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BSTRACT
arden-based nutrition-education programs for youth
re gaining in popularity and are viewed by many as a
romising strategy for increasing preferences and im-
roving dietary intake of fruits and vegetables. This re-
iew examines the scientific literature on garden-based
outh nutrition intervention programs and the impact on
utrition-related outcomes. Studies published between
990 and 2007 were identified through a library search of
atabases and an examination of reference lists of rele-
ant publications. Studies were included if they involved
hildren and adolescents in the United States and exam-
ned the impact of garden-based nutrition education on
ruit and/or vegetable intake, willingness to taste fruits
nd vegetables, preferences for fruits and vegetables, or
ther nutrition-related outcomes. Only articles published
n peer-reviewed journals in English were included in the
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eview. Eleven studies were reviewed. Five studies took
lace on school grounds and were integrated into the
chool curriculum, three studies were conducted as part
f an afterschool program, and three studies were con-
ucted within the community. Studies included youth
anging in age from 5 to 15 years. Findings from this
eview suggest that garden-based nutrition intervention
rograms may have the potential to promote increased
ruit and vegetable intake among youth and increased
illingness to taste fruits and vegetables among younger

hildren; however, empirical evidence in this area is rel-
tively scant. Therefore, there is a need for well-designed,
videnced-based, peer-reviewed studies to determine pro-
ram effectiveness and impact. Suggestions for future
esearch directions, including intervention planning,
tudy design, evaluation, and sustainability are provided.
Am Diet Assoc. 2009;109:273-280.

oncern for the health and nutritional intake of youth
in the United States remains a national priority,
and food and nutrition professionals and nutrition

ducators continue to seek innovative and effective ap-
roaches to improving dietary intake among children and
dolescents. Optimal fruit and vegetable intake is asso-
iated with good health and reduced disease risk. Re-
earch documents that fruit and vegetable consumption
lays a protective role in the prevention of cardiovascular
isease, certain cancers, obesity, and other chronic con-
itions (1,2). Despite the evidence in support of health
enefits associated with fruit and vegetable intake (1),
ational data indicate that fewer than half of boys and
irls ages 4 to 18 years consume �5 servings of fruits and
egetables daily (3). National efforts are currently under-
ay to promote increases in fruit and vegetable intake
mong youth. There is evidence indicating that school-
ased nutrition-education programs may produce moder-
te increases in fruit and vegetable consumption among
outh (4). However, nutrition intervention strategies may
e more effective in increasing fruit rather than vegetable
ntake (5). Garden-based nutrition-education programs

ay be an ideal venue to encourage increased intake of
egetables as well as fruits, as they often include the

pportunity for youth to plant, harvest, and prepare a
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ast array of vegetables and some fruits (eg, berries,
elons). With multiple exposures to fruits and vegetables

hrough hands-on experiences among their peers, youth
ay increase their fruit and vegetable intake (6).
Youth garden education programs have been imple-
ented within school and community settings throughout

he United States. The National Gardening Association in-
icates a proliferation of garden education programs across
he country (7). There have been numerous anecdotal re-
orts of a variety of healthful youth development outcomes
esulting from youth participation in garden programs (8);
owever, evidenced-based, peer-reviewed research evaluat-

ng the impact of participation in garden programs on nu-
ritional outcomes is limited. Garden program leaders have
oted improvements in a wide range of characteristics
mong youth, including environmental attitudes, commu-
ity spirit, social skills, self-confidence, leadership skills,
olunteerism, motor skills, scholastic achievement, and nu-
ritional attitudes (7). In recent years, numerous local and
ational initiatives have included components to teach food
nd nutrition through connections with gardens. Examples
f these initiatives include: The Edible Schoolyard in Cali-
ornia (9), The Youth Farm and Market Program (10), Com-

unity Design Center in Minnesota (11), The National
arm-to-School Program (12), and The National Gardening
ssociation, Kids Gardening Initiative (13). Garden pro-
rams have the potential to result in a range of benefits
ssociated with positive youth development and offer a
ands-on opportunity to develop a greater understanding of

ood systems through the cultivation of connections with
ood, the environment, and community.

