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ABSTRACT

BACKGROUND: Schools face increasing demands to provide education on healthy living and improve core academic
performance. Although these appear to be competing concerns, they may interact beneficially. This article focuses on school
garden programs and their effects on students’ academic and dietary outcomes.

METHODS: Database searches in CABI, Web of Science, Web of Knowledge, PubMed, Education Full Text, Education
Resources Information Center (ERIC), and PsychINFO were conducted through May 2013 for peer-reviewed literature related to
school-day garden interventions with measures of dietary and/or academic outcomes.

RESULTS: Among 12 identified garden studies with dietary measures, all showed increases/improvements in predictors of fruit
and vegetable (FV) consumption. Seven of these also included self-reported FV intake with 5 showing an increase and 2 showing
no change. Four additional interventions that included a garden component measured academic outcomes; of these, 2 showed
improvements in science achievement and 1 measured and showed improvements in math scores.

CONCLUSIONS: This small set of studies offers evidence that garden-based learning does not negatively impact academic
performance or FV consumption and may favorably impact both. Additional studies with more robust experimental designs and
outcome measures are necessary to understand the effects of experiential garden-based learning on children’s academic and
dietary outcomes.
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mong the issues facing public education are 2 performance initiatives and the latter as a result of data

competing trends. First, there is increasing showing a decline in US children’s nutritional status,
emphasis in schools and districts across the country with nearly one third now classified as overweight
on academic performance as a measure of student or obese.? Despite possible linkages between obesity
outcomes, largely to align with federal and state and academic performance, proponents of both often
legislation such as No Child Left Behind and Race to appear to be in opposition: both compete for limited
the Top.! Second, there is increasing emphasis on time and funding. Thus, this article aims to summarize
public health interventions in schools to improve existing knowledge of possible synergies between
children’s health, including those to combat the dietary and academic outcomes resulting from school-
problems of low fitness and excess obesity. Both have based interventions aimed at improving student
gained momentum, the former as a result of national health.
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Obesity is a public concern because obese children
are more likely to be obese throughout their adult
years, and are more likely than healthy-weight
children to begin experiencing weight-related health
complications at an earlier age.> Beyond the health
risks, however, are negative associations of obesity
with academic performance, suggesting that programs
to address obesity may also address some issues related
to academic performance. Cross-sectional data show
that obese children have lower grades and standardized
test scores, as well as more behavioral problems
than their healthy-weight peers.*”” In one study,
overweight seventh to ninth graders had a mean GPA
that was 0.2 lower than healthy-body mass index
(BMI) children and were twice as likely to have grades
of less than 2.0 on a 4.0 scale.® Because obesity is
linked to academic outcomes, it should be important
to balance school-based programs that maximize both
health and academic outcomes.

There is strong rationale for these associations
between health and academic performance. Health
may impact several pro-academic behaviors, such as
school attendance and time spent on homework.’ In
addition, obesity can negatively impact social interac-
tions, and this, in turn, has been associated with lower
academic performance.!? Previous reviews have exam-
ined school-based nutrition interventions, but have
focused on school breakfast, noting mostly positive
effects on outcomes supporting academic success.”!!
Furthermore, reviews demonstrate that school nutri-
tion programs effectively reduce hunger.'?"'* There-
fore, studies relating to school meal implementation
are not included in this article.

The history of nutrition-related public health pro-
grams in US schools is strongly tied to school meal
programs. An estimated 52million children aged
5-17 years spend significant time at school.!>!¢ The
National School Lunch Program (NSLP), first legis-
lated in 1946, aimed to reduce nutritional deficien-
cies and ‘““to encourage the domestic consumption of
nutrition agricultural commodities and other food.””?
Later, the School Breakfast Program (SBP) was autho-
rized in 1975 with the goal of providing ““adequate
nutrition,” targeting those with high risk for a nutri-
tional deficiency, such as children from low-income
families.>!” Today, an average of 31million chil-
dren participate in the NSLP and about 10 million
in the SBP each day.> NSLP participants consume
an average of 35% of their daily energy at school;
children participating in both meal programs may
consume as much as half.!® More recent school
nutrition efforts include the national farm-to-school
movement to bring more local fruits and vegetables
(FV) into school cafeterias and classrooms. Thus, it
would seem that school nutrition programs have con-
siderable opportunity to positively influence student
health.

