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ABSTRACT 
 

Childhood obesity is increasing in all ethnic groups especially in nonwhite populations.  

Inadequate intake of fruits and vegetables (FV) has been associated with childhood 

obesity.  FV were a prominent part of traditional diets of Pacific Islanders as in Guam. 

Intake of FV, among children, is lower than recommendations by national guidelines.  

Culture provides the context of meaning for individual behaviors and is, therefore, a 

critical element to influential behavioral interventions, such as FV intake, mediated by 

FV preference. A natural experiment was conducted where children were recruited from 

preexisting summer camp programs in Guam: a cultural immersion camp (CIC), 

university day camp (UDC), and a recreational sport camp (RSC). The objectives were 

to examine the influence of cultural immersion on willingness to try FV and FV intake 

among children, ages 3-12 y, in Guam. Outcomes were assessed before and after 

camp using previously validated assessment tools completed by children: the Adapted 

WillTry tool and the 2-day mobile food record (mFR), respectively. The Adapted WillTry 

and mFR were tested in advance for validity and feasibility among children in Guam and 

are described in this dissertation. Multiple linear regression analyses were performed to 

examine if differences in the Adapted WillTry local novel FV score and local common 

FV score after experiences at each summer camp were present.  These analyses were 

adjusted for pre- assessment, sex, age, ethnicity, body mass index, lesson and camp 

dose, and parent’s cultural affiliation. Data (e.g., heights, weights) from the Guam Head 

Start Program were analyzed to determine early childhood overweight and obesity 

prevalence in Guam. This dissertation informs approaches to promoting FV intake 

among children in the Pacific that can easily be integrated into existing childhood 
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programs. Improving children’s diets holds promise for reducing obesity rates. The 

ability to assess these outcomes will come closer to reality with the initiation of publicly 

available systems to monitor obesity rates.
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CHAPTER 1. DISSERTATION OVERVIEW 

1.1. Introduction 

Childhood obesity is increasing in all ethnic groups with a notably greater prevalence in 

most nonwhite populations1. The US Affiliated Pacific Islands (USAPI), including Guam, 

are no exception2. Yet, the full burden of this problem is not completely known due to 

limited publicly available data in Guam. Accessing the limited data available in Guam, 

the childhood overweight and obesity prevalence in 2011 among 5-18 year olds was 

38.5%3 and was similar to prevalence rates from the National Health and Nutrition 

Examination Survey 2011-2012 among non-Hispanic Black (35.2%) and Hispanic 

(38.9%) children of similar age ranges4.  

 

The high prevalence of overweight and obesity reflects a shift in energy balance where 

energy intake has increased as diets have departed from the traditional food systems 

(e.g., high in plant-based foods) in the Pacific5-9. Throughout the USAPI fruits and 

vegetables (FV) were a prominent part of traditional diets5,6. The USAPI have a complex 

legacy of legal and political associations due to colonialism10. In pursuit of trade and 

strategic interest, most of the territorial acquisitions in the Pacific have influenced the 

cultures, identity, sovereignty, foods, and customs of the indigenous peoples. This is 

also true for Guam, a United States (US) territory accounting for one of the Marianas 

Islands located in the northwestern Pacific region of Micronesia. Colonization occurred 

over several long time periods: the Spanish Era between 1668-1898, the US claimed 

sovereignty of Guam 1898-1941and Guam was a naval station, World War II (WWII) 

Japanese Era from 1941-1944, and Post War/American Era during 1944-19508. Over 

three centuries of colonial rule eroded and attributed to the loss of Chamorro culture, 

land, identity, sovereignty, and power8,11. The pivotal historical eras contributing to the 

socio-cultural, political, economic, and demographic influenced and along with 

globalization continue to influence dietary behavior changes in Guam that parallel the 

nutrition transition.  

 

The diets of Chamorros, the indigenous people of the Marianas Islands, were 

predominantly plant-based and included taro, yams, breadfruit, bananas, cassava, 
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coconut, and fish12. During the Spanish Era, Chamorros underwent their most violent 

and drastic transformation with the establishment of a Catholic mission aimed to convert 

the Chamorro people often times using violent force8. In addition to Catholicism, 

Chamorros adopted Spanish attire, dances, language, and food. The Spanish 

introduced pigs, chickens, cats, dogs, deer, quail, and cattle to the food environment8. 