While garden-based nutrition-education programs may
e a promising strategy for improving dietary intake
mong youth, there is a need for a preliminary evaluation
f existing peer-reviewed literature regarding this inter-
ention approach. This review includes articles published
n peer-reviewed journals and provides an evaluation of
arden-based nutrition intervention programs and their
mpact on youth fruit and vegetable intake, willingness to
aste fruits and vegetables, preferences for fruits and
egetables, and other nutrition-related outcomes. As reg-
stered dietitians and food and nutrition professionals
ontinue to seek creative, innovative, and effective nutri-
ion-education strategies aimed at improving youth di-
tary intake, this review offers insight into the potential
ffectiveness of utilizing garden-based nutrition interven-
ion programs and provides suggestions for future re-
earch directions.

ETHODS
rticles published from 1990 through June 2007 were

dentified by searching PubMed, Argricola, ERIC, and
sychINFO databases. The following keywords were
earched singularly and in various combinations: youth,
hildren, school gardens, community gardens, nutrition
ducation, and dietary behaviors. Articles were included
n this review if they examined the impact of garden-
ased nutrition education on youth fruit and vegetable
ntake, willingness to taste fruits and vegetables, prefer-
nces for fruits and vegetables, or other nutrition-related
utcomes. Articles were limited to those that targeted
hildren and adolescents in the United States. Only arti-

les published in peer-reviewed journals in English were p

74 February 2009 Volume 109 Number 2
ncluded in this review. Articles were excluded if the
arget population focus was on adults, elders, or the com-
unity as a whole. Eleven studies were identified that
et the review criteria (14-24).
The review is organized by first providing an overview

f the study characteristics. Then descriptions of inter-
ention methodologies and measurement tools, and sum-
aries of study outcomes are provided for two general

ategories of studies: in-school garden-based nutrition-
ducation research and afterschool or community garden-
ased nutrition-education research. Implications for fu-
ure research are discussed.

verview of Study Characteristics
he 11 studies represented a variety of geographic re-
ions, including year-round warm-weather climates and
hose with colder-winter climates. The studies utilized a
ariety of intervention designs and measurement tools
anging in intensity and rigor. The studies differed in
ntervention design methodology and in the types of eval-
ation tools utilized to evaluate outcomes. Five studies
ere located on school grounds and were integrated
ithin the school curriculum (14-18), three were con-
ucted as part of an afterschool program (19-21), and
hree were conducted within the community (22-24).
tudies included youth ranging in age from 5 to 15 years,
ith the majority of participants in third through sixth
rade. Five of the 11 studies included intervention and
ontrol or comparison groups (14-16,19,21), of which
hree studies included a comparison of garden-based nu-
rition education with nutrition education alone
14,15,21), five studies used pre–post tests within the
ame population (17,18,20,22,24), and one study reported
hemes from focus groups (23). Investigations routinely
elied on convenience samples and varied in intensity as
ell as duration; with one study reporting 6-month fol-

ow-up data (15). Evaluation tools included 24-hour recall
orkbooks, surveys, one-on-one interviews, and focus
roups. The majority of investigators reported attempts
o use tools with known reliabilities and/or validated
easures.
Outcomes evaluated in this review include fruit and

egetable intake (14,17,20,22), willingness to taste fruits
nd vegetables (15,16,18), and fruit and vegetable pref-
rences (15-17,19,21,24). This review also includes out-
omes of fruit and vegetable knowledge (16,18,19,21,24),
elf-efficacy to consume fruits and vegetables (19,21), and
ther nutrition-related outcomes. Findings from a quali-
ative study with youth who participated in a summer
ardening program are also included in this review (23).

verview of Studies
igure 1 represents the characteristics of each study re-
iewed, including study location, population, design and
uration, measurement tools utilized, and study out-
omes. The following overview of the literature provides
ore detail about study design, measurement tools and
ethodologies, and the impact of youth garden-based

utrition education on fruit and vegetable intake, will-
ngness to taste fruits and vegetables, fruit and vegetable

references, and other nutrition-related outcomes.