In recent years, schools have begun exploring new
opportunities to educate students on healthy dietary
habits in addition to providing school meals. Health
education has been part of school curricula for decades,
and although a set of national standards published by
the Centers for Disease Control and Prevention (CDC)
exists,!” we are not able to locate documentation of
their use in schools. One such educational opportunity
arises from the provision of school gardens, which
has spread across the United States, supported by
nonprofit organizations, grassroots organizing, and
even federal funding.?®?! Gardens have a history
that began decades ago as a means of science
instruction.?!22 Today, gardens are also promoted as
a means for children to increase exposure to FV, and
thereby improve attitudes and preferences related to
FV consumption. Loosely rooted in social cognitive
theory, the premise is that exposure, attitudes, and
preferences mediate FV consumption; moreover, the
CDC promotes increased FV consumption as a strategy
for reducing obesity prevalence.?324

A few reviews published to date have focused on
the unique effects of school-based interventions aimed
at improving diet quality, with or without garden
education, on student academic outcomes. Fewer still
have focused exclusively on longitudinal, school-based
interventions. This is understandable given the signif-
icant burden of time to undertake such interventions
and evaluations. While the long-standing school pro-
grams are based on nutrition principles related to
health, it continues to be challenging for schools to rec-
oncile increasing academic accountability with public
health programming. Concurrent with the increased
emphasis on standardized test performance, programs
involving school meals, nutrition education (NE), and
school gardens have arisen to creatively address health
concerns. If evidence exists that academic performance
can be maintained or improved while implementing
health-focused programs, they can be justified.

This article aims to collate findings with respect
to school garden interventions that include measures
of academic performance and/or FV consumption. To
dissect these issues, this article is organized around 2
guiding questions: (1) Do interventions with school
gardens change dietary outcomes or their predictors?
(2) Do interventions with school gardens impact
academic outcomes?

METHODS

Database searches for peer-reviewed publica-
tions were conducted in CABI, Web of Science,
Web of Knowledge, PubMed, Education Full Text,
ERIC, and PsychINFO as of May 2013. Keywords
included various combinations of schools, academic
performance/achievement,  school  performance,
standardized test scores, cognitive function, nutrition
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education/intervention/programs,  schools, farm-
to-school, school gardens, and nutrition/dietary
intervention, vyielding 3731 records. Titles and
abstracts were scanned for relevance to our stated
aims with 155 identified as potentially relevant.
Finally, studies were assessed for quality and content,
and reference lists were checked for additional sources.

To be included, studies needed to be school garden
interventions conducted during the school day, lasting
at least 1month, in the K-12 grade range, and
include measures of academic performance and/or
diet. Studies were excluded that were not school-
based, were from non-Western cultures, were shorter
than 1 month, or were not in English. The final set of
papers, totaling 15 individual studies represented by
16 papers, lacked similar designs and measures, and
thus, formal meta-analysis was not feasible.

