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ABSTRACT
The purpose of this project was to develop a garden-enhanced nutrition education curriculum and
relevant assessment tools that could be used for formal evaluation. The Social Cognitive Theory
(SCT) provided the foundation for the objectives, activities, and evaluation. The curriculum was
developed for upper-elementary schoolchildren and included nine key nutrition topics. Master
gardeners linked each of the nutrition lessons to appropriate gardening activities, which provided
students with the opportunity to plant and harvest their own vegetables. Each lesson was field
tested in several classrooms until the content and delivery of the material was appropriate. The
final lessons consisted of a nutrition lesson, a gardening activity, a family newsletter, and other
useful information for teachers.
Assessment tools used in the formal evaluation of the curriculum included a nutrition knowledge
questionnaire and a vegetable preference survey. The preference survey asked students to taste
six different vegetables, rate their preferences, and answer four questions related to their
knowledge of and behavior toward the vegetables. Nutrition and gardening professionals
reviewed the lessons and assessment tools for accuracy prior to the formal evaluation.
Three schools participated in the formal evaluation of the curriculum. One school served as a
control site and did not receive any nutrition lessons or gardening activities (CO), a second
school received only the nutrition lessons and did not participate in any gardening activities
(NL), and a third school received both the nutrition lessons and gardening activities (NG).
Evaluation took place before the intervention (pre-test), after the intervention (post-test), and six
months later (follow-up). This report focuses on selected knowledge and behavior results from
the vegetable preference survey. The NG site results demonstrated improvements in knowledge
and behavior at post-test and at follow-up.
The garden-enhanced nutrition curriculum described herein is an effective means of teaching
nutrition education to elementary schoolchildren. The incorporation of gardening activities
further enhanced its effectiveness. The lessons have been linked to applicable California State
Content Standards to assist teachers in developing lesson plans to teach core subjects. This
program also provides an excellent opportunity for foodservice staff and teachers to work
together. Extra fruits and vegetables from the garden can be offered at the school cafeteria. This
may lower foodservice costs, as well as provide students with opportunities to try new fruits and
vegetables.
INTRODUCTION
Extensive epidemiological evidence suggests that a diet high in fruits and vegetables provides a
protective effect against cardiovascular disease and some types of cancer (Block, 1982;

Joshipura et al., 1999; NRC, 1989; Steinmetz & Potter, 1991). As a result, current national health
guidelines recommend that individuals who are age 2 or older consume a minimum of five
servings of fruits and vegetables each day (National Research Council, 1989; U.S. Department of
Agriculture, 1992, 2000).
Over the past decade, the dietary habits of children ages 2-18 have become the focal point of
extensive research efforts, primarily because the food intake of children is not consistent with
national recommendations. On average, children consume 2.5-3.5 servings of fruits and
vegetables each day (Basch et al., 1994; Dennison et al., 1998; Krebs-Smith et al., 1996; Muñoz
et al., 1997; Reynolds et al., 1999). Most of these servings come from either fruit juices or fried
potato products. This suggests that children should increase the total amount and variety of fruits
and vegetables consumed on a regular basis. In addition, there is evidence that younger children
may be more responsive to dietary messages than older children (Birch, 1980). Lastly, research
suggests that dietary patterns may be established in childhood and persist into adulthood (Kelder
et al., 1994; Krebs-Smith et al., 1995). Thus, educators are looking for effective ways to teach
children how and why to increase their consumption of a variety of fruits and vegetables.
The classroom provides an optimal setting to reach and have an impact on children with such a
message. Most U.S. children attend school regularly, and many consume at least one meal
prepared at the school each day (Kennedy & Goldberg, 1995). A review of school-based
nutrition education programs concluded that those programs modeled after a theoretical
framework were more effective at influencing health-related behaviors (Contento et al., 1995).
For school-age children, programs based on the Social Cognitive Theory (SCT) appeared to be
the most effective (Lytle & Achterberg, 1995). The SCT is comprised of three interrelated
factors: the individual, the environment, and the behavior (Bandura, 1986). This particular
theoretical framework is beneficial when working with a younger audience because it recognizes
the impact of the environment on a student's ability to learn new behaviors.
Several nutrition education programs have made it evident that it is possible to alter children's
behaviors (Domel et al., 1993b; Luepker et al., 1996; Perry et al., 1985, 1988; Resnicow et al.,
1992). However, despite progress made in the field of nutrition education, it still is difficult to
positively influence children's dietary habits long-term (Morris et al., 2000). An important
concept that often is lacking in nutrition education programs is the relationship between nutrition
and agriculture. Moreover, while agriculture-based curricula are available in abundance, they
have not focused on nutrition information and dietary behaviors. At the time of this study, no
well-tested curriculum existed that adequately linked nutrition lessons in the classroom to
vegetables growing in the garden at the school.
The objective of this project was to develop an innovative approach to nutrition education that
could produce long-lasting beneficial effects. It was critical that the program would lend itself to
appropriate evaluation methodologies. The goal of the curriculum was to teach upper-elementary
schoolchildren healthy lifestyle habits through a nutrition education program enhanced with
supplemental gardening activities. The stages of development, pilot-testing, and formal
evaluation are described and will provide the information necessary for future development and
evaluation of school-based nutrition and gardening education programs.

