect differences in
overall vegetable intake, exploratory analyses were done to
determine the influence of the intervention on children’s
intake of individual vegetable types. Across the intervention
and regardless of treatment group, children ate 16.2�16.8 g/
day carrots, 4.5�6.4 g/day snap peas, 3.7�10.0 g/day broccoli,
JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 5



Figure 2. Average vegetable intake across the four interven-
tion timepoints for children aged 3 to 5 years enrolled in a
home-based intervention using feeding practices derived from
behavioral economics and psychology. Mean�standard error
of the mean vegetable intake (grams per day) at baseline
(Week 1), treatment (Week 2 and Week 3), and follow-up (Week
4) are presented. A time�treatment interaction on vegetable
intake was significant (F1,22¼4,7; P¼0.003). Post hoc within-
subject comparisons showed significant increases in vege-
table intake in the treatment group at Week 2 compared with
baseline (P<0.01) and follow-up (P<0.05). a¼treatment group
consumed significantly more vegetables in Week 2 compared
to Week 1 (P<0.01). g¼treatment group consumed signifi-
cantly more vegetables in Week 2 compared to Week 4
(P<0.05).

Figure 3. Average granola bar intake across the four inter-
vention timepoints for children aged 3 to 5 years enrolled in a
home-based intervention using feeding practices derived from
behavioral economics and psyshology. Mean�standard error
of the mean granola bar intake (grams per day) at baseline
(Week 1), treatment (Week 2 and Week 3), and follow-up (Week
4) are presented. There was a trend for a time�treatment
interaction on granola bar intake (F1,22¼3.2; P¼0.06). Post hoc
within-subject comparisons showed significant decreases in
granola bar intake in Week 2 (P�0.001) and Week 3 (P�0.005)
relative to baseline, and a trend for a decrease between
baseline and follow-up (P¼0.05). g¼treatment group
consumed significantly less granola bar in Week 2 compared to
Week 1 (P�0.001). m¼treatment group consumed significantly
less granola bar in Week 3 compared to Week 1 (P�0.005).
V¼there was a trend for the treatment group to consume less
granola bar in Week 4 compared to Week 1 (P¼0.05).
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3.7�6.4 g/day celery, 2.4�3.0 g/day peppers, and 1.2�1.9 g/
day cauliflower. Table 2 includes information on the mean,
standard deviation, and range of intake for each of the veg-
etables in the control and treatment groups. Children in the
treatment group consumed more snap peas at Week 3
compared with follow-up (F1,33¼3.0; P<0.05). There was a
trend for snap pea (P¼0.07) and broccoli (P¼0.11) intake to
decrease across the intervention in the control group. There
were no differences for the other vegetables across all time
points in either the control or treatment groups (P values
ranging from 0.30 to 0.80). There were no relationships be-
tween the change in children’s liking of the individual veg-
etables between baseline and follow-up and their average
daily intake of the vegetables (ie, taste exposure), both
overall, and in the control and treatment groups separately.
Vegetable and Granola Bar Liking Ratings
Sex of the child was related to changes in liking of vegetables
(P<0.01) between baseline and follow-up. Regardless of
group, boys tended to decrease mean vegetable liking be-
tween baseline and follow-up, whereas ratings in girls
remained constant. As a result, sex was included as a covar-
iate in the analyses where vegetable liking was the depen-
dent variable. After adjusting for sex, there was a significant
effect of time on vegetable liking (F1,21¼9.7; P<0.005) but no
time � treatment interaction. The mean change between
baseline and follow-up for children in the control and treat-
ment groups was e0.5�1.1 and e0.4�1.0 liking units,
respectively. Children’s liking for granola bars did not change
with time (P¼0.72) or with time�treatment (P¼0.70).
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Qualitative Feedback
According to the follow-up questionnaire, all participants,
independent of treatment group, indicated the study was
helpful for a variety of reasons. The most common reasons
included access to vegetables, convenience, variety of vege-
table options, effectiveness of repeated exposure, nutrition
lessons, and increased child taste preferences. Sixty-seven
percent of parents in the control group reported no change
in children’s eating habits, vs 25% in the treatment group
(c2¼4.2; P<0.05). Limitations noted by parents included be-
ing in the control group, filling out the daily food logs, waste
of excess food, not being able to cook the vegetables, and lack
of storage space for vegetables. Parents in the control group
reported that they would be willing to pay an average of
$0.88�$0.62 extra for 1 unit of cartoon-packaged vegetables
(compared with plain or unpackaged vegetables) in a store
(range¼$0.00 to $2.00).