RESULTS

Twelve studies measuring school gardens’ effects on
predictors of and/or actual FV intake met inclusion
criteria (Table 1). Interventions comprised specifi-
cally designed garden curricula,?>2® comparisons of
NE lessons with and without gardening, or garden-
based learning integrated into regular science classes.
Interventions involved at least 9 lessons, with some
lasting up to 4months. One intervention compared
outcomes for nongardening students with those in
their first or second year of exposure to the program.?”
Half of the studies included fourth and/or fifth graders;
4 studies focused on younger grades, and 3 included
more advanced grades. Cohort size ranged from 97
to almost 2000 students; most were in the 100-300
range. Cohort ethnicity ratios were included for half
of the studies and varied greatly: 2 were ““predomi-
nantly White,”” whereas the remaining 4 were 29-93%
non-White, with 84% of 1 study’s participants self-
identifying as Hispanic. No studies specified whether
participating schools were public or private, and only
1 study?® specified whether participants were from
urban or rural settings, although another?® can be eas-
ily identified as urban. Geographic location also varied.
Dietary outcome measures were either predictors of
and/or reported FV intake. Studies assessing predic-
tors of intake included measures of nutrition/dietary
knowledge,?° 33 willingness to taste FV,28293334 aqtj-
tudes toward FV,>!33:3% and preference for or choosing
FV for meals or snacks.?”-282931733.36 A]] indicated
statistically significant improvements in FV intake pre-
dictors. Seven studies measured self-reported FV con-
sumption, but with nuanced interpretation due to the
different tools. FV consumption results were mixed:
2 studies showed no change,>*>> whereas 3 showed
an increase?®3%37 in FV consumption. The remain-
ing studies focused only on vegetable consumption: 1
showed an increase in vegetable varieties consumed
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>1 time per month,?° and the other showed garden-
ers more likely than nongardeners, including NE-only
students, to choose and consume vegetables in the
school lunchroom.>?

Four studies, described in 5 papers, investigated
academic outcomes in schools with garden-based
interventions (Table 2). Two studies included third to
fifth graders,?®3° 2 included first to sixth graders,*%4!
and the other included only fifth graders.*? Cohort
sizes were 3769, 1197 (a subset of the larger cohort),
647, 196, and 119 students. Each employed an expe-
riential school gardening curriculum as part of the
intervention, which supplemented traditional class-
room lessons. Intervention durations ranged from
a l4-week gardening curriculum for 2hours, once
per week, to those implemented across 2 academic
years. Three studies utilized level 1 of the same youth
gardening curriculum developed by the Texas Agri-
cultural Extension Service, designed to educate third
to fifth graders about environmental science, health,
horticulture, and nutrition.**"4> Academic outcomes
were measured by science, math, and in one case
reading achievement test scores. Science achieve-
ment was assessed using a science achievement test
based on the Junior Master Gardener curriculum;>%42
math achievement was measured using the Texas
statewide standardized test** or the Florida Compre-
hensive Achievement Test (FCAT).*"#¢ The FCAT also
assessed reading achievement.*'4® Two studies*842
found significantly higher science achievement scores
among gardeners compared with nongardeners, and
the third*® found no difference. When stratified by
grade, fourth-grade gardeners showed increased sci-
ence scores, but fifth-grade nongardeners had higher
science scores, resulting in no overall difference.?® The
fourth study showed significant improvements in math
test scores.t’

DISCUSSION

This article is unique in that it examined school-
based garden interventions that have the potential to
influence both academic and health-related student
outcome measures. Sixteen school garden interven-
tion studies measured academic outcomes and/or FV
consumption in children. Results indicated that these
school-based garden interventions improved or main-
tained both FV consumption or mediators thereof and
academic performance. Specifically, garden programs
improved FV intake in 71% of studies measuring that
outcome, and improved or showed no difference in
academic performance in all 5 studies comparing gar-
dening to nongardening students. Moreover, academic
test scores improved or showed no change, regardless
of the academic area assessed. However, this is a small
collection of studies, and as such these findings should
be considered preliminary.
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Table 1. Interventions Involving School Gardens With Dietary Outcome Measures

