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Abstract 
 
 
Objective: To increase fruit and vegetable (F/V) consumption, third grade students participated 
in Body Quest (BQ), a 17-class childhood obesity prevention program. 
Methods: Students (n = 2,477) were randomly assigned to treatment (n = 1,674) and control (n = 
803) groups; half were female and half were Black. Two weeks each of What?s for Lunch (W4L) 
pre- and post-assessments were given to treatment and control groups. F/V tastings were given to 
only treatment group students during pre- and post-assessments. Between pre- and post-
assessments, treatment group students received 17 classes using iPad apps/pencil-and-paper 
activities and weekly F/V tastings. After lunch, students reported foods consumed on a W4L 
form. W4L assessed changes in F/V consumption throughout the program. Growth modeling 
examined patterns of change in F/V consumption.   
Results: There were significant increases in fruit (p<.01) and vegetable (p<.001) consumptions at 
post for treatment group students compared to control group students. When analyzing only 
treatment group students, significant increases in fruit (p<.001) and vegetable (p<.001) 
consumption from pre to post were found. Both F/V consumptions increased up to class 10, and 
then stabilized. Race was found as a predictor of F/V consumption.  Black students in the 
treatment group reported higher F/V servings compared to non-Black students. 
Conclusions: F/V intakes of youth can be increased through childhood obesity prevention 
programs. Long-term programs lasting at least 10 classes are desirable to allow students to adopt 
new F/V habits. 
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Chapter 1 
Introduction 
Consumption of fruits and vegetables (F/V) among youth in the United States is less than 
ideal (Blanchette & Brug, 2005; Dennison, Rockwell, & Baker, 1998; Dietary Guidelines for 
Americans, 2010; Story, Neumark-Sztainer, & French, 2002; Wardle, Carnell, & Cooke, 2005).  
Children as young as two years are not meeting daily recommended servings of F/V (Dennison 
et al., 1998).  This trend persists into adolescence with only 13% of twelfth graders consuming 
two fruits and three vegetables daily (United States Department of Health and Human Services 
[USDHHS], 2009a).  
Several benefits accompany adequate F/V intake.  When consumed, necessary nutrients 
for health are absorbed.  If consumption is inadequate, nutrients such as folate, fiber, magnesium, 
potassium, and vitamins A and C will also be inadequate.  In addition to providing essential 
nutrients, a daily minimum of two and a half cups of F/V for children and adults may help 
protect against cancer, stroke, and heart attack (Centers for Disease Control and Prevention 
[CDC] ?Fruit and Vegetable,? n.d.; Dietary Guidelines for Americans, 2010).   
Additionally, F/V are low in calories and may aid in weight management when eaten in 
place of high-calorie foods (CDC ?Fruit & Vegetable?; Dietary Guidelines for Americans, 2010). 
People in states with high F/V intakes are less obese than those in states with low F/V intakes 
(Trust for America?s Health, 2012). Given the obesity crisis in today?s society, adequate intakes 
of F/V would benefit Americans.  
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Implementing programs to reduce and prevent childhood obesity are beneficial for youth. 
Getting children started on healthy living may help to prevent childhood obesity in the future. In 
addition, health care costs could decrease and productivity could increase with the reduction and 
prevention of childhood obesity (Wang, McPherson, Marsh, Gortmaker, & Brown, 2011). 
Throughout the past two decades, school-based nutrition intervention programs have 
attempted to increase children?s F/V intake (Anderson, Porteous, Foster, Higgins, Stead, 
Hetherington, Ha, & Adamson, 2005; Bere, Veierod, Bjelland, & Klepp, 2005; Eriksen, 
Haraldsdottir, Pedersen, & Flyger, 2003; McAleese & Rankin, 2007; Moore & Tapper, 2008; 
Parker & Fox, 2001; Perry, Bishop, Taylor, Murray, Mays, Dudovitz, Smyth, & Story, 1998; 
Perry, Bishop, Taylor, Davis, Story, Gray, Bishop, Mays, Lytle, & Harnack, 2004; Wells & 
Nelson, 2005).  The program results are broad and diverse. Some report only an increase in fruit 
intake (Anderson et al., 2005; Eriksen et al., 2003; Perry et al., 1998; Perry et al., 2004). Some 
document increases in both F/V intakes (Bere et al., 2005; McAleese & Rankin, 2007). Virtually 
no studies found increases in only vegetable intakes, and many studies found no change in F/V 
intakes (Moore & Tapper, 2008; Parker & Fox, 2001; Wells & Nelson, 2005).  
Multicomponent intervention programs for youth seem to be more successful in 
increasing F/V intake compared to programs using only one component (Blanchette & Brug, 
2005). Multicomponent attributes have consisted of physical activity, gardening, tastings, 
newsletters, teacher education, role modeling, social support, parental education, school food 
service training, and classroom activities (Anderson et al., 2005; Perry et al., 1998; Perry et al., 
2004). The duration of these programs and exposure to F/V also have significant impacts on F/V 
intake (Blanchette & Brug, 2005; Wardle et al., 2005).   
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Many multicomponent studies have focused on promoting F/V intake primarily to receive 
health benefits (Parker & Fox, 2001; Perry et al., 2004) or to prevent chronic diseases (Anderson 
et al., 2005; Eriksen et al., 2003; McAleese & Rankin, 2007; Perry et al., 1998; Perry et al., 
2004; Wells & Nelson, 2005).  These goals have recently shifted to prevention of childhood 
obesity. However, few studies have implemented programs for targeting childhood obesity 
(McAleese & Rankin, 2007; Moore & Tapper, 2008).   
This study utilized the obesity epidemic as motivation to develop a statewide childhood 
obesity prevention program, Body Quest (BQ), for elementary-aged youth. BQ is a 
multicomponent program with four objectives: (1) increase F/V consumption, (2) increase 
physical activity, (3) enhance nutrition-related sleep hygiene, and (4) promote family 
involvement. This study addresses the findings related to the first goal. The purpose of this study 
was to report changes in F/V consumption of third grade students who participated in the school 
lunch program and also in Body Quest (BQ), a 17-class childhood obesity prevention program. 
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Chapter 2 
Literature Review 
Childhood Obesity 
Obesity is a condition associated with adverse health risks that has escalated to an 
alarmingly high prevalence in the United States.  Obesity is defined as having a Body Mass 
Index () of 30 or greater in adults or a BMI greater than or equal to sex- and age-specific 95th 
percentile from Centers for Disease Control and Prevention (CDC) Growth Charts for children 
(CDC, 2011b,, 2011c; Ogden & Carroll, 2010).  Obesity among Americans has increased 
immensely over the past 35 years and has more than doubled in the past 20 years (Ogden & 
Carroll, 2010; ?Weight Control and Obesity,? 2002).  Healthy People 2010 noted overweight and 
obesity to be one of 10 leading health indicators (MMWR, 2009).   
Rates of obesity in the United States have been increasing despite efforts to minimize this 
epidemic.  National Health and Nutrition Examination Survey (NHANES) uses data to examine 
the progress of the United States? ability to decrease the national rate of overweight and obesity; 
however, there has been minimal progress.  Statistics from the 2007-2008 NHANES note 16.9% 
of children and adolescents aged two to 19 years are obese (Ogden & Carroll, 2010).  Between 
1976-1980 and 2007-2008, obesity trends doubled from 5% to 10.4% among children aged two 
to five years.  Even greater increases were seen in the age groups six to 11 years and 12-19 years, 
with increases from 6.5% to 19.6% and 5% to 18.1%, respectively.   
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Geographical Location and Obesity 
The highest rates of obesity reside in the Southeast and Appalachian areas of the United 
States.  Three-quarters of counties within Alabama, Georgia, Louisiana, Mississippi, and South 
Carolina and 81% of counties in the Appalachian region within Kentucky, Tennessee, and West 
Virginia have obesity rates greater than or equal to 30% (CDC, 2011c; MMWR, 2009).  The 
Healthy People 2010 goal for statewide obesity was 15%, a target that no state met (MMWR, 
2009).  In just nine years, 2000-2009, state obesity prevalence has increased from greater than or 
equal to 30% obesity in zero states to nine states.  The state of Alabama is included among these 
nine states with an obesity prevalence of 31% (CDC, 2011c; MMWR, 2010).  Obesity rates by 
selected counties in Alabama are as follows: Greene-43.5%, Dallas-41.2%, Perry-40.2%, Macon-
40.2%, Lowndes-40.3%, Sumter-40%, Wilcox-39.4%, Hale-38.6%, Bullock-37.3%, Marengo-
37%, Pike-36.7%, Choctaw-36.1%, Barbour-36.4%, Monroe-36.2% (Internatioal Business 
Machines Research [IBM], 2009).   
Race and Ethnicity and Obesity 
Obesity rates not only differ by state and county in the Unites States, but also show 
significant variation by race and ethnicity.  CDC data from 2006-2008 show Blacks have the 
highest rate of obesity, 51% higher prevalence than Whites.  This same data showed Hispanics 
had 21% higher prevalence of obesity when compared with Whites.  Greater prevalence of 
obesity for these Blacks and Whites were found to be most associated with the Southern and 
Midwest regions of the United States in comparison to the West and Northeast (CDC, 2011c).  
For children between the ages of two and four years, the highest rates of obesity were found in 
American Indian and Alaska Native (20.7%) and Hispanic (17.9%) (Dwyer, Stone, Yang, 
Webber, Must, Feldman, Nader, Perry, & Parcel, 2000).   
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Gender and Obesity 
Approximately two decades ago, differences in obesity rates within and between sexes 
were not significantly different; however, these rates in obesity by gender have changed 
dramatically.  According to NHANES III in 1988-1994, there was no significant difference in 
obesity between non-Hispanic White males, non-Hispanic Black males and Mexican American 
males with a prevalence of 11.6%, 10.7%, and 14.1%, respectively.  By 2007-2008, these 
percentages increased to 16.7%, 19.8% and 26.8%, respectively.  Non-Hispanic White females, 
non-Hispanic Black females, and Mexican American females also showed an increase in obesity 
between 1988-1994 and 2007-2008.  These percentages increased from 8.9% to 14.5%, 16.3% to 
29.2%, and 13.4% to 17.4%, respectively.  Non-Hispanic Black females were the only group of 
females who had higher prevalence of obesity when compared to same race males (Ogden & 
Carroll, 2010).  A study by Dwyer et al. (2000) indicated 12% of nine year old males and 7% of 
nine year old females were obese. 
Socioeconomic Status and Obesity 
In addition, socioeconomic status (SES) has an impact on the rate of obesity among 
children.  According to the 2009 Pediatric Nutrition Surveillance System, about one-third of the 
almost four million low-income children aged two to four years were overweight or obese, with 
541,000 being obese.  The U.S. Census in 2009 reported the number of Americans in poverty 
was greater than the estimates released 51 years ago.  One possible explanation for the increase 
in obesity among low SES children is the limited access that low-income families have to 
healthy food options or opportunities for physical activity in safe areas (CDC, 2012). 
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Risks of Obesity 
Childhood obesity leads to many health problems.  Added health risks, such as heart 
disease, stroke, insulin resistance, diabetes, sleep apnea, asthma, musculoskeletal discomfort, 
gastro-esophageal reflux, arthritis, hypertension, and high cholesterol can persist and worsen into 
adulthood (CDC, 2001b; Kruger, Ham, & Prohaska, 2009; Yanovski & Yanovski, 2011).  Being 
overweight or obese as a child immediately increases the risk for these diseases and conditions 
(?Weight Control and Obesity,? 2002).  
As a child becomes heavier, fat cells increase in number and expand in size.  If the 
weight is lost, the size of adipose cells decrease; however, the number remains constant, making 
it easier to gain weight and harder to lose weight (CDC, 2011b; Kruger et al., 2009; ?Weight 
Control and Obesity,? 2002; Yanovski & Yanovski, 2011).  In addition, diseases once considered 
to be ?adult? conditions, such as type 2 diabetes and nonalcoholic fatty liver disease, are 
manifesting in obese children.  Obese children are also more likely to become obese adults 
(CDC, 2011b; Yanovski & Yanovski, 2011). 
Fruit and Vegetable Consumption 
 Consumption of F/V among children and adolescents in the United States is less than 
ideal (Blanchette & Brug, 2005; Dennison et al., 1998; Story et al., 2002; Wardle et al., 2005).  
The State Indicator Report on F/V in 2009 reported only 32% and 13% of adolescents in grades 
nine through twelve were consuming at least two fruits and three vegetables per day, 
respectively.  Only 9.5% of adolescents consume both two fruits and three vegetables daily.  
Currently, only seven states in the United States have children who consumed at least two F/V 
for 10% to 14% of their adolescents (grades nine through twelve). They are: Maine, Connecticut, 
New Hampshire, Vermont, Illinois, Kansas, and Florida. The remaining states either report no 
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data or found that less than 10% of adolescents consumed these recommended amounts of 
produce.  The goal for F/V consumption from Healthy People 2010 is for at least 75% of adults 
and adolescents to consume a minimum of two fruits and 50% to eat a minimum of three 
vegetables each day (Brug, Tak, Velde, Bere, & Bourdeaudhuij, 2008; USDHHS, 2009a). Recent 
guidelines for children and adolescents recommend filling half their plate with F/V at each meal 
(United States Department of Agriculture [USDA], 2011a). 
A study by Dennison et al. (1998) revealed 2- and 5-year-old children are not consuming 
the recommended amount of F/V servings each day.  This study examined the eating behaviors 
of 116 two-year-olds and 107 five-year-olds via seven-day written dietary records.  Serving sizes 
were based on the U.S. Department of Agriculture definitions, two fruits and three vegetables per 
day.  The study found no significant difference between 2- and 5-year-olds regarding daily 
servings of fruits, fruit juices, and total F/V.  Fruit consumption was primarily in the form of 
juice, contributing to 54% of all fruit servings and 42% of all F/V servings combined.  Two-year-
olds ate 1.8 ? 1.1 servings of fruit daily versus 1.5 ? 1.0 servings in 5-year-olds. Vegetables were 
under-consumed by both age groups as well.  Two-year-olds consumed 0.4 ? 0.5 servings of 
vegetables daily, while 5-year-olds ate 0.6 ? 0.5 servings.    
Children consuming less than two total servings of F/V were three times less likely to 
meet the Recommended Dietary Allowance (RDA) for vitamin A, were at risk for not meeting 
the RDA for vitamin C, and also lacked an adequate amount of fiber in the diet. Similar studies 
showed parallel results?almost all children consumed less than the recommended servings of 
F/V daily (Dennison et al., 1998; USDHHS, 2009a).  A major barrier to F/V consumption was 
low SES coupled with high cost of produce (Dennison et al., 1998). 
 In addition to low SES, research suggests other reasons for inadequate intake.  Children?s 
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dietary intakes could be rooted in habits formed in early childhood, which tend to be carried into 
adulthood.  Other factors inversely associated with under-consumption of F/V by children is the 
dietary habits of their parents, accessibility of produce, influence by peers, and exposure to 
television advertisements (Blanchette & Brug, 2005; Wardle et al., 2005).   
Taste Preference  
Taste preference is thought to be the largest personal contributor to F/V intake, with 
partiality toward fruits (Blanchette & Brug 2005; Brug et al., 2008).  An enjoyment of F/V 
boosts daily consumption, deeming taste preference important (Brug et al., 2008).  Predisposition 
for sweet and salty opposed to bitter and sour offers reasoning for this preference.  This 
predisposition can be altered with repeated exposure to the disliked foods (Brug et al., 2008).  
Parents are encouraged to purchase produce and prepare simple meals or snacks to increase the 
exposure of F/V to their children.  Exposure to foods parents are consuming could likely lead 
