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Abstract

Objective: To examine the effect of the Virtual Sprouts intervention, an interactive multiplatform mobile
gardening game, on dietary intake and psychosocial determinants of dietary behavior in minority youth.
Materials and Methods: In this quasi-experimental pilot intervention, 180 third-, fourth-, and fifth-grade
students in Los Angeles Unified School District participated in a 3-week program that included three Virtual
Sprouts gaming sessions, three in-school lessons, and three in-home activities, using a nutrition- and gardening-
focused curriculum. Pre- and postintervention questionnaires were used to assess psychosocial determinants of
dietary behavior, including knowledge about and self-efficacy to eat fruits and vegetables (FV). Data were
collected on FV, whole grains, fiber, total sugar, added sugar, and energy from sugary beverages through the
Block Kids Food Screener (‘‘last week’’ version) for Ages 2–17. Repeated measures analysis of covariance
models was used for continuous outcomes, controlling for age, sex, ethnicity, school, and free school lunch.
Results: After the intervention, the intervention group (n = 116) compared with the control group (n = 64) had a
significantly improved self-efficacy to eat FV score (+1.6% vs. -10.3%, P = 0.01), and an improved self-efficacy
to cook FV score (+2.9% vs. -5.0%, P = 0.05). There were no significant differences in dietary intake or self-
efficacy to garden scores between intervention and control groups.
Conclusion: The results from this 3-week pilot study suggest that an interactive mobile game with a nutrition-
and gardening-focused curriculum can improve psychosocial determinants of dietary behavior in minority
youth.

Keywords: Mobile gardening game, Augmented reality, Pedagogical agent, Human computer interaction,
Nutrition, Self-efficacy

Introduction

According to recent estimates, the prevalence of
childhood overweight and obesity has reached 33.4% in

the United States.1 Furthermore, the prevalence of childhood
obesity among non-Hispanic Black (19.5%) and Hispanic
(21.9%) youth surpasses the national rate (17.0%).2 Children
who are overweight and obese are at an increased risk of
remaining overweight into adulthood3 and of adult morbidity.4

The association between childhood obesity and major health
risks in childhood as well as adulthood highlights the ur-
gent need for interventions that target children’s dietary
behaviors.

There is evidence that fruit5 and vegetable6 intake are
inversely associated with body weight and obesity.7 How-
ever, it is estimated that 93% of children (1–18 years of age)
do not consume the recommended amount of vegetables set
by the U.S. Department of Agriculture, and 60% do not
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consume the recommended amount of fruit.8 School gar-
dening programs have been shown to increase preference of
and improve attitudes toward fruits and vegetables.9,10

However, there are some challenges to implementing school
gardens, such as restrictive costs and long-term sustainabil-
ity.11 Because children have access to and are familiar with
games and technology,12 a cost-effective and rapidly de-
ployable solution might be to implement an interactive,
mobile gardening game that instills comparable garden and
nutritional science curriculum to a school garden.

This article introduces Virtual Sprouts, a tablet-based
educational game that builds on a previous successful school
gardening project.10,13–16 Virtual Sprouts was developed to
teach nutrition and gardening knowledge to minority and
underserved third through fifth graders in Los Angeles, Ca-
lifornia. The game was grounded in behavior change theory,
specifically Self Determination Theory,17 which differenti-
ates types of motivation, and Social Cognitive Theory,18

which emphasizes the relationships among person, environ-
ment, and behavior. The intervention was designed specifi-
cally to target the hypothesized psychosocial determinants of
dietary behavior. The aim of this study was to examine the
effect of the Virtual Sprouts intervention on dietary intake
and psychosocial determinants of dietary behavior. The hy-
potheses are that students who participate in the Virtual
Sprouts pilot intervention compared with control participants
will have greater improvements in gardening knowledge;
preference for and motivation to eat fruits and vegetables;
self-efficacy to cook and eat fruits and vegetables; and die-
tary intake of fruits and vegetables.

Materials and Methods

This study was registered on clinicaltrials.gov (Identifier #
NCT02017158).

