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Abstract
The Healthy Children Arizona (HCA) program was developed to promote early, positive exposure
to cancer-preventive diet, physical activity and sun safety behaviors. Five lessons delivered weekly were evaluated by classroom teachers while pre- and post-curriculum surveys examined increases in students’ understanding of concepts and self-reported behavior. The first and second
graders and their teachers in ethnically diverse elementary schools (including Title 1) in Tucson
and Phoenix, Arizona participated in the curriculum assessment. All 5 interactive lessons were
highly rated by teachers in qualitative assessments. Aggregated analyses of pre- (n = 582) and
post- (n = 588) comparison tests indicated that the HCA curriculum significantly increased students’
knowledge of each of six measured concepts (p < 0.0001), although correct choice of musclebuilding foods (25%), whole grain items (78%) and target time for daily exercise (61%) were
lower than desired. Mean self-reported fruit and vegetable servings eaten in the previous day increased from 3.1 ± 1.8 to 3.8 ± 1.6 (p < 0.0001). The HCA curriculum significantly improved cancer
prevention knowledge among primary school children.
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1. Introduction
In 2005, the University of Arizona College of Agriculture and Life Sciences in partnership with the Cancer
Center set out to develop an interactive program to educate primary age school children about the importance of
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healthful dietary choices, physical activity and sun safety for cancer prevention. This program called Healthy
Children Arizona (HCA), has reached approximately 20,000 students in the metropolitan Tucson and Phoenix
since 2006. The overall goal is to establish healthy cancer preventive behaviors in young children that will become habitual resulting in healthier adult behaviors and potentially lower cancer incidence.
Cancer is an adult disease for which early lifestyle behaviors influence adult disease incidence. This is particularly true for obesity-associated cancers (e.g. breast, colorectal, bladder, and endometrial) [1]. Overweight/obese children are at greater risk of demonstrating excess body weight/body mass index in adulthood and thus have
greater potential for experiencing a cancer diagnosis in adulthood [2]. Further, it is well established that obesity
and obesity-related disease are increasing at a staggering rate among US children [3]-[6], including Arizona
where the increase in obesity incidence led all states between 2003 and 2007 [6]. Importantly, the proportion of
obese children in Arizona is 10% to 16% higher among Hispanics and Native Americans [5]-[7]. The most
compelling of modifiable risk factors for cancer is diet and physical activity [1]. Earlier adoption of healthy behaviors has been suggested to influence decision making related to health behaviors later in life [8] making
young children a prime target for early intervention and education to reduce adult cancer risk.
A critical step in curriculum development is ensuring that the lessons are accessible and relevant to the students and that students demonstrate an increase in understanding following implementation. Using a two-step
evaluation approach, both the teachers and the students provided feedback to determine the effectiveness of the
HCA curriculum.

2. Methods
2.1. Healthy Children Arizona Curriculum
The Healthy Children Arizona curriculum was designed by health educators, dietitians and medical professionals in partnership with the Supplemental Nutrition Assistance Program Educational (SNAP-Ed) faculty at the
University and the Cancer Center. The curriculum includes three dietary lessons (Rainbow on My Plate, Food
Group Detectives, and Healthy Choices), one physical activity lesson (Get Moving) and a sun awareness lesson
(Sun Safety) all of which meet state educational standards. Curriculum includes educational objectives, applicable state standards teaching materials and learning activities for implementation in the classroom. The curriculum is generally delivered as a single 45-minute lesson per week over five consecutive weeks. Delivery is led by
a health educator or dietetics professional trained in curriculum deliverance and with demonstrated experience
teaching the target age group.
The HCA program was developed using Social Cognitive Theory (SCT) and as such takes advantage of the
dynamic connection between environmental factors, personal factors and human behavior that influences health
behavior [9] [10]. Healthy Children Arizona (HCA) learning activities are designed to enhance self-efficacy,
goal setting and the positive outcomes of healthful behavior (outcome expectancies) each of which are central
constructs of SCT [10]. HCA uses these concepts as building blocks, incorporating encouraging role models in
the classroom, step-by-step practice opportunities for success in building skills, and positive reinforcement to
create a “norm” of making healthy choices [9]-[11].