children to acceptance of these foods (Brug et al., 2008).  A study of 191 White American 
families with 5-year-old daughters found that those parents, especially mothers, who consumed 
more produce, had daughters who consumed more produce.  This indicates a positive correlation 
between intake of F/V by parents and intake in their daughters (Blanchette & Brug 2005; Wardle 
et al., 2005). 
Environment 
In addition to taste preferences and modeling parental eating patterns, children and 
adolescents? eating behaviors could be due to lifestyle and developmental, social, and 
environmental changes.  Lack of time and convenience are two barriers (O?Dea, 2003; Story et 
al., 2002).  Adolescents reported the desire to sleep longer in the morning instead of waking up 
earlier to eat breakfast, eating fast food due to time constraints, and reluctance to wait in a long 
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lunch line in the school cafeteria (Story et al., 2002).  Food neophobia, an unwillingness to try 
new foods, has also been associated with inadequate F/V intakes of children (Wardle et al., 
2005). 
Gender  
Gender differences exist when observing F/V intakes.  Girls, compared to boys, prefer 
F/V (Bere, Brug, & Klepp, 2007; Brug et al., 2008; Cooke & Wardle, 2005; Wardle et al., 2005).  
Younger boys like significantly less foods than younger girls; however, this is reversed in older 
boys and girls (Cooke & Wardle, 2005).  When taking food neophobia into consideration, boys 
exhibit an increased unwillingness to eat F/V compared to girls.  This is shown by higher scores 
on the Child Food Neophobia Scale, a 10-item scale measuring willingness to try novel foods.  
The scores correlate with behavioral measures of neophobia (Wardle et al., 2005).  Nine-year-old 
boys were more likely to have a higher score on the scale compared to 9-year-old girls.  In 
general, younger children had higher food neophobia and general neophobia in comparison to 
older children (Hursti & Sjoden, 1997).   
Another study found no difference in the frequency of fruit consumption between 2- to 6-
year-old boys and girls; however, boys chose vegetables less frequently than girls.  Vegetables 
were eaten daily by 37.1% of boys compared to 44% of girls.  The less frequent consumption of 
vegetables by boys was significantly associated with their food neophobia (Wardle et al., 2005).   
Among both boys and girls, vegetables have been ranked as one of their least favorite 
foods (Cooke & Wardle, 2005).  Children quickly learn to enjoy high-energy dense foods that 
are typically high in fat and/or sugar.  Since vegetables are a low-energy dense food and can taste 
bitter, children do not prefer these foods (Brug et al., 2008).  Boys tend to have a greater liking 
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for high-energy dense foods compared to girls, which could be related to their greater energy 
requirements (Bere, Brug, & Klepp, 2007).   
A cross-sectional study conducted in nine European countries, as part of the Pro Children 
project, found 47.7% of school-aged girls and 38.9% of boys ate fruit daily, while 51.8% of girls 
and 40.5% of boys ate vegetables daily (Brug et al., 2008).  A similar study from two Norwegian 
counties observed 896 sixth and seventh graders on their F/V intake.  A questionnaire was 
distributed, measuring the frequency and type of F/V consumed.  Results showed girls consumed 
produce 14.5 times each week, while boys consumed produce 11.9 times per week.  From this 
study, researchers point to the possibility of taste preference in determining why boys eat less 
F/V than girls.  It is hypothesized boys do not prefer the taste of produce as much as girls, 
leading to their less frequent consumption (Bere et al., 2007). 
Socioeconomic Status 
 SES, defined by education level and income or occupation of an individual, plays a role 
in the type of diet consumed (Crawford, Lamp, Nicholson, Krathwohl, Hudes, & Townsend, 
2007; Darmon & Drewnowski, 2008; Dubowitz, Heron, Bird, Jurie, Finch, Hale, & Escarce, 
2008).  Those with lower SES have poorer diet quality, evidenced by elevated intakes of high-
energy dense and processed foods, and low F/V consumptions.  Reasons for this type of diet in a 
lower SES individual could relate to the limited availability or access to healthy options and an 
unwillingness to pay for higher-priced produce.  The opposite can be true for those of higher 
SES.  Whole grains, lean meats, fish, low-fat dairy products, and fresh produce are more likely to 
be consumed among those with a higher social status (Darmon & Drewnowski, 2008). 
 Restricted intakes of F/V paired with high consumption of high-energy dense foods leads 
to increased risk for obesity, diabetes, cardiovascular disease, osteoporosis, dental caries, cancer, 
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and ultimately increased mortalities (Darmon & Drewnowski, 2008; Dubowitz et al., 2008).  
Those with lower SES have poorer diets overall and also have higher rates of morbidity and 
mortality.  In opposition, those with higher SES have lower overall rates of morbidity and 
mortality, which are linked to a higher-quality diet.  Higher SES individuals ate a larger amount 
of produce, in some cases two additional servings per week (Dubowitz et al., 2008), and also a 
greater variety.  Higher SES groups have typically had more education than lower SES groups, 
which suggests the level of education of an individual is correlated with the quality of diet 
(Darmon & Drewnowski, 2008).    
Not only do the types of foods eaten differ among low and high SES families, the amount 
of foods eaten or served and the reasons for eating foods differ.  Mothers in food-insecure homes 
served less food to children compared to mothers in food-secure homes. The motive for this in 
food-insecure homes is to practice restrictive feeding to accommodate possible food shortages in 
the future. Mothers in the food-insecure homes also were more likely to use food as a reward 
(Crawford et al., 2007). 
 Children and adolescents of semiskilled and unskilled workers in France consumed 
significantly more sweets, starches (breads, potatoes, cereals), and deli meats (Darmon & 
Drewnowski, 2008). In comparison, children from a higher SES group consumed more whole 
grain breads, fresh F/V, lean meats, and seafood.  Similarly, children in the United States from 
low SES groups and from families with lower education levels consumed less F/V and more 
calorically-dense foods such as sweetened beverages (Darmon & Drewnowski, 2008).   
 Other studies have shown results parallel to those found in France and the United States. 
Children and adolescents from low SES families consumed more soft drinks and smaller 
amounts of produce compared to children from higher SES families (Darmon & Drewnowski, 
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2008).  The lower SES group consumed more white breads and pastas, organ meats, fried fish, 
whole milk, added fats and sugars, sweetened beverages, and beer.  The higher SES group had a 
greater intake of whole grain breads, F/V, fruit juice, nuts, lean meats, low-fat milk, and cheese 
(Darmon & Drewnowski, 2008). 
Intervention Programs as a Solution 
Obesity is a multifaceted disease, and needs combined efforts to reduce and prevent 
future increases. Solutions to decrease the obesity epidemic can be implemented among schools, 
the government, states, communities, health professionals, and parents.  Increasing opportunities 
for physical activity, increasing the availability of healthy food choices, understanding the 
consequences of obesity, and providing multicomponent programs in schools can aid in 
decreasing obesity (CDC, 2011a, 2011d; French & Stables, 2003; Reynolds, Franklin, Binkley, 
Raczynski, Harrington, & Kirk, 2000; USDA, 2010b; USDHHS, 2009b). 
Several studies comprised in a comprehensive review by French and Stables (2003), 
discussed hereafter, have examined approaches to improve F/V consumption. One intervention 
conducted by Reynolds et al. (2000) targeted fourth and fifth grade students for a total of two 
years, using a three-component intervention strategy. Components consisted of: (1) classroom 
curricula presented by trained research staff, (2) parental activities at home with children, and (3) 
cafeteria food service changes to increase purchase, preparation, and promotion of F/V.  Twenty-
four-hour recalls and consumption of produce during lunch were used to measure intake.  By the 
end of year one and year two, this intervention significantly increased the students? fruit intake 
by 0.56 servings per day, vegetable intake by 0.35 servings per day, and total F/V intake by 0.99 
servings per day.  There was no significant difference among gender, SES, or ethnicity (French 
& Stables, 2003).   
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A similar study by Perry et al. (1998) in fourth and fifth grade students used the same 
three components as the intervention strategy used in Reynolds et al. (2000)?classroom 
curricula, food service changes, and parent-child home-based activities for one year.  The results 
were consistent with Reynolds et al. (2000) suggesting multicomponent intervention strategies 
can significantly increase F/V intake among young students (French & Stables, 2003).   
 Baranowski, Davis, Resnicow, Baranowski, Doyle, & Lin (2000) conducted another 
multicomponent intervention in fourth and fifth grade students; however, the food service 
component was omitted and replaced with a  community, grocery store activity once per year, for 
two years.  This intervention did not increase the intake of vegetables or total F/V intake.  This 
suggests the possible need for cafeteria intervention, using food service to aid in promotion of 
F/V (French & Stables, 2003).   
A study by Foerster, Hamagami, & McArdle (1998) examined F/V consumption through 
multicomponent school-based components. The study was conducted among fourth and fifth 
grade students and used classroom curricula via the California Children?s 5-A-Day Power Play 
resource kit. It also used a community component, consisting of activities in grocery stores, 
youth organizations, farmers markets, and mass media.  Twenty-four-hour recalls via self-
reported food diaries were used to assess F/V intake.  Significant increases in total F/V intake, 
especially in those students who participated in school-plus-community interventions, by 0.4 
servings per day were demonstrated.  Those participating in only school-based interventions 
increased their total F/V intake by 0.2 servings per day, and those in the control group decreased 
F/V intake by 0.3 servings per day (French & Stables, 2003). 
An additional study conducted by Reynolds et al. (2000) performed a multicomponent 
approach, High 5, to increase F/V in fourth grade students.  Twenty-eight elementary schools 
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and 1,698 families of fourth grade students participated in this study for two years.  Similar to 
some previous studies, classroom, parent, and cafeteria factors were used to increase 
consumption of produce.  The classroom criteria included monitoring, self-monitoring, problem 
solving, reinforcement, and taste testing.  Characters, such as ?Indiana Banana? and ?Freggie? 
(fruit + veggie), were used in the lessons for easy recognition (Reynolds et al., 2000).   
Lessons consisted of a check-up to review information from previous lessons, the High 5 
Cheer to encode key concepts, a ?Freggie Fact? to learn new information, a Learning Activity 
Section to build skills, and homework to reinforce skills.  On ?High 5 Days?, children were 
encouraged to consume five F/V, then record their choices.  Parents were encouraged to help 
children meet this goal.  Other parent activities involved helping their children with the Freggie 
Book, which contained seven homework assignments for the week (Reynolds et al., 2000).   
Food service staff in the cafeterias were instructed on proper purchasing and preparing 
techniques for F/V.  They were encouraged to serve a minimum of 10 F/V each week.  The 
cafeterias received a ?Star Status? determined by nutritionists to provide reinforcement for those 
cafeterias meeting the goals.  Dietary recalls and cafeteria observations were used to help 
determine consumption status of each child (Reynolds et al., 2000).   
This study found children increased their F/V consumptions from baseline when assessed 
at Follow-up one (one year after baseline) and Follow-up two (two years after baseline).  Daily 
F/V servings combined were 2.61 at baseline and 3.96 and 3.20 at Follow-up one and Follow-up 
two, respectively. This High 5 Program was most effective in children whose parents were 
married. This finding suggests more stable eating patterns or more available time to devote to 
High 5 activities in homes with married parents (Reynolds et al., 2000). 
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 Interventions most effective in enhancing F/V intakes have used combinations of school 
cafeteria food service changes in availability and promotion, classroom curricula, and parent-
child activities at home.  This may be indicative of using a multicomponent approach to increase 
the consumption of F/V, opposed to manipulating just one variable (French & Stables, 2003; 
Reynolds et al., 2000). The dosage, or length of intervention, for these studies was inconsistent 
when determining increases in F/V intake. Effective intervention time frames ranged from eight 
weeks (Foerster et al., 1998), to one year (Perry et al., 1998) or two years (Reynolds et al., 2000).  
In addition to school-based programs, governmental initiatives such as USDA?s Fresh 
Fruit and Vegetable Program (FFVP) have been put into place to increase children?s F/V 
consumption. The FFVP began during the 2011-2012 school year and was developed under the 
National School Lunch Act as a part of the Obama administration?s efforts to improve children's 
health. The program provides free fresh fruits and vegetables to elementary-aged children 
throughout each school day. Participating low-income schools are selected by each state and 
provided $50 to $75 worth of fresh produce per student over the course of the school year 
(USDA, 2011b).     
Justification 
 Multicomponent nutrition education programs implemented in elementary schools can 
aid in accessibility and availability of F/V (Baranowski et al., 2000; Foerster et al., 1998; French 
& Stables, 2003; Perry et al., 1998; Reynolds et al., 2000).  Since produce is not always readily 
available to some children at home, consumption may be inadequate.  Bringing F/V into schools 
can remove this barrier and introduce children to foods unavailable to them.  Interventions also 
provide opportunities for children to learn about the benefits of F/V while participating in 
nutrition education opportunities.  
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Children who are exposed to interventions including F/V tastings, nutrition education, 
and cafeteria changes benefit more than those exposed to interventions with one component. 
Initial or short-term behavior change and knowledge change have been observed in children 
participating in multicomponent interventions; however, long-term behavior change is 
questionable due to limited exposure. Nutrition education intervention programs can be effective 
tools to increase the amount of F/V in a child?s diet (Anderson et al., 2005; Bere et al., 2005; 
Eriksen et al., 2003; French & Stables, 2003; McAleese & Rankin, 2007; Moore & Tapper, 
2008; Parker & Fox, 2001; Perry et al., 1998; Perry et al., 2004; Reynolds et al., 2000; Wells & 
Nelson, 2005;). 
 The purpose of this study was to report changes in F/V consumption of third grade 
students who participated in the school lunch program and also in Body Quest (BQ), a 17-class 
childhood obesity prevention program.   Goals of this research study were to: 
1. Develop a childhood obesity prevention program for third grade students in Supplemental 
Nutrition Assistance Program-Education eligible schools to increase F/V consumptions 
and 
2. Recognize the length of intervention (dosage) needed to observe F/V behavior change, 
using the What?s for Lunch tool. 
This study was conducted through the Nutrition Education Program (NEP) of the 
Alabama Cooperative Extension System (ACES). NEP is Alabama?s Supplemental Nutrition 
Assistance Program-Education program co-sponsored by ACES and the Alabama Department of 
Human Resources. 
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Chapter 3 
Changes in Fruit and Vegetable Consumption of Third Grade Students in Body Quest: 
Food of the Warrior, a 17-class Childhood Obesity Prevention Program 
 