Local foods were also incorporated into Spanish dishes aligned with the value of 

infa’maolek (restoration of harmony) and are still consumed today, like the tatiyås in 

Chamorro or tortilla in Spanish, which is a type of flat bread. Today, Chamorros are 

renowned for fiestas, which are large village parties that honor Catholic patron village 

saints. Despite the label, fiestas, having Spanish origins that organize the schedule for 

which these celebrations take place, Chamorros had regular religious parties prior to 

colonization12. Neither Spanish or borrowed, Chamorros had regular parties throughout 

the year to honor and celebrate the spirits of their ancestors in addition to weddings and 

funerals12. Moreover, food has always been at the center of these celebrations. 

Chamorros, then and now, value sharing food although the kinds of food shared and 

celebrations differ. After World War II the Chamorro diet began to shift from a traditional 

food system of locally grown and sourced foods (e.g. hunting and gathering) involving 

traditional practices to imported food such as rice and highly processed canned goods, 

such as Spam, corned beef, and Vienna sausage13. 

 

Data on dietary intake of children in Guam and the Pacific Islands, although limited, is 

comparable to children in the US14-16. Pobocik et al5 found that diets of fifth grade 

children in Guam were low in FV and high in excess energy, fat, and sugar. Children’s 

FV intakes have been reported to be lower than recommendations outlined by Healthy 

People 2010 and the U.S. Dietary Guidelines 20105,14-16. A large body of evidence 

suggests there are many health benefits associated with a diet high in FV and some 

studies show an association with lower risk of overweight in children14-16. Inadequate FV 

intake has been associated with childhood overweight and obesity17; therefore, 

promoting FV intake may be an effective element for overweight and obesity prevention 

among children in Guam14. Furthermore, interventions to change dietary behavior (i.e., 
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FV intake) within a cultural context involving indigenous values has the potential to be 

relevant and/or appropriate among indigenous populations, such as Chamorros. 

 

Preventing Obesity and promoting health via changes in dietary behaviors that are 

based on retaining and revitalizing ways to use traditional foods, excluding others, 

and/or consuming new foods are multidimensional, dynamic, and complex. To address 

these issues, this dissertation addresses three components of childhood overweight and 

obesity in Guam through four studies. The first component is the evaluation of two 

assessment methods with children which were used to evaluate (i.e., Chapter 3 and 

Chapter 4) the intervention in this dissertation. The second component focuses on a 

intervention involving pre-existing community programs, the Traditions study, that was 

designed to examine the influence of a cultural immersion program, with the addition of 

culturally relevant nutrition lessons featuring local foods conducted in Guam. This 

natural experiment (i.e., Chapter 5) compared outcomes between a cultural immersion 

summer camp (CIC), university summer day camp (UDC), and recreational sports 

summer camp (RSC, control). The third component (i.e., Chapter 6) established 

potentially sustainable activities with the Guam Head Start Program to address the lack 

of available data to monitor the burden of obesity in Guam. 

 

1.2. Problem statement 

Differences in the prevalence of childhood obesity among ethnic groups are complex 

and likely involve physiology, culture, environment (e.g. diet) and interactions among 

these factors1,9. This dissertation complements the Children’s Healthy Living (CHL) 

objective for increasing FV intake18-20, and the CHL approach of integrating of culture21, 

as well as, aligns with CHL’s community-based program approach of adopting methods 

that support local culture21,22. CHL is a childhood obesity prevention program designed 

for populations throughout the Pacific that is described in detail elsewhere21. Promoting 

these objectives holds promise for addressing the childhood obesity disparities among 

indigenous populations. Similar to CHL, this dissertation seeks to fill the research gaps 

addressing FV consumption of young children in Guam involving novel assessments 

and existing community programs, as well as, creating partnerships with existing 
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programs routinely collecting anthropometric data in Guam to draft a public 

dissemination strategy. These activities will guide health policy that will shape a future 

data monitoring system, which supports the CHL program. 