2.2. Participants
First and second grade level elementary students (age five to eight years) and classroom teachers in the Tucson
and Phoenix metropolitan areas participated in this evaluation survey, including economically disadvantaged
schools (Title One schools). The HCA Program built a relationship with schools through the Director of Health
and Wellness or similar leadership role at the district level as well as direct meetings with teachers and principals. Since the 2006 program initiation, approximately 22,000 students in more than 400 classrooms have participated. In classes which were receiving the instruction, the teachers were asked if they were voluntarily willing
to complete the teacher evaluation surveys and have their students complete the picture-based knowledge assessments. This evaluation represents 312 teacher and more than 580 student responses for each of the pre- and
post-learning survey administrations.

2.3. Curriculum Implementation and Evaluation Survey
After an initial orientation meeting during which curriculum materials were shared, district and/or school offi-
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cials reviewed materials with necessary approval personnel before curriculum implementation. Initially a process evaluation was developed to acquire teacher feedback regarding the curriculum, and subsequently a separate brief knowledge survey was developed to assess learning among the young students. Briefly, the student
pictorial survey included questions related to diet, physical activity and sun safety behaviors consistent with
content of the curriculum lessons. The HCA pre- and post-curriculum survey included a brief indicator of
change in fruit and vegetable intake by asking students to circle the number of fruits and vegetables eaten the
previous day. Surveys were administered in the classroom just prior to the first lesson and again at the end of the
last lesson (Figure 1). Each question was orally recited and students were given as much time as needed to provide a response on the survey page. Survey responses were not matched for individuals and class attendance
likely varied between pre and post tests on an individual level; analysis of pre and post-curriculum responses
was determined from aggregate data.
Teachers were given five evaluation surveys to complete; one for each of the five lessons. Each lesson included an evaluation of the strengths and weakness of the HCA program using a 5-point Likert-type scale for
responses ranging from “poor” to “excellent” for quality of content, format/approach and visual aids and separate a scale ranging from “not at all” to “extremely well” for nine other evaluation factors. Teachers also provided an evaluation of effectiveness on a 5-point scale with 1 being “not effective” and 5 being “highly effective”
(Figure 1).
Surveys were designed so that each lesson evaluation survey included a consistent set of questions and scoring scale/indicators. Surveys were administered in all eligible schools and designated classrooms between February and May, 2010. The surveys did not include any personal identifying information and therefore was
deemed as exempt from IRB review at the university. The study population was characterized in terms of grade
and age was provided by the teacher respondents and by the HCA administrators.

2.4. Statistical Analysis
Mean and SD and/or frequency were used to describe teacher evaluation responses, chi-square analyses were
used to examine differences in distribution proportions and student’s t-test was used to determine group differences between pre and post-tests. A p value of 0.05 or less was considered significant. All statistical analysis
was completed using SAS version 9.11 and used aggregate data by time point.