Author, year State Study population (n) Design (duration) Measures Measurement tools Nutrition outcomes

In-School
McAleese and

Rankin,
2007 (14)

ID Sixth-grade male/female
(99)

Garden�nutrition
education (45)

Nutrition-education only
(25)

Control (25)

Pre–post, intervention/control
(12 weeks)

FVa intake 3-day 24-hour recall
workbooks

Significant increase in FV intake among garden�nutrition-education
group above nutrition-education only and control group.

Significant increase in vitamin A, vitamin C, and fiber among
garden�nutrition-education group.

Morris and
Zidenberg-
Cherr, 2002
(15)

CA Fourth-grade male/female
(213)

Garden�nutrition
education (81)

Nutrition-education only
(71)

Control (61)

Pre–post, intervention/control
(9 lessons in 17 weeks;
6-month follow-up data)

Vegetable preferences,
willingness to taste
vegetables, nutrition
knowledge

Questionnaires Posttest preference scores for carrots and broccoli were significantly
greater for garden�nutrition education and nutrition education only
group above control group. Posttest preference scores for snow
peas and zucchini were significantly greater for garden�nutrition-
education group above nutrition-education only and control group.
At 6 months, garden�nutrition-education group retained a
significantly greater preference for broccoli, snow peas and
zucchini. There were no differences between groups in willingness
to taste vegetables.

Significant increase in general nutrition knowledge among garden�
nutrition-education group and nutrition-education only group above
control group.

Morris and
colleagues,
2001 (16)

CA First-grade male/female
(97)

Intervention (48)
Control (49)

Pre–post, intervention/control
(lessons throughout school
year)

Vegetable preferences,
willingness to taste
vegetables, nutrition
knowledge

One-on-one interviews No significant improvement in vegetable preferences. Intervention
students were more willing to taste spinach, carrots, peas,
broccoli, zucchini, and red bell pepper. Significant improvements in
knowledge to identify food groups, but not ability to identify
vegetables.

Lineberger and
Zajicek,
2000 (17)

TX Third- to fifth-grade
male/female (111)

Pre–post (10 lessons,
delivered to accommodate
classroom schedules)

FV intake
FV preferences

24-Hour recall journal,
preference
questionnaire

No increase in FV intake. Significant increases in vegetable
preference, but not fruit preference. Significant increase in FV
snack preference.

Cason, 1999
(18)

SC Kindergarten (n not
reported)

Pre–post (weekly lessons,
duration not reported)

Willingness to taste FV
FV identification

Interviewer-led survey Increase in willingness to taste FV. Increase in number of students
able to identify fruits and vegetables.

Afterschool
O’Brien and

Shoemaker,
2006 (19)

KS Fourth-grade male/female
(38)

Intervention (17)
Control, no intervention

(21)

Pre–post, intervention/control
(10 weeks)

FV Preferences, nutrition
knowledge, self-efficacy to
consume FV

Questionnaires No improvements in FV preferences or knowledge. Increased self-
efficacy to consume FV, statistical significance not reported.

Hermann and
colleagues,
2006 (20)

OK Third- to eighth-grade
male/female (43)

Pre–post (1 day per week,
duration not reported)

Vegetable intake Single-item survey
question

Significant increase in report of daily vegetable intake.

Poston and
colleagues,
2005 (21)

KS Third- to fifth-grade
male/female (29)

Intervention (18)
Comparison, nutrition-

education only (11)

Pre–post, intervention/control
(8 lessons 1/week)

FV preferences, nutrition
knowledge, and self-efficacy
to consume FV

Questionnaires No significant improvements in FV preference, knowledge, or self-
efficacy among participants in intervention or comparison groups.

Community
Lautenschlager

and Smith,
2007 (22)

MN 8-15 y male/female (96-
pre, 66-post)

Pre–post (10 weeks, 3 days/
week)

FV Intake 24-hour recall and
survey

Significant increases in FV intake, boys only.

Lautenschlager
and Smith,
2007 (23)

MN 9-15 y male/female (40)

Gardeners (26)
Nongardeners (14)

Focus groups (3 gardener/3
nongardener groups)

Beliefs, knowledge, and values
with regard to nutrition and
cooking

Focus groups Youth gardening program participants were more willing to eat
nutritious food, try ethnic and unfamiliar food, greater likelihood to
cook and garden, and expressed a greater appreciation for other
individuals and cultures.