 

1.3. Objectives of this dissertation 

1.3.1. Objective 1: determine whether the WillTry tool, previously validated in rural, 

southern US children 5-14 years of age23, would be a valid primary evaluation 

tool among children between 3-11 years in Guam.  

1.3.2. Objective 2: determine if children 3-10 years old can capture usable image pairs 

using the mFR, previously tested with 11-18 year olds24,25, to capture eating 

occasions.  

1.3.3. Objective 3: examine the influence of Chamorro cultural immersion on children’s 

willingness to try local FV and FV intake in Guam. 

1.3.4. Objective 4: determine the most recent estimates of overweight and obesity 

prevalence and trends among young children registered in the Guam Head Start 

Program for school years 2008-2014. 
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CHAPTER 2. LITERATURE REVIEW 

2.1. Contributors to childhood obesity 

Energy imbalance due to excessive energy intake and inadequate energy expenditure 

at the population level is considered the root factor lending to the obesity epidemic. 

Although seemingly straightforward, the factors that influence both energy intake and 

expenditure are complex and interrelated1. Factors that influence childhood obesity 

patterns involve changes and interactions among social, economic, cultural, 

environmental, and policy contexts. Some of the changes include the increasing 

population diversity of the United States (US), the influence of cultural views, and 

marketing patterns1. In Guam, many of the social and cultural characteristics the US 

population has come to accept as a normal way of life (e.g., both parents working 

outside the home and/or working longer hours and more meals eaten outside the home) 

collectively contribute to the growing levels of childhood obesity. Since WWII, the 

population has changed considerably so that Guam is characterized by substantial 

ethnic diversity: 37.3% Chamorro, 26.2% Filipino, 11.5% other Micronesian, 7.0% 

White, 6.0% other Asian and 12.0% other race or mixed ethnicity/race 2. Chamorro diet 

and lifestyle alike have changed overtime from an agrarian to a service and information 

society lending to dietary changes 3,4. Even prior to WWII the three centuries of 

colonization displaced Chamorros from their land with few options to have opportunities 

in the global economy, and even fewer options to maintain a traditional Chamorro 

livelihood. 

 

These changes can be understood as the nutrition transition whose patterns are shown 

in Figure 2.1. The nutrition transition is comprised of five patterns describing shifts in 

diet influenced by food sources, modes of processing and distribution, physical activity, 

and socioeconomic status 5. The nutrition transition is characterized by increases in 

consumption of energy-dense and highly processed foods, decreases in consumption of 

fruits and vegetables (FV), and whole grains, and increases in away-from home eating 

and snacking6. The disparities in obesity prevalence among certain ethnic groups may 

indicate conditions conducive to a greater likelihood of adopting unfavorable lifestyles. 
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Consequent preventive strategies will need to understand and assess the particular sets 

of circumstances that promote such lifestyles1. 

 

An important contributor to energy imbalance is the trend toward convenience across all 

age groups of children, where convenience applies to environments where access to 

high energy foods is made easier with the shift in food and transportation technologies 

and made more available with the increase in fast food restaurants and processed 

foods1. Reported intakes of FV among children are lower than recommended daily 

amounts outlined by Healthy People 2010 and the U.S. Dietary Guidelines 20107-9. 

Available data on food intake of children and adolescents in Guam and throughout the 

Pacific Islands, although limited, is comparable to children in the US10-12.  

  

2.2. Determinants of fruit and vegetable (FV) Intake 

Potential determinants for FV intake are role-modeling, peer influences, and 

accessibility/availability in the home 13,14. All are influenced by cultural factors through 

varying rules and conditions of consumption, beliefs, meal preparation, and meal 

preferences between cultures 15. One of the key determinants of FV consumption 

among children and adolescents best supported by evidence includes preference 16.  An 

important mediator in predicting FV consumption in children appears to be a preference 

for FV or children’s willingness to try FV. Factors that influence the formation of 

children’s food preferences are, but not limited to, early infant feeding experiences (e.g., 

breastmilk, formula), predispositions related to neophobia and physiologic conditioning, 

and learned experiences (e.g., repeated exposures to foods, influences from media, 

child-feeding strategies, and modeling) 17-19. A child’s early experiences with food and 

food acceptance is central to food preference, hence FV intake. Interventions aimed to 

alter food preferences are lacking.  