Outcomes: Measured
Fruit and Vegetable

Outcomes: Fruit and
Vegetable Intake

Study Participants Design, Intervention Predictors Intake
Morris and Sample size: N= 3 schoolsin 1 Design: quasi-experimental; -Nutrition knowledge scores Not measured
Zidenberg- district; 3 classrooms per nonrandom group assignment significantly higher at the
Cherr™® school; number of students  Intervention A: NE+ G, 9 nutrition treatment schools than at the
not reported lessons, each including gardening control school
Age/grade: fourth grade component -Results retained at 6-month
Demographics: schools Intervention B: NE follow-up
matched on student Control: no NE or garden
demographic profiles Measures: pre/post nutrition
84% African American knowledge questionnaire, vegetable
3% Asian American preference survey
17.2% Hispanic
66.5% White
25% FRPL
Morris et al** Sample size: N= 2 schools (1 Design: pilot study to assess feasibility  -Increased willingness to taste Not measured
intervention, 1 control); 3 of garden-based education and vegetables grown in the gardens
classrooms per school evaluation
Age/grade: first grade Intervention: NE+ G; growing
Demographics: schools vegetables outdoors
matched for ethnicity and Control: no garden
geographic location Measures: pre/post one-on-one student
ethnicity: not reported interviews to assess knowledge of,
9%FRPL: not reported attitudes toward food
Nolan et al*! Sample size: N=4 schools; 141 Design: quasi-experimental (no -Nutrition knowledge increased, -Snack choices improved from
students in 9 classrooms control), to evaluate program impact pre- to post-test; impacted also pre- to post-test
Age/grade: second to fifth of health education through by grade
grades gardening on children’s knowledge  -FV preference increased from pre-
Demographics: about nutrition and attitudes toward ~ to post-test
47% male fruit and vegetables.
84.4% Hispanic Intervention: Junior Master Gardener
3.5% African American nutrition curriculum+ school
9.2% White gardens
9.2% Other Measures: pre/post (1) nutrition
9%FRPL: not reported knowledge: 13-question multiple
42.4% of choice questionnaire; (2) preference
households < poverty line for fruits and vegetables: modified FV
per US Census Bureau data preference questionnaire, modified;
fourth, fifth graders; (3) snack choices
Cotunga et al”/ Sample size: N= 3 schoolsin 1 Design: quasi-experimental, -Percent of students choosing a Not measured

district; 359 students

Age/grade:

-Control: school A, fourth/fifth
grades

-Intervention: school B, fourth
grade; first time in programy;
school G, all students, second
time in program

Demographics:

-School A (control): 73% White

-School B: 41% White

-School C: 37% White

~All schools: 34-38% FRPL

nonrandom group assignment;
cross-sectional, and
longitudinal-by-design: analysis of
new, first, second time exposures to
compare school lunch vegetable
selection with/without gardening
and garden produce

Intervention: garden education:
classroom lessons, school vegetable
garden visits to plant, tend, harvest;
in-garden taste opportunities for
vegetable tended and harvested;
school B: first program exposure,
school C: second program exposure

Control (school A): no garden

Measures: time-of-purchase lunch
observations, 3 separate days: 1day
offered three fourth cup romaine
salad from school garden, 2 days
normal-vendor salads; test of
proportions: choosing a salad

salad with garden-grown
romaine:

-Control: no change

-School B: 11%increase, day
1t03

-School C: 39% increase, day
1t03
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Table 1. Continued