Koch and
colleagues,
2006 (24)

TX Second- to fifth-grade
male/female (56)

Pre-mid-post (duration ranged
from 1 day/week for 12
weeks to daily for 1 week)

FV Preferences, Consumption
of healthy snack, knowledge
of the benefits of FV

Preference questionnaire,
multiple choice exam,
and interview

No significant differences in FV preferences. Significant improvements
in healthy snack consumption and knowledge of the benefits of FV.

Figure 1. Summary of study characteristics and impacts of youth garden-based nutrition education on fruit and vegetable intake, willingness to taste fruits and vegetables, and fruit and
vegetable preferences. aFV�fruits and vegetables.
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n-School Garden-Based Nutrition Education Research
cAleese and Rankin (14) evaluated the impact of a

2-week in-school intervention on fruit and vegetable
ntake among sixth-grade students from three south-
ast Idaho elementary schools: two intervention schools
n�70) and one control school (n�25). The intervention
chools were divided into nutrition education alone (n�25)
nd nutrition education combined with food preparation
nd gardening activities (n�45), including weeding, water-
ng, and harvesting strawberries, cantaloupe, and a variety
f fall crops. Three 24-hour food recalls in the form of work-
ooks were completed by students at baseline and again 12
eeks later. Classroom teachers administered food-recall
orkbooks, which included age-appropriate instructions
nd portion-size illustrations. Students participating in the
utrition education combined with garden experiences in-
reased significantly (P�0.001) their daily intake of fruits
nd vegetables from 1.9 to 4.5 servings, when compared to
.1 to 2.2 servings among students in the nutrition-
ducation�only group and 2.4 to 2.0 servings among stu-
ents in the control group. In addition, students participat-
ng in the nutrition education combined with garden
xperiences significantly increased vitamin A, vitamin C
nd fiber intake. A strength of this study design was that it
valuated whether garden participation would enhance in-
ake more than nutrition education alone.

Morris and Zidenberg-Cherr (15) evaluated the impact
f a 17-week, in-school intervention (delivered every
ther week) on vegetable preferences, willingness to taste
egetables, and nutrition knowledge among students
n�213; fourth grade) from three California elementary
chools: two intervention schools and one control school.
he nutrition-education program was based on the Social
ognitive Theory. One intervention school received nu-

rition-education�only using a nine-lesson classroom-
ased nutrition curriculum developed by investigators.
he second intervention school received nutrition educa-
ion combined with garden activities, including experi-
nces with planting, maintaining, and harvesting. Study
valuation was conducted in the fall (pretest) and spring
posttest), and included 6-month postintervention fol-
ow-up data. Investigators reported utilizing previously
alidated methodology to assess vegetable preferences
25-27). Compared to the control group, posttest preference
cores for carrots and broccoli were greater for the garden
ctivities and nutrition education group and nutrition-
ducation�only group. Compared to the control and nutri-
ion-education�only groups, posttest preference scores for
now peas and zucchini were greater for garden activities
nd nutrition-education group. At 6 months, the garden
ctivities and nutrition-education group retained greater
references for broccoli, snow peas, and zucchini. No differ-
nces between groups were found in willingness to taste
egetables. Nutrition knowledge was also assessed via a
utrition-knowledge questionnaire, previously tested for re-

iability and content validity. Compared to the control
roup, students in the garden activities and nutrition-edu-
ation group and nutrition-education�only group had con-
iderably higher posttest nutrition-knowledge scores, ad-
usted for pretest scores, and improvements were

aintained at 6-month follow-up. A strength of this study

as that it evaluated whether garden participation would m

76 February 2009 Volume 109 Number 2
nhance outcomes more than nutrition education alone and
t included 6-month postintervention follow-up data.