 

Early choices and development of preferences builds desire for particular foods in 

adulthood. Preferences are developed through the exposure of a variety of foods, 

textures, tastes, and flavors 20. Children ages 2 to 7y often reject unfamiliar foods and 

are more likely to eat what they like and know 21. A longitudinal cohort study 22examined 
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changes in eating patterns and food choices among students’ in Minnesota, from the 

third to the eighth grade. Researchers found consumption of fruits and vegetables 

steadily declined with a statistically significant change between the 5th and 8th grades. At 

baseline more than half of all students consumed less than ¼ cup of both fruits and 

vegetables per day22.  Since inadequate FV intake has been associated with childhood 

overweight and obesity 23, research on interventions to improve FV dietary behaviors 

that include young children is warranted. FV preferences and behaviors established in 

childhood are likely to continue into adulthood24,25. 

 

2.3. Methods for assessing willingness to try FV, or preference, among children 

A child’s preference is one of the key determinants of FV consumption that is supported 

by evidence 19 and measuring a child’s food preference is considered to be a proxy for 

the actual behavior 24,25. The “taste and rate” method 24,26 is ideal when a laboratory is 

available. Alternatively, a pictorial method for evaluating liking of familiar FV items has 

been validated in larger samples of young children (e.g., preschool classrooms)27.   

 

Young children often eat what they are familiar with or like. Validated instruments 

designed and used to measure food neophobia and willingness to try new foods of 

specific populations of children, like the Questionnaire pour Enfant de Ne´ophobie 

Alimentaire (QENA) and the Food Situations Questionnaire (FSQ), have been 

useful15,28. Both instruments were self-administered, yet the FSQ was designed for 7 to 

12 year olds in North America and the QENA was designed for French-speaking 

children 5 to 8 years old in France. Furthermore, the FSQ items describe situations 

likely to be familiar to them and employ age-appropriate vocabulary and the QENA 

evaluates food neophobia in a specific cultural context among French children. Prior to 

these questionnaires, assessments of children’s food neophobia and willingness to try 

new foods used parental reports28.  

 

Lastly, the WillTry tool is an interview-administered psychometric tool designed to 

measure children’s self-reported willingness to try fruits and vegetables (both novel and 

common) that has been previously validated in African American children, 5 to 14 years 
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old, in the rural Lower Mississippi Delta29. Only the WillTry tool was deemed useful for 

the Traditions study because the other assessment tools were relevant to a limited age 

range, included culturally irrelevant foods that could not be adapted or modified, or were 

self-administered.  A self-administered instrument is not ideal for children as young as 3 

years, who were included in the Traditions study, related to low-literacy levels and 

limited writing skills. 

 

The specific food items of the original WillTry were designed to be adaptable to test 

specific foods of interest. All specific food item questions are accompanied by an image 

of the corresponding food, whereas other scales are word-based. Pictorial methods for 

measuring food preference are ideal because they can be easily administered to large 

groups of children and do not require food preparation30. This method also enhances 

feasibility for the WillTry for young children27. Overall, the WillTry had a sufficient 

predictive validity demonstrating that children’s responses of willingness to try indeed 

corresponded with tasting the food. For the Traditions study, the WillTry was adapted, 

as Adapted WillTry, to include fruits and vegetables (novel and common) unique to 

Guam and is further described in Chapter 2. 

 

2.4. Methods for assessing FV intake among children 

Assessing children’s FV consumption is challenging. Developmental stages add to the 

complexity of deciding whether to gather information from the parent, the child, or both. 