Outcomes: Fruit and
Vegetable Intake

Outcomes: Measured
Fruit and Vegetable

Study Participants Design, Intervention Predictors Intake
Lineberger and Sample size: N= 5 elementary Design: quasi-experimental: -Attitudes toward vegetable -FV consumption did not
Zajicek® schools; 111 students volunteer participation of improved post-program; also improve as a result of
Age/grade: third/fifth grades classrooms by teachers toward FV snacks. Especially gardening
Demographics: Intervention: Nutrition in the among females and younger  -Very low FV intake at pre-test,
ethnicity: not reported Garden activity guide; 10 students maintained at post-test:
9%FRPL: not reported units combining horticulture - -No change in attitudes toward estimated 2.0 servings/day
and nutrition; detailed fruit
background information for
teachers. 34 total activities in
10 units, each ~20 minutes
Control: none
Measures: pre/post attitudes to
FV, FV questionnaire; FV
behaviors, 24-hour recall
journals
Meinen et al”® Sample size: N= 28 sites; 1796 Design: quasi-experimental, Increased at post relative to pre:  Increased FV consumption as
unmatched pre/post surveys prospective evaluation: -trying new fruit measured by parent (not
from N =801 students, 995 volunteer intervention -choosing fruit instead of student) report
parents classrooms, with chips/candy
Age/grade: parent surveys of volunteer-identified -choosing vegetables instead of
second or younger graders; comparison site/classroom chips/candy
student respondents for thirdto  Intervention: Got dirt? -trying new vegetables grown
seventh graders Gardening curriculun; in the garden
Demographics: average 4 months
“mostly White” Control: no garden curriculum
219% urban, 45% “urban cluster,” Measures: pre/post surveys:
34% rural (per NHANES predictors of and
designation) consumption of FV (students,
21%to >70% FRPL: or parents for second-grade
7 sites, 51+ % students/younger); teachers
8 sites, 41-50% reported type of garden
13 sites, 21-40% established, number of
students participating, and
start/end dates of garden
project
Morgan et al®® Sample size: N= 2 schools; 127 Design: quasi-experimental: -NE+ Gand NE-only students,  -No change in fruit or vegetable
students nonrandom group relative to controls, showed intake
Age/grade: fifth to sixth grades assignment higher overall willingness to
Demographics: Intervention: 10-weeks; group taste vegetables, overall
54% boys A NE-+ G group B, NE only vegetable taste ratings
Ethnicity: not reported Control: no NE, no garden -NE+ G group better able to
9%FRPL: not reported Measures: pre/post FV identify vegetables; more
knowledge; vegetable willing to taste capsicum,
preferences (willingness to broccoli, tomato and peg;
taste and taste ratings); FV higher preference to eat
consumption (24 hour recall) broccoli and pea as a snack
Parmer et al*? Sample size: N=6 classrooms; 115 Design: quasi-experimental, -NE 4 G, NE-only students NE + G group more likely to
students total: 76 intervention nonrandom group showed greater choose and consume
(39 NE+ G, 37 NE-only), 39 assignment improvements in knowledge, vegetables in lunchroom
control Intervention A, NE+ G: T hour taste ratings than control than nutrition education-
Age/grade: second grade; NE+4 G NE every other participants only or control groups at
7.3 years, NE 7.3 years, Control week + 1 hour gardening post-test
74years alternating weeks
Demographics: Intervention B, NE-only: 1 hour
70% male NE every other week
Ethnicity: not reported Control: no NE or gardening
9%FRPL: not reported Measures: pre/post FV
knowledge, preference,
consumption
512 e Journal of School Health e August 2015, Vol. 85, No. 8 e (© 2015, American School Health Association



Table 1. Continued

Outcomes: Measured
Fruit and Vegetable

Outcomes: Fruit and
Vegetable Intake

Study Participants Design, Intervention Predictors Intake
Ratdliffe et al® Sample size: N= 3 schools (2 Design: quasi-experimental Self-administered surveys: GQVFQ
interventions, 1 control); N=236  Intervention: garden-based -Increased ability to identify -Gardeners reported more
students total: 170 intervention; learning sessions integrated vegetables vegetables varieties consumed
150 control into regular science class, -Increased preference for > 1x/month, both for
Age/grade: sixth grade, 11-13 years ~1 hour/week across vegetables vegetables grown and not
Demographics: 4 months, total 13 hours. -Increased willingness to taste grown in school garden
22% African American Each session was vegetables
299% Asian American ~20 minutes instruction -For all, gardeners > controls
9% Filipino American (classroom or garden) + Taste test:
30% Hispanic 40 minutes hands-on -Increased varieties of
3% Pacific Islander in-garden experiences. vegetables tasted,
7% White non-Hispanic/Other Garden activities were gardeners > controls
229% English-Language Learner chosen to maximize -No difference in willingness to

students' exposure to
vegetables and peer and
adult modeling through
cyclical garden activities
(planting, tending,
harvesting, preparing,
consuming)