DISCUSSION
The purpose of this study was to determine whether chil-
dren’s vegetable intake could be increased by having parents
administer feeding-practice strategies derived from behav-
ioral economics and behavioral psychology. By having par-
ents apply these strategies with foods provided by our
laboratory, children who were “low vegetable consumers”
increased their consumption by 100% from baseline to Study
Week 2, an increase of approximately 1 serving/day. This was
in addition to the vegetables children were consuming in
other parts of their diet. In contrast, children who received
daily access to prepared raw vegetables and child-targeted
-- 2015 Volume - Number -



Table 2. Intake of individual vegetables (grams per day) across the intervention time points in children aged 3 to 5 years
randomized to control and treatment groups in an intervention to increase vegetable intake

Vegetable

Control Treatment

Baseline Week 2 Week 3 Follow-up Baseline Week 2 Week 3 Follow-up

 ����������������������������
mean�standard deviation (range)

����������������������������!
Broccolia 3.6�3.8

(0-11.5)
1.8�2.2
(0-6)

1.8�4.8
(0-17)

0.9�1.1
(0-4.2)

1.9�2.0
(0-6.5)

3.8�5.5
(0-19.9)

2.1�2.8
(0-8.5)

5.2�10.2
(1-33.5)

Peppers 7.4�13.7
(0-44.9)

6.5�14.3
(0-39.2)

6.5�15.6
(0-52.3)

7.2�20.7
(0-72)

1.1�1.0
(0-3)

2.8�5.5
(0-19.8)

1.0 � 0.6
(0-1.5)

1.4�1.9
(0-7)

Carrots 23.3�27.0
(0-73)

14.1�18.6
(0-52)

16.5�18.7
(0-57.1)

17.3�18.8
(0-51.5)

13.2�18.5
(0-63.6)

20.4�23.2
(0-60.8)

19.5�19.5
(0-54.3)

20.3�26.5
(0-70)

Cauliflower 0.7�0.8
(0-2)

0.6�0.9
(0-3.2)

0.6�1.0
(0-3.4)

0.4�0.3
(0-1)

3.6�8.3
(0-29.5)

3.4�3.7
(0-13.3)

1.2�1.2
(0-4.4)

1.0�1.2
(0-4.2)

Snap peasb 4.2�5.2
(0-17)

2.7�3.7
(0-12)

2.0 � 4.7
(0-15)

1.0�1.5
(0-5.5)

5.2�6.9y,z
(0-23.6)

11.4�16.7y,z
(0-52.9)

8.4�10.2y
(0-32.5)

3.0�5.4z
(0-18.3)

Celery 3.7�7.4
(0-24.6)

2.4�4.2
(0-13.2)

1.5�4.0
(0-14.1)

2.2�3.8
(0-12)

3.3�6.1
(0-21)

8.2�15.4
(0-44.6)

5.0�10.4
(0-36.6)

6.2�13.2
(0-43.4)

aThere was a trend for broccoli intake to decrease across the intervention in the control group (P¼0.11).
bThere was a significant difference in the treatment group for intake of snap peas across intervention time points (F3,33¼3.0; P<0.05). Children in the treatment group increased intake of
snap peas at Week 3 compared with follow-up (P<0.05).
yzSignificant differences between time points are denoted with different letter superscripts (y, z). There was a trend (P¼0.07) for intake of snap peas to decrease across time points in the
control group.
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nutrition education, without specific behavior strategies,
showed no change in eating behavior. This intervention
achieved robust results compared with other interventions
directed at increasing vegetable intake in preschool-aged
children.53-56 For example, one of the most effective school-
based interventions that uses a combination of modeling,
repeated tasting, and incentives achieved a 50% increase of
fruits and vegetables combined,53 and a follow-up study that
tested the same intervention in US schoolchildren found a
75% increase in vegetable consumption.57 The results of our
pilot study are encouraging, and future studies are warranted
to test the sustainability of these practices over time.
Because this was a proof-of-concept study, the treatment