Participants

A convenience sample of 180 predominantly minority and
underserved third-, fourth-, and fifth-grade students at two
public elementary schools from Los Angeles Charter Schools
was included in this quasi-experimental intervention study
(Fig. 1). At both schools, two classrooms for each grade
(third to fifth) were recruited, one received the intervention
and one was in the control condition, for a total of 12
classrooms (six per school). Students in the intervention
classrooms participated in the Virtual Sprouts intervention
for 3 weeks (n = 116). Students in the control classrooms
were invited to participate as control participants (n = 64) and
participated in the pretest and posttest measurement only.
This study was approved by the Institutional Review Board
of the University of Southern California and review boards
of participating Charter Schools. Informed written consent
from parents and assent from children were obtained. The
reporting of the Virtual Sprouts study adheres to the Trans-
parent Reporting of Evaluations with Nonrandomized De-
signs (TREND) guidelines.19

Description of the intervention

Participants played Virtual Sprouts on tablets for one
classroom hour a week, and received special Virtual Sprouts
curriculum for 1 hour a week. There was one family home
activity per week for 3 weeks, each typically spanning over
the course of 3 days. All lesson and activity materials were
provided to teachers and families. Control participants did
not participate in any gameplay or receive Virtual Sprouts
curriculum between pre- and post-measurements.

Description of the Virtual Sprouts game. The Virtual
Sprouts game includes a series of cooking and gardening

FIG. 1. Flow of participants through the Virtual Sprouts study.
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activities. Our approach leverages narrative, touch-based
mobile technologies, and Dotty, a ladybug and pedagogical
agent whose job is to help the children learn and navigate the
game. Players can choose from a selection of virtual recipes,
plant seeds, cultivate fruit and vegetable plants, and use the
resulting produce as ingredients while preparing meals (e.g.,
fruit smoothie, spinach salad) in the virtual kitchen. The
player’s effort is rewarded through augmented reality (AR)
trophies that show up on-screen as a virtual trophy. Further
details about the game and Dotty are given in Table 1.

In-class lesson materials. Classroom teachers received
training before the intervention and taught the in-class les-
sons. Lessons were the length of one classroom session and
consisted of cooking demonstrations, guided practice (with
teacher assistance), independent practice (without teacher
assistance), and student reflection on/evaluation of the les-
sons. The student learning objectives focused on information
regarding: the life cycle and functions of plants (weeks 1 and
2) and the application of the USDA’s recommended servings
of various food groups (week 3).

Table 1. Characteristics of a Videogame for Health: Virtual Sprouts

Health topic: Childhood obesity
Targeted age group: age 9–12
Other targeted group characteristics: none

Short description of game idea: Virtual Sprouts is an educational game that invites players to explore gardening and
cooking. In the game, players can grow fruits and vegetables in a virtual garden and prepare meals that meet the
nutritional needs and cravings of Dotty, a virtual Ladybug. Suggestions and feedback are designed to promote learning
and behavior change.

Target player(s): individual
Guiding knowledge or behavior change theories, models, or conceptual frameworks: Self-Determination Theory; Social

Cognitive Theory
Intended health behavior changes: increase in psychosocial measures (self-efficacy to eat/cook/garden FV, intrinsic/

extrinsic motivation); increase in fruit and vegetable intake
Knowledge elements to be learned: science and practice of gardening; procedures of healthy meal preparation; nutritional

value of recipes and ingredients
Behavior change procedures (taken from Michie inventory) or therapeutic procedures employed: problem-solving, review

of outcome goals, present instructive information, modeling, rehearsal and practice, adopt the perspective of a model,
present feedback about performance, rewards dependent on success, and rewards dependent on effort or progress

Clinical or parental support needed?: no
Data shared with parent or clinician: no
Type of game: simulation; educational

Story
Synopsis (including story arc): the narrative premise of the game is that Dotty, an ambitious bug and master gardener and
chef, was intercepted by weevils on her way to a competition and her prepared dish was destroyed. She enlists the player
and the player’s grandmother’s cookbook in a quest to make a new dish in the magical garden and kitchen. The player
must choose a recipe that meets Dotty’s nutritional needs and preferences/cravings, plant and grow some of the
ingredients required by the recipe, and prepare a meal for judging.
How the story relates to targeted behavior change: Dotty is designed to be a knowledgeable partner, to demonstrate a
good attitude toward gardening and cooking, and to encourage participation. Furthermore, she is the game’s primary
conduit for important knowledge about the science of gardening and the nutritional value of the recipes.