Control: same health and
science learning objectives,
but no garden program

Measures: pre/post vegetable
knowledge, attitudes, and
behavior through 2
self-administered surveys:
Garden Vegetables
Frequency Questionnaire
(GVFQ); Taste Test

Design: 3-year prospective

taste vegetables between
gardeners, controls

35% overweight, per BMI
64% FRPL

Wang et al® Sample size: N= 327 students Students most exposed tothe  -Most intervention exposure,

Age/grade: fourth to fifth grades,
followed into middle school

study
Intervention: modifications to

intervention showed a
significantly greater increase

increased FV intake ~0.5 cups
-Least intervention exposure,

Demographics: school food and dining; in preference for fruit and decreased FV intake ~0.3 cups
27% White garden and cooking classes; green leafy vegetables,
219 African American lesson integration compared with students
14% Hispanic Control: none least exposed
8% Asian American Measures: knowledge/attitudes

31% mixed/other/unknown (questionnaire); dietary

399 low-income; 24% of behavior (3-day food diary);
fathers/male guardians had high household information
school or less education (parent questionnaire)

-NE + G participants increased FV
servings more than students in

McAleese and Rankin®’ Design: nonequivalent control  Not measured

group: 1 control 4 1

Sample size: N= 3 schools (2
interventions, 1 control); 99

students experimental schools the two other groups
Age/grade: sixth grade, mean randomly assigned; second -Significant increases in vitamin A,

11.1years experimental school vitamin C, and fiber intake.
Demographics: assigned based on garden

Ethnicity “similar” across schools
9%FRPL “similar” across schools

availability

Intervention: 12-week NE
program; 1 with, 1 without
garden activities

Control: no NE or garden

Measures: pre/post 3 x 24-hour
recall worklbooks

NE + G, nutrition education + garden; NE, nutrition education; %FRPL, percent of students eligible for free or reduced-price lunches; FV, fruit(s) and vegetable(s); BMI, body
mass index.
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Table 2. Interventions Involving School Gardens With Measures of Academic Outcomes

Study

Participants

Intervention/Design

Outcomes: Academic

Klemmer et al*®

Pigg et al*®

Smith and Motsenbocker*

Hollar et al*®

Hollar et al*!

Sample size: N= 7 schools; N= 647
students: 453 intervention in 27
classes, 194 control in 13 classes

Age/grade: third to fifth grades

Demographics:

47% male
Ethnicity: not reported
% FRPL: not reported

Sample size: N= 1 school; N= 196
students: 94 interventions, 102
controls

Age/grade: third to fifth grades

Demographics:

Ethnicity: not reported
9% FRPL: not reported

Sample size: N= 3 schools (1
intervention, 1 control classroom per
school); N= 119 students: 62
interventions, 57 controls

Age/grade: fifth grade

Demographics:

Ethnicity: majority African American
9% FRPL: not reported

Sample size: N=5 schools (4
interventions, 1 control), N= 1197
students (this is a subset of total
cohort: those qualifying for FRPL; 974
intervention, 199 controls )

Age/grade: 7.8 years

Demographics:

68% Hispanic
9% Black
15% White
8% Other
100% FRPL

Sample size: N= 5 schools (4
interventions, 1 control); 3769
students (full cohort of study by
Hollar et al** above)

Age/grade: 8 years

Demographics:

50% Hispanic
33% White
8% Black

8% Other
319% FRPL

Design: post-test only, quasi-experimental
Intervention: garden activities integrated into
science curriculum, alongside tradiitional

classroom lessons
Control: tradiitional classroom teaching
Measure: science achieverment test

Design: quasi-experimental, nonrandom group
assignment; convenience sample

Intervention: youth gardening curriculum
taught by classroom teachers + traditional
classroom math, science

Control: traditional classroom math, science; no
gardening

Measures: pre/post Texas Assessment of
Knowledge and Skills math achieverent test