Abstract 
Objective: To report changes in fruit and vegetable (F/V) consumption of third grade students 
who participated in both the school lunch program and Body Quest (BQ), a 17-class childhood 
obesity prevention program.  
Design: BQ materials (curriculum, iPad? apps, pencil-and-paper activities) were based on the 
Experiential Learning Model. 
Setting: Extension educators implemented BQ in 60 Supplemental Nutrition Assistance 
Program-Education eligible schools in 38 rural counties in Alabama. 
Participants: Students (n = 2,477) were randomly assigned to treatment (n = 1,674) and control 
(n = 803) groups; half were female and half were Black. 
Intervention: Two weeks each of What?s for Lunch (W4L) pre- and post-assessments were 
given to treatment and control groups. F/V tastings were given only to treatment group students 
during pre- and post-assessments. Between pre- and post-assessments, treatment group students 
received 17 classes using iPad apps/pencil-and-paper activities and weekly F/V tastings. 
Main Outcome Measure: After lunch, students reported foods consumed on a W4L form. W4L 
assessed student changes in F/V consumption throughout the 17-class period. 
Analysis: Growth modeling examined patterns of change in F/V consumption.   
Results:  There were significant increases in fruit (p<.01) and vegetable (p<.001) consumptions 
at post for treatment group students compared to control group students. When analyzing only 
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treatment group students, significant increases in fruit (p<.001) and vegetable (p<.001) 
consumption from pre to post were found. Both F/V consumptions increased up to class 10, and 
then stabilized. Race was found as a predictor of F/V consumption. Black students in the 
treatment group reported higher F/V servings compared to non-Black students. 
Conclusions and Implications: F/V intakes of youth can be increased through childhood 
obesity prevention programs. Long-term programs lasting at least 10 classes are desirable to 
allow students to adopt new F/V habits. 
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Introduction 
 