METHODOLOGY
The curriculum and assessment tools were tested in classrooms that reflected the demographics
of children in the state. During the 1997-98 school year, the ethnic breakdown of schoolchildren
in California was as follows: 8.8% African-American (not Hispanic), 8.1% Asian, 40.5%
Hispanic or Latino, and 38.8% White (not Hispanic) (CDE, 2000). The schools selected to
participate in this project met the following criteria: had students with demographics similar to
those of the schoolchildren across the state; resided within a 75-mile radius of the University of
California, Davis; and had garden sites readily available for use by teachers.
Evaluation of the literature demonstrated that while several California academic content
standards could be met through the use of lessons planned for this curriculum, the 4th-grade
standards were the most compatible with the program. Thus, 4th-grade classrooms were chosen
as the study population.
Program Development
1. Curriculum: The development of this curriculum began with an extensive review of
existing nutrition and garden education materials. Materials were reviewed for content
and effectiveness. No existing curriculum adequately linked the two topics together
within individual sequential lessons. The goal of the new curriculum was to teach
students about nutrition by directly linking the lessons to vegetables growing at their
school.
Local master gardeners, affiliated with the University of California Cooperative
Extension, reviewed the lessons and suggested appropriate complementary gardening
activities for each nutrition lesson. The respective activities included: indoor seedplanting, worm bottles, outdoor seed-planting, weed identification, bug boxes, water and
fertilizer garden, seed dispersal, butterflies, and crop harvest. These activities were
designed to teach the students about a variety of topics related to their vegetable gardens,
such as the benefits of worms for fertilization, while exposing them to the hands-on
experiences of working in their own garden. These activities exposed students to the
entire growing cycle of several fruits and vegetables during the course of the nutrition
education program. All nutrition lessons and garden activities were developed around the
SCT, in that objectives were set to influence personal, behavioral, and environmental
factors believed to positively alter students' dietary behaviors.
2. Pilot-Testing of the Curriculum: Of the schools contacted, three were chosen to
participate in the pilot-testing of the curriculum. Crops were planted in January in
Northern California and harvested that spring. Most of the crops considered for the
project took about four to five months to harvest in this region. As a result, the lessons
were taught every other week for a total of 17 weeks. A newsletter was developed and
sent home to the students' families to reinforce concepts taught in class and provoke
family discussions on the weeks between the lessons. For this project, the primary
investigator delivered all nutrition lessons and a master gardener led all gardening
activities. This was done to reduce the potential confounding factor of variation between
educators.

The initial draft of each nutrition lesson, including handouts, was taught in a 4th-grade
classroom at a school site not included in the formal evaluation of the curriculum. The
presentation of the lesson was tape-recorded to ensure that teacher and student comments
were accurately noted. The goal was to determine content clarity and implementation
feasibility. Following the initial presentation, the tape was reviewed to evaluate recorded
comments. The lesson plan and handouts were revised accordingly.
The revised lesson was then taught to a new group of students following a similar
protocol. Feedback from the teacher and students was again used to revise the lesson.
This process continued in different classrooms until the researchers had responded
adequately to all comments and no additional revisions were necessary. Lessons were
taught between two and six times in different classrooms before a final version was
formatted for the curriculum. Nutrition and gardening professionals reviewed final
nutrition lessons and gardening activities for accuracy.
Master gardeners previously had pilot-tested all gardening activities included in the final
curriculum so they were not revised during the field-testing. However, the order in which
the hands-on garden activities were taught did change following their initial delivery with
the nutrition lessons.
We included nine nutrition lessons in the final curriculum. It was believed that the
selected topics would provide students with the basic tools needed to improve their
nutrition knowledge and dietary behaviors. The final nutrition lessons chosen were plant
parts, nutrient classes, the Food Guide Pyramid, serving sizes, the food label, physical
activity, goal setting, consumerism, and healthy snack making.
3. Assessment Tools: The assessment tools were pilot-tested in three different schools. The
tools included a multiple-choice nutrition knowledge questionnaire and a hands-on
vegetable preference survey.
o Nutrition Knowledge Questionnaire: A questionnaire was developed to
evaluate the curriculum's effectiveness at improving students' nutrition
knowledge. The questions were based on the learning objectives for each lesson.
Several multiple-choice questions were written for each lesson and distributed to
students during the respective pilot-testing. The goal was to determine whether
the questions were grade-level appropriate and if the lessons met the learning
objectives. Student responses to these questions were used to modify the content
of the lessons, as well as the wording of questions. The final 30 questions were
multiple-choice, with four possible responses. Due to the students' varied reading
level and comprehension skills, the final questionnaire was read aloud to the
class.
The knowledge questionnaire was evaluated for validity and reliability. Several
nutrition professionals evaluated the content validity of the knowledge
questionnaire, and only minor changes were necessary. Reliability of the
questionnaire was determined among a group of students who had not been
exposed to the lessons and were similar demographically to those included in the