Game components
Player’s game goal/objectives: to select and complete a recipe that meets Dotty’s nutritional needs and preferences/
cravings, plant and grow some of the ingredients required by the recipe, and prepare a meal for judging
Rules: (1) meet the pedagogical agent’s request for taste and nutrients; (2) grow a seed in season and match its sunlight
and humidity requirements; (3) properly assemble the ingredients for the chosen recipe (scored for completeness,
nutrition, and creativity); and (4) make good nutritional choices by reducing sugar and increasing fiber
Game mechanics: goal-based simulation environment (growing and tending to seeds and plants, assembling recipe
ingredients)
Procedures to generalize or transfer what’s learned in the game to outside the game: students received in-class and in-
home training that expanded on the same topics introduced in the game (gardening and nutrition science).

Virtual environment
Setting: gardening occurs on a balcony in an urban setting; crops grown in pots with an umbrella to adjust sunlight and a
nearby water source that can be moved closer or further away; cooking occurs in a small kitchen with access to a wide
range of ingredients

Avatar
Characteristics: knowledgeable, positive, encouraging, patient, friendly, cute, energetic
Abilities: can fly, gives hints and suggestions, guides player through game
Game platform(s) needed to play the game: tablet (iOS, mac Mini)
Sensors used: camera/gyro for augmented reality rewards
Estimated play time: 1 hour

FV, fruits and vegetables.
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At-home activity materials. The at-home sessions con-
sisted of hands-on activities that were intended to be com-
pleted with the student’s family members. The activity
curriculum corresponded to the in-class student learning
objectives. Activities included planting a mini garden at
home (week 1), examining the internal structure of a celery
plant (week 2), and designing recipes to incorporate into the
family meal plan (week 3). Gardening materials and celery
plants were provided to the families.

At the completion of all postintervention measures, the
control group participants were given the opportunity to play
the Virtual Sprouts game on the iPads during a classroom
session.

Game development process

The field of human computer interaction (HCI) is highly
fragmented and continually evolving its theoretical frame-
works, which presents both a challenge and an oppor-
tunity for developing and validating theory-driven work.20

This transdisciplinary research project combined theory and
methodologies from several fields toward the design and
evaluation of the game and pedagogical agent. Major dis-
ciplines represented in this project include psychology, nu-
trition, education, computer science, design, art, and public
health. The theoretical framework underlying game design
and pedagogical agent design principles were driven by an
evidence-based consensus of the following tenets: (1)
learning consists of more than cognitive outcomes, (2) de-
sign needs to tap into noncognitive outcomes, (3) games are
cognitive-affective systems, and (4) behavior change could
be attained through affective balance mediated by peda-
gogical agents.

The game was developed for the Apple iPad� mini with
the Unity game engine and the Vuforia AR Software De-
velopment Kit (SDK). Dotty was built using LURE (Little
Unity Rule Engine), a lightweight authoring tool for
knowledge representation and control of agents in Unity3D
developed by the authors.

The team developed an alpha version (feature-complete)
digital prototype of the game through experience,21 experi-
ential,22 and participatory23 design principles at the forma-
tive research stage of the project.24 Before game software
development, activities included observation and immersion
in cooking and gardening classes designed for children,
conducting focus groups with stakeholders, surveying school
and home technology penetration and behavior, paper pro-
totyping and concept testing with stakeholders, and con-
ducting observational studies with existing games.

Measurements

Data were collected before and after the intervention in the
classroom through questionnaires, objectively measured
height and weight, and a food recognition and taste test.

Demographics. Participants were asked to provide basic
demographic information, including their age, sex, and race/
ethnicity. The questionnaire included questions about the
primary language spoken at home, mother’s car ownership,
and free/reduced lunch eligibility.