Consumption of fruits and vegetables (F/V) among youth in the United States is less than 
ideal (Blanchette & Brug, 2005; Dennison et al., 1998; Dietary Guidelines for Americans, 2010; 
Story et al., 2002; Wardle et al., 2005).  Children as young as two years are not meeting daily 
recommended servings of F/V (Dennison et al., 1998).  This trend persists into adolescence with 
only 13% of twelfth graders consuming two fruits and three vegetables daily (USDHHS, 2009a).  
Several benefits accompany adequate F/V intake.  When consumed, necessary nutrients 
for health are absorbed.  If consumption is inadequate, nutrients such as folate, fiber, magnesium, 
potassium, and vitamins A and C will also be inadequate.  In addition to providing essential 
nutrients, a daily minimum of two and a half cups of F/V for children and adults may help 
protect against cancer, stroke, and heart attack (CDC ?Fruit and Vegetable,? n.d.; Dietary 
Guidelines for Americans, 2010).   
Additionally, F/V are low in calories and may aid in weight management when eaten in 
place of high-calorie foods (CDC ?Fruit & Vegetable?; Dietary Guidelines for Americans, 2010). 
People in states with high F/V intakes are less obese than those in states with low F/V intakes 
(Trust for America?s Health, 2012). Given the obesity crisis in today?s society, adequate intakes 
of F/V would benefit Americans.  
Implementing programs to reduce and prevent childhood obesity are beneficial for youth. 
Getting children started on healthy living may help to prevent childhood obesity in the future. In 
addition, health care costs could decrease and productivity could increase with the reduction and 
prevention of childhood obesity (Wang, McPherson, Marsh, Gortmaker, & Brown, 2011). 
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Throughout the past two decades, school-based nutrition intervention programs have 
attempted to increase children?s F/V intake (Anderson et al., 2005; Bere et al., 2005; Eriksen et 
al., 2003; McAleese & Rankin, 2007; Moore & Tapper, 2008; Parker & Fox, 2001; Perry et al., 
1998; Perry et al., 2004; Wells & Nelson, 2005).  The program results are broad and diverse. 
Some report only an increase in fruit intake (Anderson et al., 2005; Eriksen et al., 2003; Perry et 
al., 1998; Perry et al., 2004). Some document increases in both F/V intakes (Bere et al., 2005; 
McAleese & Rankin, 2007). Virtually no studies found increases in only vegetable intakes, and 
many studies found no change in F/V intakes (Moore & Tapper, 2008; Parker & Fox, 2001; 
Wells & Nelson, 2005).  
Multicomponent intervention programs for youth seem to be more successful in 
increasing F/V intake compared to programs using only one component (Blanchette & Brug, 
2005). Multicomponent attributes have consisted of physical activity, gardening, tastings, 
newsletters, teacher education, role modeling, social support, parental education, school food 
service training, and classroom activities (Anderson et al., 2005; Perry et al., 1998; Perry et al., 
2004). The duration of these programs and exposure to F/V also have significant impacts on F/V 
intake (Blanchette & Brug, 2005; Wardle et al., 2005).   
Many multicomponent studies have focused on promoting F/V intake primarily to receive 
health benefits (Parker & Fox, 2001; Perry et al., 2004) or to prevent chronic diseases (Anderson 
et al., 2005; Eriksen et al., 2003; McAleese & Rankin, 2007; Perry et al., 1998; Perry et al., 
2004; Wells & Nelson, 2005).  These goals have recently shifted to prevention of childhood 
obesity. However, few studies have implemented programs for targeting childhood obesity 
(McAleese & Rankin, 2007; Moore & Tapper, 2008).   
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This study utilized the obesity epidemic as motivation to develop a statewide childhood 
obesity prevention program, Body Quest (BQ), for elementary-aged youth. BQ is a 
multicomponent program with four objectives: (1) increase F/V consumption, (2) increase 
physical activity, (3) enhance nutrition-related sleep hygiene, and (4) promote family 
involvement. This study addresses the findings related to the first goal. The purpose of this study 
was to report changes in F/V consumption of third grade students who participated in the school 
lunch program and also in Body Quest (BQ), a 17-class childhood obesity prevention program. 
Methods  
Design 
BQ was an experimental design intervention conducted throughout Alabama. Participants 
were third grade students attending schools eligible for Supplemental Nutrition Assistance 
Program-Education. Eligibility requires a school to have 50% or more students receiving Free or 
Reduced-price Lunch (FRL). The Institutional Review Board at Auburn University approved this 
research. Informed consent (Appendix A) was obtained from parents of participating students 
and standardized scripts (Appendix B) were used to recruit students. 
The BQ curriculum and supporting materials are based on the Experiential Learning 
Theory (Kolb & Boyatzis, 2000), and are behaviorally-focused and developmentally appropriate. 
BQ curriculum and activities were comprised of many components and are being prepared for 
publication (in press). All nutrition education was provided by 24 Supplemental Nutrition 
Assistance Program-Education educators. F/V were tasted during each of the 17 classes, but only 
by the treatment group. The goal of tastings was to repetitively expose students to F/V. Nutrition 
education was coupled with other components including a mini physical activity ?Warrior 
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Workouts? and nutrition-based sleep education. Take-home messages and activities for family 
members were sent home weekly.  
One unique aspect of BQ is that education was provided in part via iPad app technology. 
Seven apps with anim? characters were developed by Alabama Cooperative Extension System 
personnel to accompany the BQ curriculum (in press). While engaging in these lessons, students 
learned about healthy diets and nutritious snacks, and answered questions on nutrients in each 
food group. 
In comparison to other studies, BQ had a unique approach and included factors that could 
have played a role in F/V consumption increases.  Trained nutrition educators implemented BQ 
classes and were dedicated to the classes, an advantage this study had over others who recruited 
school teachers or food service staff as nutrition educators (Anderson et al., 2005; McAleese & 
Rankin, 2007; Perry et al., 2004).  
Educators randomly chose six third-grade classes from schools in a two-county area. 
Each class was randomly assigned as a treatment (iPad/pencil-and-paper education) or control 
group.  Treatment groups were in different schools from control groups.   
During the 2011-2012 school year, educators provided 17 BQ classes on a weekly basis 
to the treatment group. BQ classes for the treatment group consisted of pre-assessments (Weeks 
1-2), intervention (Weeks 3-15), and post-assessments (Weeks 16-17). F/V tastings were 
provided for all 17 classes for the treatment group only. In contrast, control groups were given 
pre- and post-assessments, but did not receive nutrition intervention or F/V tastings. During the 
intervention (Weeks 3-15), six nutrition lessons were taught; the week following each lesson was 
used as reinforcement and taught via iPad app/pencil-and-paper. 
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In addition, F/V tastings were provided 17 times throughout the program (pre1 and 2, 
Classes 3-15, and post1 and 2). Tastings were an integral part of this program because they 
exposed students to commonly consumed F/V served during lunch and removed the accessibility 
barrier many students may face at home. Tastings consisted of four, fresh F/V and alternated 
weekly. Fruits included: blueberries, cantaloupe, strawberries, oranges, pears, pineapples, and 
peaches. Vegetables included: tomatoes, squash, broccoli, cauliflower, pickled okra, carrots, bell 
peppers, spinach, and dark leafy lettuce.  A one-ounce cup of ranch dressing was distributed with 
vegetables for dipping.  Although the study took place in rural Alabama, most foods were 
available at local stores throughout the school year. 
Demographic data were collected by educators at the beginning of the study. Each school 
administrator provided student?s gender and race.  FRL data were provided by the 2011-2012 
Alabama Department of Education (Alabama Department of Education, 2011). Each school?s 
Child Nutrition Program Director reported on participation in FFVP (USDA, 2011b). 
A What?s for Lunch (W4L) form (Appendix C) was developed to assess changes in F/V 
consumption of students participating in BQ and who eat a school lunch. W4L was an easy-to-
use checklist for students to self-report consumption of foods provided as part of Child Nutrition 
Program school lunch immediately after lunch. Treatment group students completed a W4L form 
each school day for the entirety of the program. Control group students completed a W4L form 
during the two weeks in both pre- and post-assessments. Since the form was a checklist, 
readability was dependent upon food items listed on daily menu choices. Educators printed or 
typed food items as largely and neatly as possible on the form. Besides food items, only a few 
words were on the form (e.g. name, day, and date). Options for students to self-report were 
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simple words such as yes and no. Other statements regarding ?foods not served? and ?did not eat 
a school lunch today? were considered age-appropriate.  
As shown in Illustration 3.1, educators customized the W4L forms based on each 
school?s lunch menu for a 5-day period. After customizing, educators personalized a copy for 
students by writing each student?s name on a form. Sufficient copies of the customized and 
personalized W4L form were made, and distributed prior to the 5-day period corresponding to 
the form. Completed student forms were collected the following week by educators. Thus, 
educators were always distributing forms to be completed and collecting completed forms in the 
same week.  
Immediately after lunch, students reported foods consumed during lunch on the W4L 
form. Prior to BQ, educators enlisted classroom teachers? help by asking them to remind students 
to complete the form. Some students kept the form in a BQ folder in their desks; for others, 
teachers distributed folders.  
Coding and Data Entry of Fruits and Vegetables 
Upon weekly collection of W4L forms from students, educators entered data into 
spreadsheets on SharePoint, a shared network site. Only F/V were coded and entered; all other 
food items were ignored.  Fruits were collapsed into one category, as were vegetables.  Once F/V 
were coded, educators entered the coded responses into class-specific spreadsheets. One F/V 
code was entered per column on the spreadsheet per participant.  
Validity  
For eight years prior to this study, the W4L methodology was used in poster format and 
displayed in classrooms by Extension education in nutrition programming. For this study, school 
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teachers and educators recommended transforming the poster into an individualized form. The 
poster format was easily adapted into the form.  
Content validity of the W4L form was determined by conducting a six-week pilot study. 
The pilot study included 800 students in 40 classrooms in 40 Alabama counties. W4L forms 
were customized with appropriate foods, distributed to third graders, and collected weekly by 
educators. Classroom teachers facilitated daily reporting of school lunch foods by students 
immediately after lunch. A process evaluation was provided to educators (n = 24) and teachers (n 
= 40) to allow him/her to detail any strengths or weaknesses of the form. Questions also probed 
for usefulness, ease-of-use, and readability. In addition, university faculty, school administrators, 
and parents reviewed materials. After careful consideration, W4L was revised to its final format. 
Subjects  
Third grade (n = 2,477) students from 60 schools located in 38 Alabama counties 
(Appendix D) participated in BQ.  Treatment group students (n = 1,674) were 51% male, 46% 
Black, and 54% non-Black, predominantly White. All students came from schools with 50% or 
more students receiving FRL. Of these schools, 46% of students came from schools classified as 
high FRL (i.e. 75-100% of students receiving FRL). One-third of students came from schools 
participating in the FFVP. Student demographics in the control group (n = 803) paralleled those 
in the treatment group.  
Statistical Analysis 
 Growth modeling was used to examine overall change in F/V consumption using Mplus 
version 6.11 (Duncan & Duncan, 2004; Muthen & Khoo, 1996; Muthen & Muthen, 2010).  F/V 
consumption was defined as self-reported servings of F/V eaten as provided by the school lunch. 
Servings of F/V were calculated based on 17, 5-day periods.   
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Analyses were conducted using two data sets.  In the first set, data from students in 
treatment and control groups were analyzed for changes in F/V consumption across four periods:  
pre1, pre2, post1, and post2 (Figures 3.1, 3.2). In the second set, data from only treatment group 
students (n = 1,674) were analyzed for changes in F/V consumption across the 17-class program. 
In the second set, consecutive classes for all analyses were combined and averaged to eight time 
points: pre = pre1 and pre2; C1 = Classes 1 and 2; C3 = Classes 3 and 4; C5 = Classes 5 and 6; 
C7 = Classes 7, 8, and 9; C10 = Classes 10 and 11; C12 = Classes 12 and 13; and, post = post1 
and post2). C7 consisted of three classes compared to other time periods consisting of two 
classes. This clustering was mid-intervention, to prevent skewing the end points. Across both 
analyses, time was centered at the final time point (post2 for the first set of analyses and an 
average of post1 and post2 for the second set; Ferrer, Hamagami, & McArdle, 2009; Ram & 
Grimm, 2007).   
At the onset of analyses, a series of unconditional growth models were estimated to 
examine changes in F/V consumption across the 17 classes. The first model tested in the series 
was an unconditional linear growth model. The next models tested were quadratic and latent 
basis growth models that estimated nonlinear change. The model with the better fit was chosen. 
The nonlinear latent basis model was chosen and used for all analyses (Ferrer et al., 2009; 
Ram & Grimm, 2007). Using this growth model, the last time point was fixed at 0 and the first 
time point was fixed at -1. All other time points were freely estimated, allowing for an optimal 
shape. The intercept mean indicated the average F/V consumption at post.  The nonlinear slope 
indicated the change from the first (pre) to last classes (post) of the program (Table 3.1).   
A series of nested growth models examined the overall pattern of change in F/V 
consumption throughout the 17-class program (Figures 3.1-3.9).  These models were called 
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conditional or unconditional when predictors were included or not included in the model, 
respectively. For the first data set using treatment and control groups, analyses were conditional 
by adding treatment group as the predictor (Figures 3.1, 3.2).  In the second data set using only 
treatment group students, the initial analysis of F/V consumption was unconditional and did not 
include predictors (Figures 3.3, 3.4; Table 3.1). However, all remaining analyses in the second 
set were conditional and included four demographic predictors: (1) gender, (2) race, (3) FRL, 
and (4) FFVP. For data analyses, FRL was divided into two groups based on percentage of 
students receiving FRL in schools: low = 50-74% and high = 75-100%. For the sake of 
parsimony, only significant predictors were retained (Figures 3.1, 3.2, 3.5-3.9; Table 3.1).  
Results 
 