formal evaluation (n=73). Students completed the nutrition knowledge
questionnaire at two different times, one week apart. The protocol stayed
consistent between the two tests, only the order of the questions changed. The
reliability coefficient of the questionnaire was 0.81. Thus, the knowledge
questionnaire was a valid and reliable assessment tool for determining change in
nutrition knowledge.
o Food Preference Survey: While no single behavior predicts actual food intake
precisely, food preferences appear to be one of the strongest predictors (Birch,
1979; Domel et al., 1996; Harvey-Berino et al., 1997). As a result, food
preferences served as the basis for the assessment of dietary behavior in this
study. The methodology used to evaluate the students' vegetable preferences was
modeled after previous studies (Birch, 1979; Domel et al., 1993a; Morris et al.,
2001). Each student was presented with a tray of six vegetables: carrots, broccoli,
spinach, snow peas, zucchini, and jicama. The researchers deliberately included
several vegetables that were either unfamiliar to or typically disliked by most
young children.
All of the vegetables were served raw and plain to ensure that the students'
preferences were reflective of the vegetable itself and not the cooking process or
dip served with it. Whole vegetables were presented to each student on a tray
along with a bite-size piece in a 2-oz. cup for tasting (Figure 1). Each student was
provided with a fresh set of tasting samples, a cup of water, and a napkin. The
protocol was explained to the class in detail, after which groups of three to four
students left the room to complete the survey. However, within these groups,
students completed this survey independently to avoid the influence of peer
pressure.
All students answered six questions for each vegetable. The first question asked
the student to write the vegetable's name. There were no penalties for spelling
errors or for guessing. The second question asked whether or not the student
would like to taste the vegetable, with responses being either "Yes" or "No." No
student was forced to taste-test anything. However, if a student did chose to taste
a vegetable, he/she was asked to rate his/her preference of the vegetable on a 5point scale (5=I really liked it a lot, to 1=I really did not like it). Students
choosing not to taste the vegetable were asked to leave the preference question
blank for that vegetable. Regardless of whether or not they tasted the vegetable,
all students were asked to answer three remaining questions: "Do you eat this
food at home?" "Would you ask your family to buy this food?" and "Would you
eat this food as a snack?" For each question, students could respond with "Yes,"
"No," or "I don't know." The students responded to questions in the order in
which the vegetables were presented. Investigators were present at all times to
provide assistance when needed and to check finished surveys for completeness.
The preference survey methodology was pilot-tested with the same group of 4thgrade students that pilot-tested the knowledge questionnaire. Fourth-graders were
capable of completing this preference survey independently following a detailed

discussion of the procedures. After reviewing student questions and comments,
only minor changes were made to the survey prior to using it in the formal
evaluation. Nutrition professionals evaluated the content validity of the final
survey.

RESULTS AND DISCUSSION
Once all materials were finalized, the researchers began the formal evaluation of the curriculum.
The curriculum was formally evaluated in 4th-grade classrooms at three schools: a control site
receiving no formal nutrition or gardening lessons (CO), one intervention site receiving only the
in-class nutrition lessons (NL), and a second intervention site receiving all the nutrition lessons
and gardening activities (NG). All students (n=215) completed a nutrition knowledge

questionnaire and a vegetable preference survey before the intervention (pre-test), after the
intervention (post-test), and six months later (follow-up).
Results showed that students at the NL and NG sites improved their nutrition knowledge scores
following intervention. Students at the NG site showed improvements in their preferences for
over half of the vegetables. Most improvements at the NG site were retained at the 6-month
follow-up. Results are described in greater detail in a related publication (Morris & ZidenbergCherr, 2002).
Additional results are shown in Table 1. To control for differences observed for pretest scores
among the school sites, data were analyzed using analysis of covariance with the posttest (or
follow-up) score as the dependent variable, the treatment group as the fixed factor, and the
pretest score as the covariate. The Bonferroni test was used for follow-up comparisons of the
main effects of treatment group. The preference questionnaire was analyzed using ranked data,
and each vegetable was analyzed separately. Preference scores were ranked on a scale of 1 to 5.
All data were analyzed using a statistical program (SPSS, Version 10.0.5). Any differences
between schools with regard to the pretest variables were controlled using the analysis of
covariance statistical model. When using this statistical test, post-test and follow-up scores are
adjusted for pre-test values. Thus, the "adjusted post-test" and "adjusted follow-up" scores are
what actually get analyzed.