Previous studies provide evidence of methods that provided the most accurate estimate 

of energy intake and can be used to inform methods to capture FV consumption31. A 

review of dietary assessment methods for children found that for young children, ages 

0.5 to 11y, parent reports were most accurate. Adolescents, ages 16y and older, could 

accurately report diet histories31. A recommended method for 12 to 15 year olds did not 

emerge from this review. New image-based dietary assessment methods using mobile 

devices, such as the mobile food record (mFR), have been shown to be a useful 

method for adolescents 11 to 18 years old32,33. Briefly, participants would use the mFR 

application available on a mobile device to capture images of their foods and beverages 

before and after eating. Image analysis, by technology-assisted methods or a trained 
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analyst, can be used to identify the food in the image and the use of a fiducial marker 

(included in the image, explained later) can estimate volume of food consumed33. In 

addition to real-time data collection, this method eliminates reliance on the respondent’s 

memory, proxy reports, and ability to write and/or estimate portion33. Therefore, this 

method addresses many barriers inherent when working with children and complements 

the focus of the Traditions study, which is to assess children’s self-reported FV intake.  

 

This dietary assessment method is not without limitations. When adolescents used the 

mFR they reported that it was a challenge to include all items in the image related to 

their short-stature or seating arrangement where they had their meal. Young children 

inevitably may experience the same challenge; however, adolescents still perceived that 

capturing images with the mFR was easy despite having to adjust their position, 

including standing on their feet or on a chair, instead of remaining seated 32. The 

greatest limitation, to-date, is that the mFR has not been used by young children to self-

report FV intake in a community dwelling. One of the objectives of this dissertation is to 

examine the feasibility of using the mFR to capture a usable image at eating occasions 

and, furthermore, describe the usability of the mFR by young children to capture their 

dietary intake.  

 

2.5. Interventions to promote FV intake and/or preference among children  

Sociocultural factors, including ethnic identity, traditional dietary habits, and cross-

cultural significance of foods are important socio-ecological influences of food 

intakes1,34. The socio-ecological model (SEM) is a useful framework that has guided 

obesity interventions to attend to the complex multi-faceted system that affects obesity, 

and  behaviors such as  FV intake, as well as, guide approaches to reduce the disparity 

between races and ethnic groups1. Furthermore, the SEM framework has been adapted 

for understanding obesity in children and youth by the Institute of Medicine’s (IOM) 

Committee on Prevention of Obesity in Children and Youth, which identifies leverage 

points within and across multiple settings and sectors for obesity prevention1. 
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A workshop on Obesity Prevention and Control Strategies in the Pacific identified 

specifically that obesity prevention programs aim to restore, as much as possible, 

traditional methods of food preparation, processing and preservation using locally grown 

products, and to increase physical activity. Other aims were to promote positive 

behaviors by addressing behavioral determinants through promotion of personal 

awareness, attitudes, beliefs, and skills that motivate and enable people to make 

appropriate changes 35. Furthermore, the nutrition transition identifies culture as one of 

the driving factors throughout the five patterns shown in Figure 2.1., including the final 

pattern 5, “Desired Societal/Behavioral Change5.” Cultural interventions that focus on 

food systems to increase FV consumption among children are an important public 

health approach to explore for childhood obesity prevention; yet studies in this area are 

lacking 36. 

 

Intervention approaches among indigenous populations with positive health outcomes 

have valued culturally relevant programs37-39. Common intervention strategies for 

children were FV specific or general nutrition lessons, FV exposure or tasting, and peer 

modeling in school or camp settings37,40,41. Culturally adapted programs for children had 

positive dietary outcomes, i.e., increasing FV intake and/or preference. Less is known of 

how culturally adapted programs would work in Guam; yet, one study found that 

modifying a curriculum designed for children in the U.S. mainland to be culturally 

relevant for Guam was feasible and warranted36.  