Design: quasi-experimental, nonrandom group
assignment

Intervention: 14-week gardening curriculum
(Junior Master Gardener; 2 hours, 1x /week)

Control: no gardening curriculum

Measure: pre/post 40-question science
achievement test

Design: 2 school years, quasi-experimental,
nonrandom

Intervention:
Nutrition: modifications to school meal and
extended-day snack menus: more high-fiber
items, fewer high-glycemic items, lower total,
saturated, and trans fats
Health curriculum: nutrition and healthy
lifestyle management program for
elementary-aged children and adults, using
materials from USDA Team Nutrition and The
OrganWise Guys; FV gardens
Physical activity: increased school-day
physical activity opportunity:
10-15 minutes/day desk-side physical activity
program, matched with core academic areas;
structured physical activity during recess, for
example, a walking club

Control: comparison school “as usual”

Measures: Florida Comprehensive Achievement
Test (FCAT) reading, math scores

Design: described above

Intervention: described above

Control: described above

Measures: third grade FCAT reading, math
scores

-Intervention students scored
significantly higher science
achievement test scores than control
students

-Effect of grade: intervention most
effective for third- and fifth-grade
boys, fifth-grade girls

-Gardening students: no improvement
in math scores; no significant
difference in science sores from
nongardening

-Fourth-grade gardening students
higher science scores than
nongardening

-Fifth-grade controls, higher math,
science scores

-Intervention students’ scores higher at
post-test, versus no difference in
control students

-Significant improvement in FCAT math
scores, +-22.3 intervention versus
—3.0 control (p=.001)

-Trend for improvement in FCAT
reading scores, +5.7 intervention
versus — 1.2 control (p=08)

-Statistically significant improvements
in academic test scores, especially
among low-income Hispanic and
White children, observed in
intervention versus control
participants

FCAT, Florida Comprehensive Achievement Test; %FRPL, percent of students eligible for free or reduced-price lunches; USDA, United States Department of Agriculture; FV,

fruit(s) and vegetable(s).
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Figure 1. An lllustration of Perceived Connections Between Health and Academic Success and Their Mediators
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Previous reviews focused on garden interventions
linked to academic outcomes but were not limited
to peer-reviewed literature as is this article.4>484%
Herein, 4 gardening interventions indicated that such
programs support academic performance, with the
most evidence demonstrated for science test scores;
math and language arts scores improved to lesser
degrees. Gardening program impacts with respect to
children’s FV intake also demonstrated positive effects.
Moreover, teachers were generally found to report that
gardens were a valuable teaching tool. Garden program
studies also indicated an indirect, positive effect
on children’s social development. Overall, however,
garden program studies lacked scientific rigor, and the
inclusion criteria for this article yielded only a small
set of studies. It is promising that the various studies
were not discordant, but the small number of studies
tempers the strength of this article.

A schematic to illustrate possible connections
between academic and dietary inputs and outcomes
is presented in Figure 1. Mechanisms for school
nutrition interventions’ effects on academic perfor-
mance continue to be unclear. Healthier school meals
may offer a long-term effect of improved nutrient
intake and nutritional status, with positive effects on
cognition; however, socioeconomic indicators also pre-
dict academic performance in addition to nutritional
status.''!> We suggest, as have others, that academic
outcomes may improve due to increased attendance
and, consequently, increased instructional time.**4> It
is possible that measures of pro-academic behaviors

may better indicate students’ potential for academic
success: time on task, classroom behavior, creativity,
and attitudes toward learning.’