Morris and colleagues (16) evaluated the impact of an
-month in-school, feasibility/pilot study on vegetable
references, willingness to taste vegetables, and nutri-
ion knowledge among students (n�97; first grade) from
wo California elementary schools: one control school and
ne intervention school. The nutrition-education program
as guided by Social Cognitive Theory. The intervention

chool included nutrition-education curriculum and garden
ctivities, including planting, maintaining, and harvesting
all and spring gardens growing spinach, carrots, peas, and
roccoli. The control school received no formal nutrition
ducation or garden opportunities. Vegetable preferences
nd willingness to taste vegetables were assessed via one-
n-one interviews with trained interviewers in fall (pretest)
nd spring (posttest). Investigators reported using previ-
usly validated methodology for the vegetable tasting as-
essment (25). Posttest preferences for vegetables were not
ubstantially improved in the intervention or control group,
veraging �1.25, on a scale of 0 to 2. At posttest, interven-
ion students were more willing than control students to
aste spinach, carrots, peas, broccoli, zucchini, and red bell
epper (P�0.005). Authors speculated that the limited
umber of taste-testing opportunities may have influenced
heir preference results, although it is unclear how many
aste-testing opportunities children received. Nutrition
nowledge, within the intervention group indicated sub-
tantial improvements in the ability to identify food groups,
ut no change in ability to correctly identify vegetables. A
trength of this study was that it provided information
bout young children’s willingness to taste vegetables
rown in the garden.
Lineberger and Zajicek (17) evaluated the impact of a

0-unit, 1 year, in-school intervention on fruit and vege-
able intake and fruit and vegetable preferences among
tudents (n�111; third to fifth grade) from five Texas
lementary schools. All students were exposed to the
ntervention, including nutrition education combined
ith garden and food preparation activities. Teachers

ntroduced information from each of the 10 units in the
urriculum, but were allowed to adapt materials to ac-
ommodate classroom schedules. Fruit and vegetable in-
ake and fruit and vegetable preferences were assessed in
he spring (pretest) and again the following spring (post-
est). Fruit and vegetable intake was assessed via 24-
our food-recall workbooks. No improvements in fruit
nd vegetable intake were found. Fruit and vegetable
references were assessed via a previously developed
ruit and vegetable preference questionnaire (28). Stu-
ents showed improvements in vegetable preferences and
references for fruits and vegetables over another snack
tem; however, no changes in fruit preferences were de-
ected. A strength of this study was that it included
tudents from five different schools.
Cason (18) evaluated the impact of an in-school inter-

ention on willingness to taste fruits and vegetables and
ruit and vegetable identification among kindergarten
tudents from three classes at one elementary school in
outh Carolina. This study was not presented as a re-
earch article, but rather as a description of an innovative
pproach to nutrition education. A KinderGarden com-

ittee, consisting of teachers, school administrators, par-



e
e
t
n
c
s
a
d
g
i
v
c
v
s
d

A
R
G
m
m
p
s
g
c
o
w
t
h
t
b
a
v
m
k
s
v
i
i
w

a
C
m
t
r
d
c
t
d
e
t
w
p
d
l
t
v
s
d
t
s
c

a
t
s
d
a
i
G
s
p
s
p
t
l
v
w
n
k
b
s
g

a
f
(
M
n
F
n
d
f
d
v
f
b
c
s
3
d
y
g
(
w
d
t
p
l

m
e
t
s
d
f
w
w
F
o
t
p
s

nts, business and industry volunteers, and extension
ducators were involved with planning and implementa-
ion of the intervention. All students were exposed to
utrition education and garden activities. Nutrition edu-
ation was integrated into existing language arts and
cience curriculum, delivered for 30 minutes each week,
nd included food preparation and tasting activities. Gar-
en exposure included 30 minutes per week (working in
roups of 10) in the school garden. Pre- and postdata
ndicated a 69% increase in willingness to taste fruits and
egetables. In addition, the percentage of students able to
orrectly identify fruits increased from 52% to 94% and
egetables increased from 43% to 86%. A strength of this
tudy was that it included the use of a committee to
evelop and implement the intervention.