period was only 2 weeks and children showed the most
robust response during the first week the treatment was
administered. It is important to note that children’s vegetable
intake was not significantly different at Week 3, suggesting
that the increase observed during the first week might not be
sustained at the same level. In addition, when the cartoon
packaging and defaults were removed, children’s vegetable
intake returned to baseline. Two weeks of exposure to six
different vegetables was likely not enough time for children
to develop long-lasting patterns of intake around these foods.
In a previous study from our lab where children aged 4 to 5
years were exposed to vegetables and fruits delivered in
cartoon packaging for 4 weeks, the effects not only persisted,
they continued to increase for the 2 weeks after the treat-
ment was removed.25 Determining both the sustainability of
these feeding practices and the dose required to ensure that
effects persist once they are removed are key questions to be
answered before translating this intervention on a larger
scale.
-- 2015 Volume - Number -
Although we do not have exact measures of the number
of taste exposures children received for the vegetables in
this study, we used average daily intake as a proxy and
found no relationships to changes in children’s liking for
the vegetables across the study. This suggests that greater
daily taste exposure to the vegetables was not related to
either increases or decreases in vegetable liking. In gen-
eral, liking ratings for vegetables decreased across the
intervention, an effect that can probably be attributed to
monotony. Previous research demonstrates that repeated
taste exposure, either used alone58,59 or in combination
with other strategies (eg, incentives)53-55,60-62 can increase
both food acceptance and intake. However, there is debate
about the optimal number of taste exposures, with studies
reporting between 5 and 27 tastings63-65 needed to in-
crease food liking and/or intake. In addition, there is
variability in the response to repeated exposure due to
neophobia, age, food fussiness, and initial vegetable liking
that influences whether a child is likely to respond to this
approach or not.65-67 Moreover, multiple studies have
demonstrated that repeated exposure to foods that are
well liked at the start of a study can result in decreased
liking of these foods due to product boredom.68,69

Therefore, the fact that the intervention was successful
at increasing children’s vegetable intake even though
liking ratings tended to decrease in both groups is not
unexpected given previous findings in this area.
An alternative explanation for the reductions in liking seen

in some children is that the use of the incentive (ie, stickers)
undermined children’s intrinsic liking of the vegetable.70,71

Although this is a possibility, numerous studies have used
rewards effectively to increase children’s intake of certain
JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 7
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foods, and in some studies, the effects have been maintained
after withdrawal of the reward.53,72 As found in the present
study, most previous studies have demonstrated robust ef-
fects of incentives or rewards on food intake,53,73 but not
necessarily food acceptance.74-76 The type of incentive that is
most effective (ie, tangible vs verbal praise) and the ideal
length of time for delivering the incentive are important
questions to be answered in future studies.
In addition to increases in vegetable intake, the strategies

used were also effective at reducing intake of a palatable,
high-energy-dense snack (a chocolate chip granola bar).
Moreover, increased intake of vegetables was negatively
correlated with reduced intake of the granola bar during
Week 2, suggesting that children replaced one type of food
for the other. Although these results may not be surprising
given that children had to select either a vegetable or granola
bar when offered, they were not required to eat the snack
they selected. In addition, parents were allowed to give
children as many snack selections over the course of the day
as they wanted. Therefore, it is possible that children could
have requested more granola bars to have at other times of
the day if they were hungry. Studies that have instructed
participants to replace more energy-dense foods with fruits
and vegetables have demonstrated improvements in body
weight.77 By altering the contexts in which foods are pre-
sented to children, the strategies tested in our study achieved
both increases in vegetable intake and decreases in intake of
high-energy-density snacks. If sustained over time, these
strategies could be an effective approach to moderate energy
intake.
In general, parents reported that they appreciated several