F/V Consumption between Students in Treatment and Control Groups 
Conditional Model. At the end of BQ (post 2), fruit consumption of treatment group students was 
significantly (p< .01) greater compared to control group students (Figure 3.1). The rate of change 
(slope) also was significantly (p< .001) greater in the treatment group.  At pre1, the treatment 
group began BQ with a slightly lower fruit consumption (3.05 weekly servings) compared to the 
control group (3.20 weekly servings). By post2, fruit consumption for treatment group students 
was 3.40 weekly servings. Overall fruit consumption remained unchanged throughout the study 
for control group students. 
At the end of BQ (post 2), vegetable consumption of treatment group students (4.69 
weekly servings) was significantly (p< .001) greater compared to control group students (4.26 
weekly servings; Figure 3.2). In addition, the rate of change was significantly (p< .001) greater 
in the treatment group students. Both treatment and control groups self-reported essentially the 
same vegetable consumption at pre1.  
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F/V Consumption of Students in Treatment Group 
Unconditional Model. A series of unconditional growth models examined F/V consumption 
across the 17-class period.  The first model tested in the series was an unconditional linear 
growth model. For both F/V, the model had good fit to data.  
The next set of models in the series were quadratic and latent basis growth models to 
estimate nonlinear change of F/V consumption. All models had good fit to data. However, the 
quadratic and latent basis had significantly better fit than the linear model, indicative of 
nonlinear change. The latent basis model, for both conditional and unconditional analyses, was 
chosen in place of the quadratic model since it provided the best approximation to the pattern of 
change for both F/V consumptions (Table 3.1).  
The fitted trajectory of the average child?s fruit consumption for treatment group students 
is shown in Figure 3.3. Overall fruit consumption significantly (p<.001) increased by 0.35 
weekly servings from pre (2.97) to post (3.31; Table 3.1). Results indicated the total amount of 
intra-individual change from pre to C1 was 10%, with an increase of 45% at C5.  Most of the 
change (90%) had taken place by C10 and 100% of change at post.  The average total amount of 
growth is indicated by the mean value of 0.35 (?1, Slope = 0.35, p < .001).  Thus, the formula to 
calculate fruit consumption for each time point is as follows: [3.31 + 0.35 (-1)] = 2.96 at pre, 
with increases up to 3.09 (C3), 3.19 (C7), and 3.28 (C12). There was a small increase up to 3.31 
by post.  
The fitted trajectory of the average child?s vegetable consumption for treatment group 
students throughout the intervention is illustrated in Figure 3.4.  Overall vegetable consumption 
significantly (p<.001) increased by 0.66 from pre (4.03) to post (4.69; Table 3.1).  Results 
indicated the total amount of intra-individual change from pre to C1 was 21%, with an increase 
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of 55% at C5.  Most of the change (98%) had taken place by C10, following a stable pattern with 
100% of change at C12 and thereafter.  The average total amount of growth is indicated by the 
mean value of 0.66 (?1, Slope = 0.66, p < .001).  Thus, the formula to calculate vegetable 
consumption for each time point is as follows: [4.69 + 0.66 (-1)] = 4.03 at pre, with increases up 
to 4.32 (C3), 4.61 (C7), and 4.69 (C12 and post).  
Conditional Model. A series of conditional nested growth models were fit to examine the role of 
four demographic predictors of students: (1) gender, (2) race, (3) FRL, and (4) FFVP.  The 
prediction of the intercept (final status) and slope in F/V consumption were examined.  Each 
predictor was retained when the Wald delta chi-square test indicated significance.  Table 3.1 
presents the unstandardized parameter estimates of the growth, fit statistics, and R-squares for all 
models.  The final models in each series explained significant variance over the previous model 
(indicated by fit statistics and the ?X2 statistics). For fruit consumption, predictors included race, 
FRL, and FFVP.  For vegetable consumption, predictors included gender and race. 
Race was found to be the only predictor common to both F/V consumptions, predicting 
the intercept (Figures 3.5 and 3.9; Table 3.1).  For fruits, Black students reported significantly 
(p<.001) higher fruit consumption at the intercept (post = 3.45 weekly servings) compared to 
non-Black students (post = 3.19 weekly servings).  For vegetables, Black students reported 
significantly (p?.05) higher vegetable consumption at the intercept (post = 4.94 weekly servings) 
compared to non-Black students (post = 4.68 weekly servings). 
FRL was found as another predictor of the intercept for fruit consumption (Figure 3.6; 
Table 3.1). Students attending schools with high FRL (75-100%) reported significantly (p<.001) 
higher fruit consumption at the intercept (post = 3.53 weekly servings) compared to consumption 
of those attending schools with low FRL (50-74%; post = 3.12).   
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FFVP was found as a predictor of the slope in fruit consumption (Figure 3.7; Table 3.1).  
School participation in FFVP predicted the slope, but not the intercept.  Students attending 
schools that did not participate in the FFVP reported lower fruit consumption at pre (2.75 weekly 
servings) compared to students attending schools that did participate (pre = 3.16).  Consumption 
of students from non-participating schools ?caught up? with those in schools that were 
participating by post (3.26 and 3.38, respectively).  
Lastly, gender was found as a predictor of the intercept and slope in vegetable 
consumption (Figure 3.8; Table 3.1). Males reported significantly (p<.05) higher vegetable 
consumption at post (4.95 weekly servings) compared to consumption at post (4.70) for females. 
Results showed males and females reported the same vegetable consumption at pre (3.88 and 
3.91, respectively), but consumption of males increased at a significantly (p<.05) higher rate 
compared to consumption of females.  
Discussion 
 