fterschool and Community Garden-Based Nutrition-Education
esearch
uided by Social Cognitive Theory, O’Brien and Shoe-
aker (19) evaluated the impact of a 10-week (weekly, 80
inutes), afterschool intervention on fruit and vegetable

references, nutrition knowledge, and self-efficacy to con-
ume fruits and vegetables among children (n�38; fourth
rade) from two similar Kansas elementary schools: one
ontrol group (n�21) and one intervention group (n�17)
f participants in an afterschool gardening club. Each
eek, children in the intervention group received nutri-

ion lessons, gardened for 30 minutes and consumed a
ealthful snack. Fruit and vegetable preferences, nutri-
ion knowledge, and self-efficacy to eat fruits and vegeta-
les were assessed. Fruit and vegetable preference (28)
nd self-efficacy (27) questions were based on previously
alidated measures. There were no significant improve-
ents in fruit and vegetable preferences or nutrition

nowledge; however, investigators noted that these
cores were high at the beginning and end of the inter-
ention. Self-efficacy to consume fruits and vegetables
ncreased among the intervention group participants, but
nvestigators did not report whether or not this increase
as statistically significant.
Hermann and colleagues (20) evaluated the impact of

n afterschool intervention facilitated through Oklahoma
ooperative Extensive Services (1 day per week, for 90
inutes) on vegetable intake among youth (n�43; third

o eighth grade). The intervention utilized existing cur-
icula and the garden embraced the “three sisters” gar-
en (corn, beans, and squash) of the Native American
ulture. Native American youth comprised nearly 75% of
he sample. Youth planted, maintained, and harvested a
ozen vegetables in the garden. Youth received nutrition
ducation and prepared healthful meals and snacks with
he harvested produce. Vegetable intake was assessed
ith a single question at baseline and follow-up. The
ercent of youth who reported, “I eat vegetables every
ay,” significantly increased (P�0.02) from 22% at base-
ine to 44% at follow-up. Strengths of this study included
he use of diverse hands-on activities as well as the in-
olvement of community members and parents who as-
isted with garden activities and local businesses who
onated supplies. Furthermore, schoolteachers utilized
he garden with their classes, which resulted in the
chool seeking and receiving financial resources to pur-

hase a greenhouse. a
With Social Cognitive Theory as a framework, Poston
nd colleagues (21) evaluated the impact of an interven-
ion on fruit and vegetable preferences, knowledge, and
elf-efficacy to consume fruits and vegetables among chil-
ren (n�29; third to fifth grade) recruited from a Boys
nd Girls Club in Kansas. Eighteen children participated
n an 8-week (20 to 60 minutes/lesson) Junior Master
ardener’s program, while 11 participated in a five-les-

on (30 to 60 minutes/lesson) nutrition-education�only
rogram. The program was implemented in the fall and
ummer with one intervention each time and one com-
arison group in the summer. Children in the interven-
ion group consumed a healthful snack, completed the
esson, and gardened for 10 to 15 minutes. Fruit and
egetable preference (28) and self-efficacy (27) questions
ere based on previously validated measures. There were
o increases in fruit and vegetable preferences, nutrition
nowledge, or self-efficacy to consume fruits and vegeta-
les in either group. Investigators suggested that the
mall sample size, limited program length, and limited
arden time may have influenced outcomes.
Lautenschlager and Smith (22) evaluated the impact of
10-week community-based intervention (3 days a week

or 10 weeks) on fruit and vegetable intake among youth
n�96 baseline, n�66 follow-up; ages 8 to 15 years) in

inneapolis/St Paul, MN. Participants were exposed to
utrition, cooking, and gardening lessons in the summer.
ruit and vegetable intake was determined by a combi-
ation of measurement tools, survey questions, and recall
ata. Responses to survey questions “How many pieces of
ruit did you eat yesterday?” and “How many vegetables
id you eat yesterday?” were averaged with fruit and
egetable intake data derived from 24-hour recalls. Boys’
ruit and vegetable intake significantly increased from
aseline to follow-up, whereas girls’ intake did not
hange. Boys intake of fruit increased from 2.0 to 3.0
ervings (P�0.029) and vegetables increased from 2.0 to
.4 (P�0.007). Lautenschlager and Smith (23) also con-
ucted six focus groups with two populations of inner-city
outh: those involved in the garden program (three
roups, n�26) and those with no exposure to the program
three groups, n�14). Investigators determined that
hen compared to the nongarden participants, youth gar-
en participants were more willing to eat nutritious food,
ry ethnic and unfamiliar food, expressed a greater ap-
reciation for individuals and cultures, and were more
ikely to cook and garden.