Mechanisms to explain why gardening interven-
tions specifically improve academic outcomes in
students are similarly speculative. School garden
programs broadly aim to improve children’s dietary
choices through improved knowledge of and attitudes
toward FV; this is generally conceptualized using
social cognitive theory.?> However, this does not
relate directly to academic outcomes. It is clear
from protein-energy malnutrition-related literature
that improving students’ nutritional status improves
academic outcomes,!>*>°0 but this effect is less
apparent in students who are provided with adequate
protein and energy.’ School gardens may improve
students’ attitudes toward school itself—a byproduct
of experiential education, rather than a primary
objective of the program itself, because enhanced
school engagement leads to improved academic
outcomes. Gardens also may help students develop
observational skills, and simultaneously provide an
opportunity for students to integrate interdisciplinary
content in the context of a living laboratory. Indeed,
experiential learning opportunities like school gardens
have been shown to increase student engagement.
Christenson et al’! define experiential learning as
activities that enhance student learning through active
participation. This type of learning has been shown to
motivate students to dedicate time and energy to their
learning, leading to more engaged students.>!
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While the degree of change in each of these stud-
ies is not large, it may help close the achievement
gap between low- and adequate-income families.*0*#!
Much like substantial dietary change is difficult to
achieve, substantial academic achievement improve-
ment is probably difficult to achieve without sus-
tained changes to the learning environment. Although
extensive attention has been given to improving
academic performance by preventing protein-energy
malnutrition,”!!"1* excess nutrition and the resul-
tant obesity also influence academic performance.
As described above, the documented connections
between obesity and academic performance indicate
that healthier children are also better learners.*™8
Nutrition education, meal offerings, and school gar-
dens are also aimed at obesity prevention through
improved diet quality as a result of increased knowl-
edge, improved food options in the school setting, and
improved choices throughout an individual’s lifetime.

This article has limitations. Interventions were
methodologically diverse. These garden interventions,
like in earlier reviews, commonly identified incom-
plete methodological descriptions, use of a conve-
nience sample, often a lack of a control group, and
small cohorts.*® These shortcomings limit between-
study comparisons and definitive conclusions. As men-
tioned above, a major limitation is the small number
of studies that met inclusion criteria. Indeed, previ-
ous reviews of both academic and nutritional/dietary
outcomes cautioned against overly zealous affirma-
tions of such interventions because the literature is
scarce, albeit growing, particularly with regard to gar-
den programs. Further work is needed using strong
experimental designs with control groups, longitudinal
analyses, and nonconvenience-sample cohorts.

Furthermore, few nutrition and garden interven-
tions have measured academic performance. Among
those that have, outcomes are difficult to compare
due to diverse measurement tools. The recent national
creation of the Common Core Standards may bet-
ter facilitate academic outcomes assessment along-
side health-oriented school programs. Legislators and
school administrators are accustomed to utilizing stan-
dardized test scores and school grades for outcome
comparisons, and the new standards may permit
improved across-site academic outcome comparabil-
ity. In addition, the Healthy, Hunger-Free Kids Act of
2010 legislated extensive changes in the NSLP and SBP
nutrition aims,*? and identified important evaluative
outcome include children’s improved health concur-
rent with the ongoing aims of improved academic
performance.

No studies addressed instructional quality due to
their limited scope, but it could be considered in this
newer context. Aspects of academic performance such
as time on task and classroom behavior, although
vital to the school and learning environment, require
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much more time on the part of the investigator
and/or teacher to quantify and qualify. These are
important aspects to measure in future studies. Finally,
cohort age ranges are limited, with most focusing on
elementary students, suggesting a need for studies
involving middle and high school students.

IMPLICATIONS FOR SCHOOL HEALTH

A review of 16 longitudinal school garden inter-
vention studies show potential for school-based inter-
ventions to improve student academic performance,
attendance, as well as mediators of FV intake, although
the effects are small and most studies are quasi-
experimental in nature. Schools may want to consider
school gardens as a hands-on instructional tool to
enhance science learning and to potentially improve
long-term FV consumption. However, few studies
met inclusion criteria, limiting the strength of these
findings. More research is needed with a focus on
comprehensive school garden interventions, including
those involving school meal modifications, NE, and
expanded opportunities for integrating school gardens
into curricular instruction. Balancing scientific rigor
with minimal disruption in the school day is a chal-
lenge, but one worth undertaking in order to ensure
that educational systems/settings promote intellectual
and physical health and development for all children.
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