3. Results
The HCA program was evaluated on two levels. A process evaluation of the materials acquired feedback from the
early elementary school teachers and a brief pre-test, post-test assessment determined the change in knowledge
and self-reported fruit and vegetable intake among the children. Table 1 provides a summary of response rates of
the curriculum evaluation from the teachers. Response rates for the 312 teachers contacted varied from 65% to
81% by lesson for the five lessons. The mean responses to ratings of nine attributes indicated that the proportion
of teachers rating the lessons as performing very or extremely well ranged from 77% to 90% across the five curriculum foci.
Table 2 describes the overall evaluation scores. Of importance, the mean response to lesson 1 indicated that the
lesson was poorly linked to previously learned skills. Teachers rating of the lessons in relation to adaption to students’ cultural differences was favorable, although scoring on 2 of the diet lessons, “Rainbow on my plate” and
“Food group detectives” were rated the lowest on adapting to the students’ cultural differences. Teacher rating of
the effectiveness of curriculum student activities showed ratings were high (range: 4.49 to 4.87 on the 5-point
scale). The fruit and vegetable song activity had the most variability in effectiveness rating (range: 2.0 to 5.0;
mean 4.62 + 0.73). All mean ratings were above 4.5 with the mean ratings for four activities above 4.8: 1) sun
cowboy puppet show, 2) activity break, 3) physical Edna puppet show, and 4) five or more rainbow way slogan.
More than 580 first and second grade students completed the survey assessments for both the pre and post curriculum evaluation. For the pre assessment 73.5% were enrolled in 1st grade (n = 432) and 26.5% (n = 156) were
in 2nd grade; for the post-curriculum evaluation, 82.5% (n = 478) were 1st grade students and 17.9% were 2nd
grade students.
As indicated by the summary in Table 3, overall the five lessons HCA curriculum significantly increased understanding of healthy cancer prevention behaviors with the increase in the proportion of students selecting the
1
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Figure 1. Provides examples of the evaluation instruments. The first page of the student survey and the teacher evaluation
form for lesson one is provided above. The teacher evaluations included a common core of elements to evaluate the specific
HCA lesson along with questions that were specific to the activities of the particular lesson.
Table 1. The following table summarizes the Healthy Children Arizona teacher evaluation response rates for each lesson, by
city and overall.
Teacher Evaluation Responses
Tucson

Lesson

Phoenix

Returned

Given

Response
Rate

Overall

Returned

Given
Response

Response
Rate

Returned

Given

Response
Rate

1. Rainbow on my plate

26

41

63.4%

50

54

92.6%

76

95

80.0%

2. Food group detectives

28

37

75.7%

48

57

84.2%

76

94

80.9%

3. Healthy choices

13

39

33.3%

40

43

93.0%

53

82

64.6%

4. Get moving

15

33

45.5%

38

41

92.7%

53

74

71.6%

5. Sun safety

18

30

60.0%

36

39

92.3%

54

69

78.3%

Total of all 5 lessons

100

180

55.6%

212

234

90.6%

312

4147

5.4%

correct response to the knowledge questions ranging from 7% to 41% (p < 0.0001 for all 6 items). In comparison
to first graders, the proportion of second graders correctly selecting the whole grain item, best post-exercise beverage, and length of time to exercise daily was significantly greater on the pre-curriculum survey. In addition, for
the post-curriculum survey a significantly greater proportion of second graders correctly identified the appropriate
length of time to exercise daily in comparison to first graders. Slightly more second graders correctly identified
the sun safe hat in the post-curriculum survey (p = 0.09) compared to first graders. The question requiring students to correctly identify the sun safe hat showed the greatest increase in apparent understanding (41%) with
more than 92% of the students selecting the wide-brimmed hat on the post-test survey. The lowest change in proportion of students selecting the correct response was found in the question inquiring the best post-exercise beve-
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Table 2. Classroom teachers completed evaluation forms providing feedback on specific facets of the Healthy Children
Arizona curriculum. The proportion of teachers rating the program components highly are provided.
Lesson
1. Rainbow on
my plate
n = 76

Component being rated

2. Food group
detectives
n = 76

3. Healthy
choices
n = 53

4. Get
moving
n = 53

% good/very % good/very good/ % good/very good/ % good/very
excellent
excellent
good/excellent
good/excellent

5. Sun
safety
n = 54
% good/very
good/excellent

Quality of content

100%

100%

98.0%

100%

100%

Format/approach

100%

98.7%

98.0%

98.1%

100%

Visual aids

100%

100%

100%

100%

100%

% very well/
extremely well

% very well/
extremely well

% very well/
extremely well

% very well/
extremely well

% very well/
extremely well

Linked to previously learned skillsa

69.1%

86.7%

94.2%

94.1%

91.7%

Reflected lesson objectives

77.3%

82.7%

80.8%

92.3%

92.6%

Promotes healthy behaviors & practices

85.5%

89.3%

94.2%

96.2%

96.3%

Provides for student feedback & guidance

80.0%

82.4%

88.5%

90.2%

92.2%

Applies to students’ own livesa

82.2%

74.7%

86.5%

94.3%

96.3%

Motivates students to learn & practice skills

80.0%

78.1%

84.6%

90.2%

86.8%

Was developmentally appropriatea

81.6%

79.1%

84.3%

96.2%

85.2%

Was useful in assessing student application of
the lessona

70.8%

72.7%

81.2%

87.2%

86.8%

Adapts to student culltural differences

64.8%

54.6%

68.6%

70.0%

75.9%

Averaged responses to 9 of the
lesson attributes

76.8%

77.8%

84.8%

90.1%

89.3%

a

Proportion rating very well/extremely well differed by lesson, p = 0.05 or less.