Koch and colleagues (24) evaluated the impact of a com-
unity-based intervention on fruit and vegetable prefer-

nces, consumption of a healthful snack, and knowledge of
he benefits of fruits and vegetables among youth (n�56;
econd to fifth grade) in four Texas counties. Intervention
elivery was determined by each county agent and ranged
rom a 1-week summer camp format to once per week for 12
eeks. All participants were exposed to the intervention,
hich included nutrition education and garden activities.
ruit and vegetable preferences were assessed via a previ-
usly developed questionnaire (28). Following the interven-
ion there were no improvements in fruit and vegetable
references; however, improvements in healthful snack con-
umption and knowledge about the benefits of eating fruits

nd vegetables were reported.
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ummary of Outcomes
utcomes investigated in this review included four stud-

es evaluating changes in fruit and/or vegetable intake
14,17,20,22), six studies evaluating changes in fruit
nd/or vegetable preferences (15-17,19,21,24), and three
tudies evaluating changes in willingness to taste fruit
nd/or vegetables (15,16,18). Three studies reported that
xposure to garden-based nutrition education was asso-
iated with increased fruit and vegetable intake (14,22) or
egetable intake (20) among youth, one study reported
hat significant increases in fruit and vegetable intake
ere only seen in boys (22). One study reported no im-
rovements in fruit and vegetable intake (17). Two stud-
es reported that exposure to garden-based nutrition ed-
cation was associated with increased preference for
egetables (15,17), whereas four studies reported no im-
rovements in preferences for fruits (17,19,21,24) or veg-
tables (16,19,21,24). One study found that children re-
orted an increase in fruit and vegetable snack preference
pon exposure to garden-based nutrition education (17).
wo studies with younger children in kindergarten and first
rade reported that exposure to garden-based nutrition pro-
rams resulted in increased willingness to taste fruits and
egetables (18) or vegetables (spinach, carrots, peas, broc-
oli) (16); while one study with fourth graders reported no
mprovements in willingness to taste vegetables (15). This
ncreased willingness to taste fruits and vegetables among
he youngest children in kindergarten (18) and first grade
16) is encouraging, as it could potentially lead to developing
ncreased fruit and vegetable preferences and fruit and veg-
table intake as they grow older (29).
While the primary outcomes of interest in this review
ere fruit and vegetable intake, willingness to taste

ruits and vegetables, and fruit and vegetable prefer-
nces, other nutrition-related outcomes are worth noting.
any of the studies also assessed changes in nutrition

nowledge. Four studies reported that exposure to gar-
en-based nutrition education was associated with in-
reased nutrition knowledge (15,16,18,24), whereas two
tudies did not report improvements in nutrition knowl-
dge following intervention programming (19,21). Mea-
urement of knowledge ranged from the ability to identify
ood groups among younger children to the ability to
ecognize the benefits of fruits and vegetables and gen-
ral nutrition knowledge among older children. While one
tudy reported no increase (21) in self-efficacy to consume
ruits and vegetables, another study reported improve-
ents, but not whether these improvements were statis-

ically significant (19). Other outcomes associated with
xposure to garden-based nutrition education included
ncreased intake of vitamin A, vitamin C, and fiber (14);
ncreased likelihood to cook (23); and increased appreci-
tion for other individuals and cultures (23).
Collectively, results from the studies in the current

eview provide some important insight into the feasibility
nd effectiveness of garden-based nutrition education;
owever, most involve limitations in evaluation method-
logy and study design. Investigators utilized different
valuation tools to measure fruit and vegetable intake,
hich may have influenced outcomes. One study utilized
single item question to assess vegetable intake, another
sed a combination of survey questions and 24-hour re-

all data, and two other studies reported the use of a g

78 February 2009 Volume 109 Number 2
alidated 24-hour recall workbook to measure intake;
owever, the 24-hour recall validation process has not
een published in a peer-reviewed journal. Studies were
imited by small sample sizes, lack of long-term follow-up
ata, and lack of process survey data. In addition, some of
he study descriptions would have been more complete
ith additional details about intervention design and

nformation regarding the successes and challenges of
tudy implementation. It is important that future studies
nclude systematic process evaluation reports to inform
uture research interventions.