Anthropometrics. Height, weight, body fat percentage,
and waist circumference were measured in all participants in
a private section of a room, using a portable stadiometer and
a research-grade Tanita scale (model TBF 300). Body mass
index (BMI) and age- and sex-specific BMI percentiles were
determined using the Centers for Disease Control and Pre-
vention SAS program.25

Dietary intake. Intake of fruits and vegetables was mea-
sured in all participants by the Block Kids Food Screeners
(‘‘last week’’ version) for Ages 2–17.26,27 The screener
contains 41 items that asks about food eaten the previous
day, with outcomes measured in number of servings. The
screener has been validated in metropolitan area youth.28

Preferences for, motivation, and self-efficacy to cook and
eat fruits and vegetables. Measures to assess preferences
for,29 motivation,30,31 and self-efficacy32 to cook and eat
fruits and vegetables were adapted from a range of devel-
oped and validated questionnaires. The questionnaires used
in this study were previously developed for the LA Sprouts
gardening intervention, described elsewhere in detail.13

These measures were included in the pre- and posttest ques-
tionnaires.

Twenty-five questions asked about the level of overall
preference for commonly eaten fruits and vegetables on a 4-
point scale (where 1 = I like it a lot, 2 = I like it a little, 3 = I do
not like it, and 4 = I do not know what it is). Seven questions
assessed motivation relating to eating fruits and vegetables
on a 4-point scale. Fourteen questions assessed self-efficacy
to choose, cook, and eat fruits and vegetables on a 4-point
scale.

Statistical analyses

For questionnaire scale measures (self-efficacy, motiva-
tion, fruit preferences, and vegetable preferences), Cron-
bach’s alpha values were obtained and factor analyses were
performed. Cronbach’s alpha values were 0.80, 0.70, 0.59,
and 0.89, respectively, for the aforementioned constructs.
From factor analyses, self-efficacy and motivation did not
factor into hypothesized subconstructs, so subconstructs
were defined based on theory. Specifically, these were self-
efficacy to eat fruits and vegetables, self-efficacy to cook
FV, and self-efficacy to garden, autonomous motivation, and
controlled motivation. For both fruit and vegetable prefer-
ences, one factor was acceptable from the factor analyses.

T-test and chi-squared test statistics were obtained to de-
tect differences between groups at baseline. Repeated mea-
sures analysis of covariance was used with the following a
priori covariates: age, sex, race/ethnicity, school, and free/
reduced lunch eligible. Total energy (kcal/day) was used as a
covariate in dietary models, and mixed models were used to
account for energy intake at baseline and follow-up. For
these analyses, energy intake was partitioned into two vari-
ables: mean energy intake per day for each participant; and
deviation from the mean at each time point. Dietary models
were also run with total energy (kcal/day) excluded as a
covariate. Models were assessed to ensure that statistical
assumptions were met. The number of missing observations
varied by the measured item; hence, observations with
missing data for certain measurements were disregarded in
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analyses, including the measured item. Intention-to-treat
analyses were performed on all data. All analyses were
performed using the Statistical Analysis Software (Cary, NC,
version 9.3) with an alpha value set at P = 0.05.

Results

Participant characteristics

One hundred sixteen of the 138 students (84%) from the
intervention-designated classrooms agreed to participate in the

Virtual Sprouts intervention, and 64 of the 125 students (51%)
from the control-designated classrooms agreed to participate
in the control group (Fig. 1). Compared with the control
participants, Virtual Sprouts participants were somewhat more
likely to be male (51.7% vs. 37.5%, P = 0.07) and were more
likely to receive free/reduced lunches at school (92.2% vs.
70.3%, P < 0.01) (Table 2). Virtual Sprouts participants also
had a higher baseline mean intake of dietary fiber (21.6 g/day
vs. 16.0 g/day, P = 0.04). Virtual Sprouts participants had a
lower mean total motivation to eat fruits and vegetables (FV)

Table 2. Baseline Characteristics of Virtual Sprouts Participants and Control Participants (n = 180)

Virtual Sprouts (n = 116) Control participants (n = 64) Pa

Characteristic mean (SD)