aspects of the intervention. In particular, the convenience of
having vegetables washed, cut, and prepackaged was noted
as a benefit of both the control and treatment groups. In
addition, although children’s liking ratings for some vegeta-
bles decreased across the intervention, parents noted that
repeated exposure to a variety of vegetables was a beneficial
part of the study. Parents also reported that they enjoyed the
nutrition lessons directed at children. Parents noted a few
limitations as well. The most commonly mentioned limita-
tions were the lack of flexibility in how the vegetables could
be prepared and served. A few parents did not use the ranch
dressing (due to perceptions that it was unhealthy), so we
allowed them to use other types of dips and salad dressings
that were available in the home provided they listed these on
the food logs. Unfortunately, we were unable to discern from
the food records the exact frequency with which this strategy
was employed. Moreover, the inability to cook the vegetables
and serve them as part of a family meal was a limitation. To
attain an accurate postweight measure of the leftovers, veg-
etables needed to be served in the form provided (ie, raw). To
integrate other family members into the treatment, we pro-
vided additional vegetables that others could consume along
with the target child. Allowing parents the flexibility of
adding vegetables to family recipes is an important step to
ensuring the broad-scale applicability of these practices.
Follow-up studies should employ alternative methods of
measuring vegetable intake (eg, food diaries or skin bio-
markers of carotenoids) that will allow for more flexibility in
serving and preparation, and could ideally lead to increases in
produce consumption beyond the 1 serving/day observed in
this study.
8 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
There were several strengths and limitations to the pre-
sent study. The control and treatment groups were assigned
randomly and did not differ by sex, age, weight status, food
neophobia, or most child eating behaviors. In addition,
retention was 100%, suggesting that parents did not mind
delivering these strategies over a short-term study. Finally,
vegetable and granola bar intake were directly measured,
although we do not know the extent to which parents were
compliant with instructions to return all leftovers. Limita-
tions of the study include the small sample size. Although
the previous effect sizes in our preliminary data suggested
that 12 per group would yield adequate power, the sample
was largely white and middle-income, so it is not known
how generalizable these findings are. In addition, due to the
small cohort, we were unable to test the effects of indi-
vidual child and parent characteristics that could influence
the success of the intervention. Variables like child sex, age,
food neophobia, food fussiness, as well as parental feeding
styles might influence the outcomes of the intervention and
should be tested in future studies. Related to this, children’s
ability to wait 5 minutes for the granola bar, as imposed in
the treatment group, might vary by temperament charac-
teristics such as self-regulation and impulsivity. Follow-up
studies are needed to determine the influence of these
factors on treatment outcomes. An additional limitation of
our design was that the number of vegetable choices offered
to children was greater than the number of high-energy-
density choices (ie, the chocolate chip granola bar). Future
studies should balance the number of vegetables offered
with the number of high-energy-density foods to fully test
the strength of these strategies. For example, offering three
vegetables with neutral liking ratings against three palat-
able, high-energy-density snacks without the perceived
health halo of granola bars would be an important test of
the ability of these feeding practices to persist in an obe-
sogenic environment. Moreover, limiting the vegetables
used in future studies to a smaller sample of options with
neutral liking ratings will help determine whether the
feeding practices are useful at increasing intake of vegeta-
bles that are less well liked than some of the varieties used
in our study (eg, carrots). In addition, the interpretation of
these findings is limited by the fact that we cannot deter-
mine for certain what children ate aside from the provided
study foods. Finally, because this was a parallel-arm study,
we are unable to separate the effects of packaging and
incentives from optimal defaults. Additional research em-
ploying a 2�2 factorial design is needed to determine the
effects of these approaches administered separately.

CONCLUSIONS
Our short-term study demonstrated that parents could suc-
cessfully deliver feeding strategies based around the concepts
of behavioral economics and behavioral psychology in the
home. These strategies were successful at increasing
preschool-aged children’s vegetable intake and decreasing
intake of a palatable, high-energy-density snack. Follow-up
studies are needed to test the long-term sustainability of
these strategies, and in particular, determine whether these
feeding practices will persist once the strategies are removed.
In addition, future research should investigate the effect of
applying other behavioral economic strategies to achieve
dietary behavior change in children.
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