With regard to study design, investigators routinely
elied on convenience samples involving youth who may
r may not have had a prior interest in nutrition or
ardening, thus biasing the results and limiting their

Intervention Planning
● Include a formal needs assessment prior to implementing

intervention
● Involve a variety of stakeholders (including youth) in the

intervention planning process
● Use theory-based quantitative and qualitative investigation

methods to guide intervention planning
● Consider principles in Community-Based Participatory

Research
Study Design and Evaluation Methodology

● Convene a workgroup to determine research design and
evaluation recommendations for school and community
garden-based nutrition-education interventions

● Use previously validated tools, or pilot test and validate
assessment tools prior to use

● Include sample sizes large enough to evaluate independent
impacts of sex, age, and cultural group

● Evaluate independent effects of garden-based nutrition
education and traditional nutrition education

● Evaluate which aspects of intervention design are most
critical: program time, gardening time, gardening method,
and season

● Use control groups and if resources allow, consider group
randomized trials with a minimum of six groups per
condition

● Conduct longitudinal research to track whether changes in
intake and attitudes alter over time

Outcome Measures
● Evaluate changes in dietary intake among youth and their

families as well as other physical and health-related
outcomes

● Examine which aspects of the garden-based nutrition
education are most critical: participation in garden planning,
planting, maintenance, and harvest; food preparation;
tasting; nutrition-education lessons

Program Sustainability
● Evaluate the facilitators and barriers to long-term

sustainability of programming
● Include process survey data in evaluation, in a effort to

inform future interventions
● Link school subjects and learning objectives to garden-

based education and assess/monitor the outcomes

igure 2. Considerations when implementing and evaluating garden-
ased youth nutrition-education programs.
eneralizability. In addition, while studies provided pre-
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nd postintervention data, some did not include a control
ondition and most of the studies that included control
nd comparison groups assigned only one group per con-
ition, which may have compromised the statistical out-
omes due to possible clustering. Ignoring the clustering
f observations within intact social groups (ie, students
ithin one school) leads to underestimated standard er-

ors, and thus the test of treatment differences is too
ensitive giving P values that are too small. To ensure
tatistical rigor, future research may include quasi-ex-
erimental interventions with a minimum of six groups
er condition in order to estimate appropriate standard
rrors (30). With the growing national interest in garden-
ased nutrition education, the need for well-designed
tudies is critical. It would be beneficial to convene a
orkgroup to address concerns inherent in these types of

ommunity-based projects and make recommendations
or effective study designs and evaluation methodologies.
esearch considerations for implementing and evaluat-

ng garden-based youth nutrition-education programs are
rovided in Figure 2.

ONCLUSIONS AND IMPLICATIONS FOR FUTURE PRACTICE
ND RESEARCH
here is a growing movement among educators to include
ardens as a teaching tool within schools and communi-
ies, as evidenced by the number of youth participating in
arden education programs (7,8). Schools throughout the
ountry may consider integrating garden-based educa-
ion into the curriculum as part of the school wellness
olicies required by the Child Nutrition Reauthorization
ct of 2004, as research suggests garden-based education
ay lead to improved academic achievement (31-35). In

ddition, cooperative partnerships linking school, after-
chool, and community garden programs could allow for
ontinuity of programming and enhanced learning oppor-
unities for youth, families, and community members
hroughout the year.

Based on the review of relevant but relatively limited
iterature, the evidence for the effectiveness of garden-
ased nutrition education is promising. Garden-based nu-
rition-education programs may have the potential to lead
o improvements in fruit and vegetable intake, willingness
o taste fruits and vegetables, and increased preferences
mong youth whose current preferences for fruits and veg-
tables are low. However, it is difficult to make conclusions
ased on the limited number of well-designed, methodolog-
cally peer-reviewed research studies available. Future re-
earch is needed to investigate whether garden-based nu-
rition-education programs positively impact dietary
utcomes among youth. With high obesity rates among
outh in the United States (36), it is imperative to investi-
ate creative and effective healthful eating initiatives.

his article was supported by the Adolescent Health Pro-
ection Program grant number T01-DP000112 from the
enters for Disease Control and Prevention (CDC). Its

ontents are solely the responsibility of the authors and

o not necessarily represent the official views of the CDC. 2
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