The motivation for developing BQ was an intimidating statistic: 17% of children two to 
19 years are obese and one-third are overweight or obese. By 2030, obesity rates are predicted to 
increase to 60% in 13 states.  If this trend continues, the current generation of young people 
could be the first in U.S. history to live sicker and die younger than their parents? generation 
(Ogden, Carroll, Kit, & Flegal, 2012).  Overweight and obese children have a greater risk for 
cardiovascular disease and factors leading up to it, such as elevated serum cholesterol and 
triglycerides, insulin resistance, and hypertension.  The future health of the nation is at the mercy 
of today?s youth. Childhood obesity trends can be reversed, but investments in effective nutrition 
intervention programs and policies need to be made (Trust for America?s Health, 2012).  To this 
end, BQ was developed as a multicomponent childhood obesity prevention program. BQ 
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emphasized F/V consumption, physical activity, nutrition-related sleep hygiene, and family 
involvement. 
The objective of this study was to promote F/V consumption of third grade students (n = 
2,477) throughout Alabama, a state characterized by high rates of poverty and obesity. All 
students attended rural schools with 50% or more of the students participating in FRL. Out of the 
60 schools in the study, one-fourth had 90% or more students receiving FRL (Alabama State 
Department of Education, 2011-2012).  
There were three benefits of BQ. First, students could receive one-on-one interaction with 
educators during all 17 classes. Since BQ was based on the Experiential Learning Model, 
students had opportunities to experience, share, process, generalize, and apply nutrition concepts. 
Second, tastings of commonly consumed F/V occurred during each of the 17 classes, and 
mirrored F/V offered during school lunch. These tastings exposed students to F/V that were 
served during lunch, increasing students? awareness of these lunchtime F/V. A third benefit was 
that this research was among the first longitudinal childhood obesity prevention studies to use 
iPad technology in combination with pencil-and-paper activities. Due to this aspect, BQ was 
well-received by school administrations. Students were the biggest winners in that they learned 
nutrition information while using iPad app technology. iPad app education is novel, but 
forthcoming in today?s society. 
The W4L methodology had many advantages. It was easy for students to use, convenient 
for teachers to implement, and simple for educators to code and report data. The W4L form 
allowed educators to capture a snapshot of F/V consumed by students. Students completed 
customized forms immediately following school lunch by simply checking whether they ate 
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listed foods. This allowed elementary students to report food consumption as accurately as 
possible.  
The statistical analyses used in this study also were relatively novel within nutrition 
literature.  Growth modeling examined absolute change and the pattern of change in F/V 
consumptions across the 17 classes.  Many previous studies only examined absolute change by 
observing pre, post, and sometimes mid-time assessments (Anderson et al., 2005; Bere et al., 
2005; Eriksen et al., 2003; McAleese & Rankin, 2007; Moore & Tapper, 2008).  In general, these 
studies missed the opportunity provided by growth modeling to examine patterns in data. For this 
study, patterns of F/V changes were detected. Students increased F/V servings up to C10. 
There are four major findings of this study. First, there were significant increases in both 
F/V consumptions for treatment group students compared to control group students by the end of 
BQ. Interestingly, vegetable consumption increased more than fruit consumption for treatment 
group students. Given that fruit consumption is typically easier to adopt than vegetable 
consumption (Brug et al., 2008), researchers were pleased with this finding.  
Second, there were significant increases in overall F/V consumptions from pre to post for 
treatment group students. At pre, students consumed 2.97 weekly fruit servings and 4.03 weekly 
vegetable servings, resulting in seven weekly combined F/V servings. At post, these students 
consumed 3.31 weekly fruit servings and 4.69 weekly vegetable servings, resulting in eight 
weekly combined F/V servings. These combined F/V totals provide insight on how well students 
were eating school lunch F/V. According to the Traditional Food Based Menu Planning through 
the Child Nutrition Program (USDA, 2011-2012), a minimum of two total F/V must be offered 
each day, totaling a minimum of 10 F/V offered per week. Based on these guidelines, students 
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from this study consumed 70% of the weekly F/V offered at the beginning of the study, and 
increased to 80% of the weekly F/V offered by the end of the study. 
Third, both F/V increases followed similar patterns of change. There were increases in 
both F/V consumptions up to class 10 followed by a stable pattern to the end of the study. This 
suggests programs can be implemented with at least 10 lessons and still report F/V increases. 
Beyond 10 classes, additional significant F/V increases were not found.  
Fourth, some characteristics were found as predictors for F/V consumption for treatment 
group students. Race was found to be a common predictor for both F/V consumptions. Black 
students reported greater F/V consumptions than non-Black students throughout the entire 
intervention. Black children, compared to White children, have a higher risk for obesity and have 
not always shared equally in obesity-related declines (CDC, 2011c).  BQ was able to increase 
F/V consumption of Black students, suggesting BQ can help reduce the disparities gap between 
Black and non-Black students. However, other characteristics did not predict consumption for 
both F/V. For fruits, only students in schools with no FFVP reported significantly lower fruit 
consumption initially. At post, both groups, those with or without FFVP reported similar fruit 
consumptions. This finding suggests nutrition interventions can increase fruit intakes even if the 
FFVP is not present. 
 Results from this study found that gender predicted vegetable consumption for treatment 
group students. Both males and females reported the same consumption at pre, but males 
increased at a higher rate and consumed significantly more vegetables than females at the end of 
the intervention.  These results are inconsistent with the literature.  Other studies have found 
higher vegetable consumption, as well as fruit consumption, among females (Bere, Brug, & 
Klepp, 2007; Brug et al., 2008; Cooke & Wardle, 2005; Wardle et al., 2005). Both males and 
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females participating in BQ received identical education, used the same tools, and were equal in 
number; therefore, researchers are unsure as to why these results are inconsistent with the 
literature. 
Multicomponent childhood obesity prevention programs have effectively increased F/V 
consumption, which can aid in weight management (Anderson et al., 2005; McAleese & Rankin, 
2007; Perry et al., 1997; Perry et al., 2004). In this study, F/V consumption continued to increase 
up to 10 classes, where stabilization was seen with only slight increases thereafter. Hence, this 
study supports long-term education. Other studies have shown inconsistent increases in F/V 
consumptions relative to the duration of education. Increases in both F/V were seen in a study 
conducted for a duration of 12 weeks (McAleese & Rankin, 2007). However, other studies 
showed no increases in F/V when conducted for a longer duration of two years (Parker & Fox, 
2001; Wells & Nelson, 2005). Understanding the role of dosage in the literature is evolving. This 
study adds to that emerging literature to better understand what number of nutrition education 
classes is needed to bring about behavior change. 
 In this study, increases in F/V consumption occurred early, even during the two-week 
pre-assessment period. By C1, the third meeting between educators and students, increases in 
F/V intakes were observed (10% and 21% increases in F/V consumption, respectively), and 
continued as the program proceeded.  This suggests students were eager to increase F/V 
consumption from the beginning. Results from this study indicated that 10 classes, plus an 
additional two weeks of pre-assessment, showed stabilization of both F/V consumptions.  
Previous studies reported difficulty in increasing children?s vegetable intake due to 
predisposition for sweet, rather than bitter, foods. Researchers suggested repeated exposure to 
vegetables could overcome this obstacle (Blanchette & Brug 2005; Wardle et al., 2005). BQ 
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seemed to traverse this obstacle by repeatedly exposing students to vegetables during tastings 
and showed an increase in vegetable consumption. This suggests repeated exposure to disliked 
foods such as vegetables can succeed in increasing vegetable intake in students.  
Using the Experiential Learning Theory allowed students to experience, share, process, 
generalize, and apply information taught during BQ. Using iPads/pencil-and-paper allowed for 
sharing and processing of learned information. Students could generalize and apply this 
information to their own lives while making daily school lunch choices by eating or not eating 
F/V offered during school lunch. 
Limitations    
A typically-used measurement in obesity studies is BMI; however, no anthropometric 
assessments were done to examine body height, weight, or body composition. 
Students self-reported their school lunch F/V intakes, allowing for personal error and 
forgetfulness, even though this was controlled for as much as possible through reporting 
immediately after lunch. Also, inherent to any collection tool, students could have been eager to 
please the tester, altering their actual food consumptions. In addition, the amount eaten was not 
recorded, so students could not clarify if one bite or the entire serving was eaten.  
SES was recorded for each school, but not for each student.  However, all schools 
participating in the study were Supplemental Nutrition Assistance Program-Education eligible. 
In the event the individual SES was obtained, this information could have been useful when 
comparing this study?s findings to other findings.   
Implications for Research and Practice 
 