Age (years) 9.9 (0.9) 9.8 (0.9) 0.40

Anthropometricsb

BMI z-score 0.5 (1.0) 0.7 (1.1) 0.25
BMI percentile 64.2 (27.5) 67.8 (29.4) 0.43

n (%)

q85th percentile 32 (30.8) 23 (39.0) 0.29
q95th percentile 12 (11.5) 13 (12.5) 0.18

Sex, male 60 (51.7) 24 (37.5) 0.07

Race/ethnicityc 0.64
Latino 11 (9.5) 7 (11.3)
White 0 (0) 1 (1.6)
Black 73 (63.0) 36 (58.1)
Native American 1 (0.9) 0 (0)
Mixed Race 30 (25.9) 18 (29.0)
Other 1 (0.9) 0 (0)

Mother has car, yesd 89 (82.4) 34 (77.3) 0.47

Language at homee 0.56
English 86 (77.5) 36 (80.0)
English and another language 2 (1.8) 2 (4.4)
Another language 23 (20.7) 7 (15.6)

Eligible to receive free lunch, yesf 107 (92.2) 45 (72.6) <0.01

mean (SD)

Attitude/perceptions
Total self-efficacye,g 3.3 (0.5) 3.3 (0.6) 0.40
Total motivatione,g 3.0 (0.6) 3.3 (0.6) <0.01
Extrinsic motivationg,h 2.7 (0.7) 3.1 (0.6) <0.01
Intrinsic motivatione,g 3.3 (0.8) 3.5 (0.8) 0.37
Fruit preferencesh,i 1.3 (0.4) 1.2 (0.2) 0.44
Vegetable preferencese,i 1.8 (0.5) 1.9 (0.5) 0.56

Nutrientj

Vegetables (cup equivalent, no potatoes/day) 1.4 (1.5) 1.0 (1.1) 0.06
Fruit (cup equivalent/day) 2.2 (1.6) 1.8 (1.4) 0.13
Whole grains (ounce/day) 1.0 (1.2) 0.8 (0.9) 0.19
Fiber (g/day) 21.6 (19.2) 16.0 (13.7) 0.04
Total sugar (g/day) 138.3 (104.3) 120.7 (91.8) 0.29
Added sugar (tsp/day) 15.6 (14.9) 14.1 (14.8) 0.55
Energy from sugary beverages (kcal/day) 87.1 (128.9) 103.1 (137.2) 0.46
Total energy (kcal/day) 2570.5 (2331.3) 1970.9 (1597.0) 0.06

aP-values were calculated using t tests and v2 tests (for continuous and categorical variables, respectively). Bold indicates P < 0.05.
bn = 163, cn = 178, dn = 152, en = 156, fn = 178, hn = 155, jn = 165.
gSelf-efficacy and motivation scores range from 1 to 4.
iPreference scores range from 1 to 3.
BMI, body mass index (calculated as kg/m2).
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score (3.0 vs. 3.3, P < 0.01) and a lower mean extrinsic mo-
tivation to eat FV score (2.7 vs. 3.1, P < 0.01) at baseline.
There were no significant differences between the intervention
and control groups for the remaining baseline measures.

Main outcomes

After the 3-week intervention, Virtual Sprouts participants
had improved aggregated self-efficacy to eat, cook, and
garden FV compared with control participants (1.9% in-
crease vs. 7.5% decrease, respectively; P = 0.01). Their mean
self-efficacy to eat fruits and vegetables score increased
1.6%, compared with a 10.3% decrease in the control group
(P = 0.01). They also had an improved self-efficacy to cook
FV score (2.9% increase vs. 5.0% decrease, respectively;
P = 0.05). However, there was not a significant increase in
the self-efficacy to garden factor scores for Virtual Sprouts
participants (Table 3).

The intervention group had a significantly lower decrease
in total motivation to eat FV as compared with the control

group, (decrease by 7.2% and 16.4%, respectively; P = 0.03)
and a significantly lower decrease in extrinsic motivation as
compared with the control group (decrease by 10.6% and
21.5%, respectively; P = 0.02).