Table 3. This table summarizes the students’ responses to pre- and post-survey questions assessing understanding of the five
Healthy Children Arizona lessons covering dietary, physical activity and sun safety information.
Pre-test
Survey question

Post-test

Change

All students

1st grade 2nd grade 1st grade 2nd grade 1st grade 2nd grade Pre-test Post-test

Change

Which is a bone-building food?
circle picture of: grapes, carrot, milk,
fruit juice

69.4%

71.8%

83.3%

80.8%

13.9%

9.0%

70.1%

82.8%

+12.7%a

Which food helps your brain
build muscle? circle picture of: egg,
apple, cookie, carrot

11.6%

10.3%

24.3%

26.9%

12.7%

16.6%b

11.2%

24.8%

+13.6%a

Which is a whole grain choice?
circle picture of: whole wheat bread,
white bread

52.1%

69.2%c

79.1%

75.0%

27.0%

5.8%

56.6%

78.4%

+21.8%a

After you exercise, which is best to
drink? circle picture of: sports drink,
fruit juice, soda, water

84.0%

92.3%d

92.9%

94.2%

8.9%

1.9%

86.2%

93.1%

+6.9%a

Which is the best hat to wear on a
sunny day? circle picture of: visor,
cap, wide-brimmed hat

50.5%

52.6%

91.2%

96.2%

40.7%

43.6%

51.0%

92.1%

+41.1%a

How long should you exercise each
day? circle response: 10 minutes,
15 minutes, 60 minutes, 120 minutes

27.8%

41.0%e

58.6%

73.1%f

30.8%

32.1%

31.3%

61.2%

+29.9%a

Mean% correct of all questions

49.2%

56.2%

71.6%

74.4%

22.4%

18.2%

51.1%

72.1%

21.0%a

a
Pre-test to post-test there was a significant increase in the proportion of students answering the question correctly, p < 0.0001. bPre-test to post-test
there was a significant increase in the proportion of students answering the question correctly, p < 0.0004. cProportion of correct responses differed by
grade level, p = 0.0002. dProportion of correct responses differed by grade level, p = 0.01. eProportion of correct responses differed by grade level, p =
0.002. fProportion of correct responses differed by grade level, p = 0.006.
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rage (correct response was water); however more than 86% of the children initially responded correctly to this
question. Although the proportion of students who correctly selected the food item that helps the brain and builds
muscle (egg) significantly increased, less than one-fourth of the children were able to select the appropriate response on the post-curriculum survey.
Figure 2 illustrates the change in the proportion of students reporting intake of zero, one, two, three, four, or
five fruits and vegetables on the day previous to the survey. Initially, the distribution of fruit and vegetables eaten
yesterday were significantly different by grade level (p = 0.04). Following the HCA curriculum, children reporting low servings of fruits and vegetables decreased, and there was a significant increase in the proportion of first,
second, and all students reporting intake of five fruits and vegetables on the previous day (p < 0.0001, p = 0.005,
and p < 0.001 for first, second, and all students, respectively). Table 4 summarizes the increase in mean selfreported fruit and vegetable intake reported by the children. There were no significant differences in mean intakes by grade level either pre or post curriculum, but the mean intake as reported by students of both grades
significantly increased according to the post-curriculum survey.