Findings from this study support school-based childhood obesity prevention programs up 
to 10 classes to increase F/V consumptions of children. In terms of nutrition, programs similar to 
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the current study can aid in the fight against childhood obesity by teaching children the 
importance of a healthy diet, engaging them in nutrition-related activities, and exposing them to 
F/V tastings.  Although this study focused on only one BQ objective, it would be interesting to 
control for other study objectives such as physical activity, nutrition-related sleep behavior, and 
family involvement in future studies.  In addition, a follow-up with the same students during the 
2012-2013 school year would be helpful in determining lasting effects of BQ. Future studies 
need to focus on long-term behavior change to indicate a true adoption of F/V consumption. 
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T a b le 3. 1 . Re su lt s o f  F it ti n g  a T a x o n o m y  o f  M o d e ls f o r De m o g ra p h ic V a ria b les  a s P re d icto rs o f  Ch a n g e  in  F r u it  a n d  V e g e tab le  Co n s u m p ti o n  f o r S tu d e n ts in  T re a tme n t G ro u p   
                  ( n  =  1 , 6 7 4 )  d u rin g  a  1 7 - c las s Bo d y  Qu e st P r o g ra m  
                                     
          Fru it  Co n s u m p ti o n  
                               
                    V e g e ta b l e  Co n s u m p tio n  
 
 Un c o n d iti o n a l  L a te n t                         Co n d iti o n a l  La te n t B a sis  
       B a sis M o d e l                                      M o d e l  w ith  Pre d icto r s   
        (Fi g u r e  3 . 3 )                                      (Fi g u r e s 3. 1,  3. 5 - 3. 7 )                                
  Un c o n d iti o n a l  La te n t                             Co n d iti o n a l  L a te n t B a sis   
            B a sis M o d e l                                       M o d e l w ith  Pre d ict o r s   
            (Fi g u r e  3 . 4 )                                         (Fi g u r e s 3. 2,  3. 8,  3. 9)  
 
Fi x e d  Effe c ts          
  In terc e p t
a  
3 . 3 1  ( 0 . 0 3 ) * * *   3 . 3 2  ( 0 . 0 3 ) * * *  4 . 6 9  ( 0 . 0 6 ) * * *   4 . 8 1  ( 0 . 1 5 ) * * *  
  G e n d e r (F e m a le)  -   0 . 0 1  ( 0 . 0 5 )  -   - 0 . 2 1  ( 0 . 1 1 ) *  
0 . 2 7  ( 0 . 1 3 ) *  
- 0 . 1 9  ( 0 . 1 4 )  
  Ra c e  (Blac k )  -   0 . 2 6  ( 0 . 0 7 ) * * *  
- 0 . 4 2  ( 0 . 0 7 ) * * *  
-   
  F RL  -   -   
F F VP  -   0 . 1 2  ( 0 . 0 6 )`  -   - 0 . 0 8  ( 0 . 1 1 )  
  S lo p e
b
 0 . 3 5  ( 0 . 0 4 ) * * *   0 . 3 7  ( 0 . 0 4 ) * * *  0 . 6 6  ( 0 . 0 6 ) * * *   0 . 9 1  ( 0 . 1 6 ) * * *  
  G e n d e r (F e m a le)  -   - 0 . 0 5  ( 0 . 0 7 )  
- 0 . 1 0  ( 0 . 0 9 )  
0 . 0 7  ( 0 . 0 9 )  
-   - 0 . 2 4  ( 0 . 1 1 ) *  
- 0 . 0 8  ( 0 . 1 4 )  
- 0 . 0 9  ( 0 . 1 4 )  
  Ra c e  (Blac k )  -   -   
  F RL  -   -   
  F F VP  -   - 0 . 3 1  ( 0 . 0 8 ) * * *  -   - 0 . 2 0  ( 0 . 1 2 )  
  V a rian c e           
      In terc e p t
a
 0 . 8 4  ( 0 . 0 5 ) * * *   0 . 7 5  ( 0 . 0 5 ) * * *  3 . 2 7  ( 0 . 1 8 ) * * *   3 . 4 4  ( 0 . 1 9 ) * * *  
    S l o p e
b
 0 . 6 1  ( 0 . 0 8 ) * * *   0 . 6 1  ( 0 . 0 8 ) * * *  
0 . 3 3  ( 0 . 0 5 ) * * *  
2 . 0 1  ( 0 . 2 5 ) * * *   2 . 1 1  ( 0 . 2 6 ) * * *  
1 . 5 5  ( 0 . 1 9 ) * * *  Co v a rian c e   0 . 2 8  ( 0 . 0 5 ) * * *   1 . 3 5  ( 0 . 1 9 ) * * *   
M o d e l F it          
     A IC  3 1 4 9 8 . 1 2   3 9 8 6 7 . 1 8  
4 0 0 4 6 . 1 4  
2 1 6 . 2 1  ( 5 7 )  
3 2 1 . 9 3  ( 8 ) * * *  
0 . 9 5  
0 . 9 5  
0 . 0 4  ( 0 . 9 9 )  
0 . 0 4  
4 4 3 4 8 . 4 9   5 3 0 0 0 . 2 1  
5 3 1 8 4 . 5 9  
2 9 7 . 3 0  ( 5 6 )  
3 3 . 1 8  (8 )* * *  
0 . 9 4  
0 . 9 4  
0 . 0 5  ( 0 . 4 0 )  
0 . 0 4  
     BIC  3 1 5 5 7 . 7 8   4 4 4 0 8 . 1 4   
     C h i S q u a re  ( d f )  1 1 8 . 7 8  ( 3 3 )   2 0 5 . 0 6  ( 3 3 )   
     W a ld  ??  
2
T e st ( ?d f )  -   -   
     CF I  0 . 9 7   0 . 9 6   
     TLI  0 . 9 8   0 . 9 6   
     R M S EA  (S ig )  0 . 0 4  ( 0 . 9 9 )   0 . 0 6  ( 0 . 0 9 )   
     S RM R  0 . 0 5   0 . 0 5   
R
2
         