There were no significant differences observed between
the intervention and control groups for any of the dietary
intake measures (vegetables, fruit, whole grains, fiber, total
sugar, added sugar, energy from sugary beverages) or FV
preferences, nor for BMI z-scores or percentiles. Dietary
models excluding total energy (kcal/day) as a covariate were
also nonsignificant (data not shown). Body fat percentage
and waist circumference were also measured with the Tanita
scale at baseline and posttest, and no significant changes
were observed.

There were no significant differences in age (P = 0.33), sex
(P = 0.64), race/ethnicity (P = 0.96), socioeconomic status
indicators (P = 0.72 for mother car ownership; P = 0.64 for
child free school lunch eligibility), or BMI z-scores
(P = 0.29) between students lost to follow-up and those who
participated in the posttest, overall and by condition.

Table 3. Change in Characteristics Between Virtual Sprouts Participants

and Control Participants (n = 180)

Characteristic

Virtual Sprouts (n = 116) Control (n = 64)

P

Pre Post
Mean

change Pre Post
Mean

change

mean (SE) mean (SE)

Anthropometricsa

BMI z-score 0.07 (0.34) 0.05 (0.35) -0.02 0.35 (0.33) 0.31 (0.34) -0.04 0.30
BMI percentile 52.26 (9.52) 52.07 (9.78) -0.19 58.54 (9.24) 57.48 (9.49) -1.06 0.32

Attitude/perceptions
Total self-efficacyb,c 3.08 (0.17) 3.14 (0.17) 0.06 3.20 (0.17) 2.96 (0.17) -0.24 0.01
Self-efficacy to eat FVb,c 3.07 (0.19) 3.12 (0.22) 0.05 3.19 (0.20) 2.86 (0.22) -0.33 0.01
Self-efficacy to cook FVb,d 3.10 (0.19) 3.19 (0.19) 0.09 3.22 (0.19) 3.06 (0.19) -0.16 0.05
Self-efficacy to gardenb,e 3.07 (0.26) 3.13 (0.26) 0.06 3.20 (0.27) 3.05 (0.26) -0.15 0.36
Total motivationb,c 2.92 (0.18) 2.71 (0.21) -0.21 3.17 (0.19) 2.65 (0.22) -0.52 0.03
Extrinsic motivationb,f 2.65 (0.21) 2.37 (0.25) -0.28 3.02 (0.21) 2.37 (0.26) -0.65 0.02
Intrinsic motivationb,c 3.26 (0.25) 3.20 (0.27) -0.06 3.37 (0.25) 3.07 (0.27) -0.30 0.21
Fruit preferencesg,h 1.33 (0.11) 1.18 (0.10) -0.15 1.29 (0.11) 1.26 (0.11) -0.03 0.09
Vegetable preferencesc,g 1.77 (0.14) 1.71 (0.15) -0.06 1.81 (0.15) 1.73 (0.15) -0.08 0.87

Nutrienti

Vegetables (cups/day) 0.74 (0.44) 1.52 (0.41) 0.78 0.61 (0.43) 1.62 (0.40) 1.01 0.38
Fruit (cup equivalent/day) 2.02 (0.51) 3.19 (0.55) 1.17 1.65 (0.50) 3.12 (0.53) 1.47 0.41
Whole grains (ounce/day) 0.61 (0.34) 0.98 (0.37) 0.37 0.54 (0.33) 0.90 (0.36) 0.36 0.97
Fiber (g/day) 14.99 (5.63) 22.84 (5.09) 7.85 11.83 (5.49) 22.34 (4.96) 10.51 0.38
Total sugar (g/day) 121.16 (31.33) 163.89 (30.69) 42.73 111.18 (30.54) 158.04 (29.92) 46.86 0.83
Added sugar (tsp/day) 13.36 (4.62) 15.64 (4.38) 2.28 13.75 (4.51) 14.61 (4.27) 0.86 0.59
Energy from sugary

beverages (kcal/day)
111.08 (42.69) 60.83 (36.11) -50.25 127.15 (41.63) 66.96 (35.21) -60.19 0.75