4. Discussion
In 2010 the American Dietetic Association together with the School Nutrition Association and the Society for

Figure 2. Student reporting of fruit and vegetable intake. Based on the pre-curriculum and
post-curriculum surveys, this figure indicates the change in proportion of children reporting
that yesterday he/she ate zero, one, two, three, four or five fruits and vegetables, by grade
level.
Table 4. This table summarizes the mean number of fruit and vegetable servings eaten yesterday based on student response
to the pre and post surveys.
Servings of fruits and vegetables eaten yesterday
Time point

1st Grade
mean + stddev

2nd Grade
mean + stddev

All Students
mean + stddev

Pre-test

3.01 + 1.88

3.26 + 1.71

3.08 + 1.84

Post-test

3.79 + 1.88

3.88 + 1.52

3.81 + 1.59

p value for significant
increase

p < 0.0001

p = 0.003

p < 0.0001
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Nutrition Education reaffirmed the commitment to provide nutrition education for school children. The position
statement calls for comprehensive, integrated services in schools beginning in kindergarten [12]. Additionally, the
passage and implementation of the Affordable Care Act is focusing attention on the physical and fiscal benefits of
encouraging preventative health behaviors. The Healthy Children Arizona program helps to meet this call by effectively increasing student engagement in and knowledge of preventive health behaviors particularly in relation
to food, physical activity and sun safety. Implementation of the five-lesson curriculum not only significantly increased knowledge of comprehensive healthy behaviors (including time recommended for daily activity and
what constitutes a sun-safe hat), but also resulted in a significant increase in self-reported fruit and vegetable intake. Further, the process evaluation components suggest teachers are highly supportive of the curriculum and
delivery within primary grade level classrooms.
Although a simple assessment instrument was used, examination of the pretest survey responses along with
the teacher evaluation results indicate limited pre-curriculum knowledge about appropriate dietary, activity, or
sun safety behaviors. The students could not correctly identify brain or muscle building foods or how many minutes to spend in physical activity daily. Only half of the students could identify a sun-safe hat and slightly more
could select the whole grain item. Results from the teachers’ initial evaluation likewise reinforces that the information being taught is new to the children and not currently included in the school curriculum. These elements indicate that the HCA curriculum is filling a significant gap in behavioral health curriculum.
Recent estimates suggest that more than 3.5 million skin cancers are treated annually in the United States and
invasive melanoma rates continue to rise, although almost all cutaneous cancer is considered preventable with
appropriate sun safe behaviors [13]-[15]. While Arizona leads the Nation in skin cancer incidence [16], it was
also the first to mandate that skin cancer prevention be included in public school curriculum for kindergarten
through eighth grades [17]. Along with early adoption of sun safe behaviors, a basic foundation in healthful dietary choices and a physically active lifestyle that includes daily moderate and vigorous activity provide the
greatest potential to reduce the adult cancer burden. While the proportion of the American population that is
overweight or obese has reached epidemic levels, the most striking increases and devastating effects may be
among youth [2] [5] [18]. Overweight children are at greater risk of becoming obese as adults. Along with being
at increased risk for several invasive cancer types such as colorectal, breast, and endometrial, overweight/obese
adults are at greater risk for cardiovascular disease and consequently premature death [2] [19].

4.1. Role of School-Based Education
During the school year, almost one-third of a child’s non-sleeping time is spent at school. Schools strengthen
neighborhoods and provide access to a core of information that allows each generation to contribute and further
the community. Healthier children are better prepared and receptive to the learning environment; the inclusion
of strategies to optimize health and facilitate learning is appropriate [8] [11] [20]-[24]. Early experiences, including those in the classroom setting, influence attitudes and acceptability, key issues in behavioral choices
particularly in relation to a child’s willingness to try new experiences. A substantial body of literature attests to
the effectiveness and efficiency of administering school-based programs to intervene for public health concerns
that are amenable to behavior change [8] [11] [20] [21] [23] [24].