Students at the NG site scored significantly higher than students at the CO site on the ability to
correctly name the vegetables (F=9.795, p<0.0005), consumption of the food at home (F=4.165,
p<0.05), willingness to ask a family member to buy the food (F=7.181, p<0.005), and
willingness to eat the food as a snack (F=5.239, p<0.01). Only the NG students' willingness to
eat the food as a snack remained significantly greater than the CO students at the 6-month
follow-up (F=6.152, p<0.005). These results show that the gardening activities had a significant
impact on the students' attitudes and behaviors toward the vegetables.
We chose 4th-grade students as the study population for several reasons. First, the goal was to
develop a curriculum for educators of all elementary grades. By developing a curriculum for
upper-elementary schoolchildren, enough content could be included to provide a challenging
environment, while teachers of lower-elementary schoolchildren could take the concepts and
modify the activities for their younger students. Second, by the time students enter grade 4, they
are more familiar than younger students with standardized testing and are better able to complete
simple forms of evaluation independently. Third, disordered eating patterns start early in
childhood, and prevention programs are needed as early as 5th grade (Smolak et al., 1998). By
incorporating an effective nutrition education program into the school curriculum, educators
could teach children about moderation and variety, thereby potentially preventing some
disordered eating patterns from surfacing. Finally, it was essential that the use of the curriculum
could help educators meet the California academic content standards; 4th-grade standards are
most compatible with this curriculum.
CONCLUSIONS AND APPLICATIONS
Environmental-based learning describes educational materials that use the environment to teach
core subject areas like math, language arts, science, and history (Lieberman & Hoody, 1998). In
the context of this education program, the "Nutrition to Grow On" curriculum is a type of
environmental based-learning, as it provides opportunities to improve students' knowledge and
skills related to healthy eating while simultaneously enhancing their awareness of the
environment. Given the knowledge that test scores across several core academic subjects can be
increased with an environmental approach to learning (Lieberman & Hoody, 1998), it is
reasonable to suggest that "Nutrition to Grow On" may be a new resource by which educators
and school foodservice professionals can improve children's knowledge of not only nutrition, but
of other core academic subject areas.
It should be stressed that this curriculum was designed with content standards for the core
subject areas taught at the elementary school in mind. Thus, the researchers used the garden as
the "environment" to teach the core subjects. This is essential given the limited time that teachers
have with their students and the recent emphasis on a standard-based educational framework.
Teachers need to have new ways to teach the same subjects, as opposed to entirely new subjects
to teach. Curriculum specialists at the California Department of Education reviewed all
references to standards in this curriculum.
Another benefit of using a garden-enhanced nutrition education curriculum is the increased
availability and accessibility of fresh fruits and vegetables. Many children claim they do not like
some vegetables simply because they have never seen or tasted them (Domel et al., 1996). The

first step in solving this is to make the vegetable available to the children. One of the reasons
children do not eat the vegetables available for them is because they feel that too much
preparation is required prior to eating (Domel et al., 1996). Planting vegetables in a garden that
children can walk by, harvest, and eat from improves their accessibility to those vegetables. In
addition, if enough is produced, foods can be served as part of the school lunch for the whole
school to enjoy. This also has the potential to lower foodservice costs. Some school-garden
programs even use their garden produce to help support school fundraising activities or local
community service events.
Gardens also provide students with hands-on experience throughout growing, harvesting, and
preparing common and uncommon foods. This allows students to gain complete ownership in the
process of selecting the foods they eat. Children are more likely to taste vegetables that they
grow themselves versus vegetables presented to them (Morris et al., 2001). In addition, gardens
provide a wonderful opportunity for foodservice staff, parents, and community members to
become involved with the project. Foodservice staff can work with teachers ahead of time as the
garden is being planned and crops are being chosen to menu options once crops are harvested.
In conclusion, this garden-enhanced nutrition education curriculum is an effective tool for
improving the nutrition knowledge and vegetable preferences of elementary schoolchildren. It
was exciting to find that not only were children's nutrition knowledge and preferences improved
following the delivery of the "Nutrition to Grow On" curriculum, but children's attitudes toward
vegetables at home also were positively enhanced. After participating in the program, children
were more likely to consume vegetables at home, more willing to ask a family member to
purchase vegetables, and more willing to include vegetables as a snack.
The "Nutrition to Grow On" curriculum currently is being distributed by the California
Department of Education and recently received the Award of Excellence from the National
School Public Relations Association. Educators nationwide are using "Nutrition to Grow On" to
teach nutrition and agriculture to students while simultaneously meeting their state's academic
content standards.
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