Repeated measures analysis of covariance were performed, adjusting for a priori covariates: age, sex, race/ethnicity, school, free lunch
option. Dietary variables were also adjusted for energy. For diet data, those with residuals >j3j for kcal regressed on BMI were excluded
(n = 6). Bold indicates P < 0.05.

an = 141; VS n = 91; control n = 50.
bSelf-efficacy and motivation scores range from 1 to 4.
cn = 143; VS n = 102; control n = 41.
dn = 141; VS n = 100; control n = 41.
en = 139; VS n = 100; control n = 39.
fn = 142; VS n = 102; control n = 40.
gPreference scores range from 1 to 3.
hn = 142; VS n = 101; control n = 41.
in = 135; VS n = 89; control n = 46.
FV, fruits and vegetables; VS, Virtual Sprouts.
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Discussion

Results from this study indicate that a 3-week virtual
gardening game, with nutrition- and science-based educa-
tional components increased self-efficacy to cook and eat FV
in predominately Hispanic and Black third- through fifth-
grade elementary school students.

Longer school garden interventions (ranging from 3 to 5
months) have resulted in increased preferences for FV10,33

and increased self-efficacy to eat FV.34 These psychosocial
variables have been shown to influence FV intake in ado-
lescents,35,36 and furthermore, there is evidence that self-
efficacy contributes significantly to eating behavior.37 This
Virtual Sprouts intervention saw an increase in self-efficacy,
which is a successful outcome for such a short pilot study. A
recent review on school gardens by Davis, Spaniol, and
Somerset9 found that all three school garden studies that
measured self-efficacy to prepare, cook, and/or garden FV
resulted in improvements in self-efficacy and in dietary in-
take after the completion of the intervention.

Decreases in all self-efficacy measures in the control
group were observed as well. Both prevention and inter-
vention were taken into consideration during the design
phase of this school-based study to target a wide range of
weight statuses within the classroom (*33.4% of children
are overweight or obese1). Longer follow-up of school-based
interventions have shown successes in preventing an unfa-
vorable increase in anthropometric38 and BMI39 outcomes in
those receiving an intervention, whereas the control groups
saw an increase in these outcomes. Similarly, the VS inter-
vention was successful in not only maintaining, but also in-
creasing the self-efficacy of students, whereas their control
counterparts reported declines in self-efficacy.

The Virtual Sprouts intervention also significantly slowed
observed decreases in total and extrinsic motivation to eat
FV. While both groups had decreases in motivation to eat
FV, the control group had steeper decreases compared with
the intervention group (-16% vs. -7%; P = 0.03). There were
similar decreases in both groups for extrinsic motivation
score as well (-22% vs. -11%; P = 0.02). As reasoned above,
the VS intervention prevented a significant decrease in stu-
dents’ motivation to eat FV, compared with the at-risk
population of students whose motivation may have naturally
decreased over time.

The 3-week Virtual Sprouts intervention did not signifi-
cantly change dietary intake (of fruits, vegetables, whole
grains, fiber, total and added sugar, and energy from sugar-
sweetened beverages) or BMI. However, longer gardening
interventions have shown significant changes in dietary,
anthropometric, and metabolic variables.15 A similar target
population was evaluated in the LA Sprouts study,13 a 12-
week school gardening program in Los Angeles, CA. The
overweight subsample of participants in the LA Sprouts in-
tervention had significant reductions in BMI compared with
the control group.13 This subsample also had significantly
different changes in dietary intake compared with the over-
weight controls (0% change vs. 29% decrease) by the end of
the 12-week intervention.13 The psychosocial and dietary
measures developed for the LA Sprouts intervention were
used for the Virtual Sprouts intervention, so it is possible that
a 3-week period was not long enough to successfully change
dietary intake or anthropometric variables.