     I n terc e p t  -   1 1 . 3  
4 . 3  
-   1 . 6  
1 . 2       S l o p e  -   -   
 
F RL  in d ica tes  F re e  a n d  Re d u c e d - p rice  L u n c h ; F F VP ,  F re sh  F r u it  a n d  V e g e tab le P ro g ra m ; A IC,  Ak a ik e ; BIC, Ba y e sia n ; d f ,  d e g re e s o f f re e d o m ; CF I,  Co m p a ra ti v e  F it  
In d e x ; T L I,  T u c k e r Le w is In d e x ; RM S EA , Ro o t M e a n  S q u a re  Err o r o f  A p p ro x ima ti o n ; S R M R ,  S tan d a rd ize d  R o o t M e a n  S q u a re  Re si d u a l .  
a 
F in a l sta t u s at P o st; 
b 
Ra te o f  c h a n g e  b e tw e e n  P re  a n d  P o st .  
` p <  . 1 0 ,  * p  < . 0 5 ,  * * p  < . 0 1 ,  * * *  p  < . 0 0 1  
No te: Ne g a ti v e  v a lu e s in d ica te as so c iatio n s o f  th e  p re d icto r w it h  t h e  in terc e p t o r  slo p e ,  b u t a re  n o t d i re c tl y  in terp re ted  f o r th is  tab le. I n terp re tatio n s ca n  b e  m a d e  f o r th e se  
p re d icto rs  v ia F ig u re s 3 . 1 - 3 . 9 .  
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Illustration 3.1. What?s for Lunch form customized with food items from the school lunch 
menu. 
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a Data analyzed by conditional growth modeling. 
Significance of intercept (post, p<.01); significance of slope (Rate of change, p<.001). 
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Figure 3.1. Changes in fruit consumption of third grade students in treatment (n = 1,674) and 
control (n = 803) groups participating in a 17-class Body Quest program.a 
44 
 
 
 
 
a Data analyzed by conditional growth modeling. 
Significance of intercept (post, p<.001); significance of slope (Rate of change, p<.001). 
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Figure 1. Changes in fruit consumption of third grade students in treatment (n = 
1,674) and control (n = 803) groups participating in a 17-class Body Quest Program. m.
Figure 3.2. Changes in vegetable consumption of third grade students in treatment  
(n = 1,674) and control (n = 803) groups participating in a 17-class Body Quest program.a 
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a Data analyzed by unconditional growth modeling. 
Significance of intercept (post, p<.001); significance of slope (Rate of change, p<.001). 
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Figure 3.3. Changes in fruit consumption of third grade students the in treatment group (n = 
1,674) participating in a 17-class Body Quest program.a 
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a Data analyzed by unconditional growth modeling. 
Significance of intercept (post, p<.001); significance of slope (Rate of change, p<.001). 
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Figure 3.4. Changes in vegetable consumption of third grade students in the treatment  
Group (n = 1,674) participating in a 17-class Body Quest program.a 
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a Data analyzed by conditional growth modeling. 
Significance of intercept (post, p<.001); slope is insignificant. 
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Figure 3.5. Changes in fruit consumption using race as a predictor for third grade students 
in the treatment group (n = 1,674) of a 17-class Body Quest program.a 
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FRL indicates Free and Reduced-price Lunch; Low FRL, 50-74%; High FRL, 75-100%. 
a Data analyzed by conditional growth modeling. 
Significance of intercept (post, p<.001); slope is insignificant. 
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Figure 3.6. Changes in fruit consumption using FRL as a predictor for third grade students in 
the treatment group (n = 1,674) of a 17-class Body Quest program.a 
 
49 
 
 
 
 
 
 
 
FFVP indicates Fresh Fruit and Vegetable Program. 
a Data analyzed by conditional growth modeling. 
Insignificant intercept; significance of slope (Rate of change, p<.001). 
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Figure 3.7. Changes in fruit consumption using FFVP as a predictor for third grade students in 
the treatment group (n = 1,674) of a 17-class Body Quest program.a 
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a Data analyzed by conditional growth modeling. 
Significance of intercept (post, p<.05); significance of slope (Rate of change, p<.05). 
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Figure 3.8. Changes in vegetable consumption using gender as a predictor for third grade 
students in the treatment group (n = 1,674) of a 17-class Body Quest program.a 
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a Data analyzed by conditional growth modeling. 
Significance of intercept (post, p<.05); slope is insignificant. 
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Figure 3.9. Changes in vegetable consumption using race as a predictor for third grade students 
in the treatment group (n = 1,674) of a 17-class Body Quest program.a 
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Chapter 4 
Summary of Findings 
 After growth modeling analyses were conducted, significant increases in both F/V 
consumptions were observed among third grade students in the treatment group compared to the 
control group. These increases were observed in two ways. The first significant increase is 
evidenced by a significant rate of change in both F/V consumptions of the treatment group 
between pre1 and post2. The second significant increase is observed when comparing pre1 F/V 
consumptions to post2 F/V consumptions in the treatment group. 
 A latent basis model was used to analyze F/V consumptions across the entire program.  
When analyzing only the treatment group with no predictors (unconditional), the majority of 
change in F/V consumptions occurred by the tenth class, 98% of change for vegetables and 90% 
of change for fruits.  Childhood obesity prevention programs can be implemented for at least 10 
classes and observe F/V increases. 
When analyzing the treatment group with predictors (conditional), gender, race, FRL, and 
FFVP were found to predict the F/V consumptions of students.  Gender significantly predicted 
the intercept and slope (rate of change) in only vegetable consumption.  Males reported higher 
vegetable consumption compared to females.  Race was the only predictor common in both F/V 
consumptions.  Race significantly predicted the intercept, but not the slope of F/V consumptions.  
Black students reported higher F/V consumptions than non-Black students.  FRL significantly 
predicted the intercept of fruit consumption.  Students attending schools with a higher percentage 
of FRL reported higher fruit consumption than those attending schools with a lower percentage 
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of FRL.  FFVP significantly predicted the slope, but not the intercept of fruit consumption.  
Students attending schools that did not participate in the FFVP reported lower fruit consumption 
at the beginning of the study, but caught up to the consumption of those attending schools that 
did participate in the FFVP. 
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Alab am a Coun tie s an d  S c h ools P ar tic ip at in g in  B od y Qu e st du r i n g 201 1 - 2012 S c h ool Ye ar  
B a rbou r Count y   
 B a rbou r Count y  I nter me diate  S c hool  
B ibb C ount y  
 W oodst oc k Ele menta r y  
B ull oc k Cou nt y  
 Union S pr ing s Eleme nta r y  
B utl e r Count y  
 Gr e e nvil le Ele me ntar y   
 Ge or g iana  Eleme ntar y  
C a lhoun C ount y  
 P iedmont El e menta r y  
 C obb Eleme ntar y  
C onst a nti ne  Eleme ntar y  
C ha mber s C ount y  
 Ea sts ide E leme ntar y  
C he roke e  C ount y  
 C e ntre  Eleme ntar y  
C hil ton C ount y  
 Maple svil le H ig h S c hool  
C lar ke  C ount y  
 Thoma svi ll e  Eleme ntar y  
J a c kson I nter m e diate  
C la y  C ount y  
 Ashla nd Eleme ntar y  
 
 
C lebur ne  C ount y  
 C lebur ne  Eleme nta r y  
 P lea sa nt Gr ove  Elem e nta r y  
C of fe e  C ount y  
 Kinst on S c hool  
 Ne w B roc kton El e ment a r y  
C one c uh Co unt y  
 Eve r g re e n Ele menta r y  
 C one c uh Co unt y  J unior H ig h S c hool  
C oosa C ount y  
 C e ntra l El e menta r y  
C oving ton C ount y  
 S tra ug hn Elem e ntar y  
 R e d L e ve l El e menta r y  
C re nshaw  C ount y  
 Hig hland H om e  S c hool  
C ull man Count y  
 W e lt i El e menta r y  
 P a rkside  Eleme ntar y  
Da ll a s C ount y  
 Mea dowvie w El e menta r y  
F ive Poi nts El e menta r y  
De ka lb C ount y  
 He na g a r J unior H ig h  
 C oll insvi l le Ele menta r y  
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F ra nkli n Cou nt y  
 R e d B a y  Elem e ntar y  
Tha rptow n Ele menta r y   
Ge ne va  C ount y  
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Gr e e n e  C ount y  
 Euta w Prim a r y  
 P a ra mount  J unior H ig h  
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 C la y svil le Ele menta r y  
Union Gr ove  
P icke ns C ount y  
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 Houston Eleme ntar y  
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