4.2. Comparison of Results to Other Programs
Increasing fruit and vegetable intake is one component of HCA and a common aim in several school-based interventions. Wang and colleagues reported a significant one-half serving increase in fruit and vegetable intake
among fourth and fifth graders using a program that included nutrition education, gardening and cooking [25].
The St. Paul, Minnesota “5-a-day Power Plus” program targeted a multiethnic population of fourth grades
among 20 elementary schools [26]. The program used a much different approach than the curriculum-based intervention tested here and included school cafeteria changes, parent sessions and industry support to result in an
increase in lunchtime and daily fruit intake among all children and vegetable intake among girls as assessed by
24-hour recall and lunchtime observational measurements. The high-5 program in Alabama was one of a few
programs developed to increase fruit and vegetable intake for cancer risk reduction consistent with the objectives of the HCA program. Approximately 1700 families were involved in the program. Mean daily fruit and
vegetable intake were significantly increased over baseline among the elementary school children at the end of
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year one and year two [27] [28]. Several reviews and meta-analysis of current evidence suggest that educational
interventions can significantly increase fruit and vegetable intakes among children including those aged six to
twelve years [29]-[31]. Along with fruit and vegetable intake, HCA encourages recognition and consumption of
whole grain foods. A multi-component intervention by Burgess-Champoux and colleagues has previously demonstrated that children can learn to readily identify, and consume whole grain foods, and schools can successfully increase the availability of whole grain items [32].
HCA is not the only program to include both dietary and physical activity aims. IMPACT—Improving Meals
and Physical Activity in Children recruited and trained high school students to deliver a program to improve nutrition and physical activity in fourth graders. The small intervention study lead to a significant improvement of
0.85 fruit and vegetable servings per day among the fourth grader and non-significant improvements in intake
among the high school students [33]. The CATCH Kids Club (CKC) targeted improvements in nutrition and
physical activity by training after-school staff to lead activity and deliver educational curriculum. While the activity sessions were well received, the authors noted that the Austin and El Paso children did not respond well to
the educational curricula delivery in the after-school setting. Additionally, the authors noted routine staff training was necessary and there was high turnover in after-school staffing.
One unique yet important aspect of the HCA program is the inclusion of sun safety curricula in conjunction
with encouraging recommended levels of physical activity and healthful diet choices. The US Environmental
Protection Agency provides schools with the SunWiseTM curricula validated to ensure that the brief instruction
on sun safety can be successfully interwoven across core curricula to significantly improve understanding and
behavior intentions among kindergarten through eighth graders [15] [34].

4.3. Strengths and Limitations
HCA is a comprehensive, behavior-based classroom curriculum designed to improve young children’s understanding of healthful eating, physical activity needs and sun safety. This preliminary evaluation suggests the
program can be effectively delivered, is well received by teachers and results in significant healthy lifestyle behavior change among 1st and 2nd graders. Importantly, the HCA program objectives are based on state requirements and fulfill multiple educational standards for state core curricula. The HCA curriculum also is successful
across a diverse and sizable student population in two distinct metropolitan areas further supporting the ease
with which the curricula can be disseminated. Since the HCA curriculum was delivered by professionals external to the schools, the availability of trained external delivery personnel does increase cost. Due to the student
survey administration timing, no kindergarten children were represented in the assessment population although
this age group is included in the HCA target population. Because the survey did not contain personal identifiers,
matching of pre and post curricula responses for individual students was not possible. Although significant improvement in understanding was realized for each of the six measured concepts, the proportion of student correctly recognizing brain and muscle building foods, selecting the whole grain food item, and choosing the correct amount of time for physical activity daily were less than ideal. Our findings afford an opportunity to improve on the current HC curriculum in order to reinforce these important concepts.

5. Conclusion
The young children exposed to the Healthy Children Arizona curricula demonstrated significant improvement in
understanding of six prevention concepts covering dietary, physical activity and sun safety behaviors. Establishing prevention behaviors early in life may be critical to reversing the current trends of increasing prevalence
of chronic disease, including cancer. With innovative treatments available, most invasive cancers are survivable.
However 40% of all invasive cancers and almost all skin cancers could be prevented through lifestyle choices
leading to substantial reductions in personal disease burden and healthcare costs. The ideal approach to minimizing the burden of cancer is to prevent cancer incidence. The comprehensive Healthy Children Arizona program successfully introduces young children to the important cancer prevention concepts needed to establish
cancer-preventive benefit in later life.
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