Future directions

The Virtual Sprouts game showed significant promise.
The game was developed to provide the framework for fur-
ther development, such as the addition of more content (e.g.,
recipes, characters) and development to sustain a longer in-
tervention interval. However, as commercial interactive
multiplatform games have become more popular, accessible,
and affordable; they have also become increasingly sophis-
ticated. It is extremely costly to develop the kind of slick and
sophisticated games to which most people have become
accustomed. Public/private partnerships might be needed to
develop and sustain interactive games that offer a full cast of
characters, multitudes of recipes, and hours of engaging play.
Such relationships could help the scalability of these projects
into commercial releases. The success of these products also
requires inclusion of a basic curriculum and teacher training
that could be delivered online or during teacher professional
development days. In addition, the game would require
tablets and expansion into the Android platform, but tablet
ownership is rapidly growing,40 as are ‘‘phablets,’’ which are
large smartphones, similar in size to the iPad mini.

Members of the Virtual Sprouts team have had a po-
sitive experience with an educational product (The Brain
Architecture Game41) that was recently commercially re-
leased worldwide through a seed fund by a private founda-
tion. Revenue from the game is reinvested into the project to
sustain it. Virtual Sprouts was funded through a federal
grant, which expects that a release of products be made freely
available to the public, but this model is almost impossible to
execute with entertainment products, unless there is contin-
uous investment by an external sponsor. For projects to be
discoverable and inspire confidence in their use, some in-
vestment has to be made in the production quality of the
experience design of the product. This means some aspect of
the product must generate revenue that can be reinvested
back into maintaining the product, especially as it would
have to keep up with software updates and hardware releases.
While it is true that maintenance of Virtual Sprouts may be
cheaper than a real garden, the cost is not zero. However, the
possibility for scaling in terms of size and speed is faster with
digital products.

Another possibility would be to use Virtual Sprouts as a
strong complement or enhancement for existing garden
programs. Such games might be able to bolster and/or
maintain program effects. As an additional component to a
traditional gardening program, Virtual Sprouts could be
augmented in a future iteration and overcome some of the
shortcomings of traditional hands-on gardening programs.
Because full-length games can be hard to implement and
sustain high adherence, the combination of a gardening
program (e.g., LA Sprouts) and a mobile gardening game
(e.g., Virtual Sprouts) could employ the advantageous fea-
tures of each. Future research is needed to understand the
interaction between these two types of programs.

Limitations

There are several limitations of the current study. First,
while baseline characteristics were largely the same be-
tween the intervention and control group, this is a quasi-
experimental design. The schools requested that students be
consented after classes were selected, therefore, they were
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not blinded to condition at consent. This might have con-
tributed to the difficulty in recruiting control samples, lead-
ing to an imbalance in sample size between the intervention
and control groups (n = 116 vs. n = 64, respectively). Thus,
there may not have been enough participants in the control
group to detect significant BMI or dietary intake changes.

The loss to follow-up shown in Figure 1 (36% of control
participants and 12% of intervention participants) might
have been due to the timing of the posttest data collection.
Posttest data collection occurred very close to summer va-
cation (late May) and there was a large classroom absence
rate during this time. We were only able to collect posttest
information in the classroom, so we were not able to collect
the posttest information from those students who were absent
on the day of collection. As mentioned earlier, there were no
significant differences in age, sex, race/ethnicity, socioeco-
nomic status indicators, or BMI z-scores between students
lost to follow-up, and those who participated in the posttest.

Another limitation was the short length of the intervention.
The Virtual Sprouts participants only played the Virtual
Sprouts game once per week for 3 weeks (three times total),
which may not have provided adequate exposure to the game.
However, the fact that the Virtual Sprouts game was able to
move the needle on important determinants of dietary intake
in 3 weeks is extremely novel. Lastly, the sample was pre-
dominantly Black and Hispanic, so our results may not be
generalizable to nonminority and nonurban youth populations.

Conclusions

The results from this 3-week pilot study of a mobile in-
teractive educational game with a nutrition- and gardening-
focused curriculum suggest that such an intervention can
improve self-efficacy to cook and eat FV in minority youth.
Changes in psychosocial determinants have been shown to
lead to changes in diet and, consequently, obesity,13 so the
results from this brief intervention are promising. Public
health researchers should consider a mobile educational
game as a possible alternative or addition to school gardens
for pediatric obesity interventions.
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