 

Potential determinants for FV intake among children are role modeling, peer influences, 

and accessibility and availability in the home1,34. All are influenced by cultural factors 

through varying rules and conditions of consumption, beliefs, meal preparation, and 

meal preferences13,15. A child’s preference for FV has shown to be an adequate 

indicator of FV consumption42. Children like and eat what is familiar and present in their 

environment. A child’s early experiences with foods help to shape food (e.g., FV) 

preference. Culture provides the context of meaning for individual behaviors and is, 

therefore, a critical element for influential behavioral, such as FV intake, mediated by FV 

preference42,43. For many indigenous peoples, whose traditional food system 44 and 
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cultural practices feature the cultivation of plants for food, food system activities offer an 

environment and opportunities for FV exposure and intake. Traditional diets and 

practices, as well as, a sense of identity or pride among indigenous peoples have been 

shown to protect health45-47. 

 

Cultural immersion programs and moreover community-designed, place-based curricula 

founded upon culture have been shown to increase cultural knowledge48. These 

programs feature the relationships of places, people and the knowledge and practices in 

which indigenous peoples’ identities are reinforced. As such, they create an 

environment, or social space for indigenous cultural revitalization within the dominant 

society. This strengthens aspects of culture that have been weakened, absent, 

undermined, or removed. For Guam, this occurred over the history of multiple colonial 

presences with the last still remaining and transforming Guam into an English-speaking 

U.S. territory. For example in Hawaiʻi, children who participated in a cultural immersion 

school program became fully proficient in the language, as well as full participants in the 

cultural life of their community and were able to graduate from high school to go on to 

college48. Additionally, programs that stress cultural specifics involving experience-

based, hands-on activities, and participating in community activities have been effective 

and innovative approaches to help close achievement gaps for immigrant and 

indigenous populations49-51. In settings that revitalize and support indigenous cultural 

traditions, such as a cultural immersion programs, children may gain an appreciation for 

ethnic identity and a sense of value for traditional practices that support their ethnic 

identity45. In the Hurao Academy, a Chamorro cultural immersion summer program in 

Guam, the mission is to promote and perpetuate the Chamorro language and culture 

through the implementation of immersion where activities are rooted in traditional values 

and practices. Collectively, these data would support the merit of examining the 

influences of cultural immersion on willingness to try FV as no study to-date explored 

this in the Pacific (shown in Table 2.1.).  

 

Opportunities to encourage children to consume FV are dependent on their physical 

and social environments. The physical environment influences what foods are available 
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and accessible18 and the social environment influences novel food acceptance through 

various factors, such as positive role modeling and/or social and cultural norms1,13. 

Children spend a significant amount of time in school and child-care settings making 

these settings ideal environment for educating children about and promoting healthy 

choices52. School-based interventions designed to promote healthy eating and increase 

physical activity have been successful for improving FV intake (e.g., preference, self-

efficacy), nutrition and/or physical activity knowledge, and/or engagement in physical 

activity53-57. Children also spend a significant amount of time in summer programs. 

Within summer camp program settings and staff members are vehicles for healthy 

behavior change by means of delivery of nutrition education and modeling of healthy 

behaviors. Therefore, summer camp programs provide the opportunity to increase 

access to healthy, locally grown foods through activities such as gardening and/or 

nutrition education incorporated into the camp programs.  

 

Summer camps similarly to school have the potential to reach and have an impact on 

children. More than 12,000 day and resident camps exist in the United States and 5,000 

are day camps with approximately 11 million children and adults attending camp 58. In 

the past 10 years, there has been an increase in the use of international staff to expose 

campers to different cultures. Additionally, summer day camps provide an opportunity 

for children to practice at home what they learned from their camp experiences59.  

 

Community-based approaches are suitable for indigenous populations, involving 

processes drawing on the local knowledge to develop interventions that have been 

demonstrated to be successful for islands in the South Pacific 60. In Guam, existing 

summer camp programs are the natural setting within which the multi-arm, parallel 

Traditions study was designed. Natural experiments are appropriate when a resource 

intensive infrastructure is unavailable and the organizations involved were willing to 

incorporate activities to answer the research question 61. Key components of the 

behavioral setting and nutrition education approach represented in this study are 

motivators (i.e. social influences, rewards, personal and cultural values), perceived 
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consequences, self-efficacy, and social and physical environment which are all likely 

influential factors 62. 

 

The conceptual framework guiding the development and delivery of the Traditions study 

described in chapter 3 of this dissertation was based on the framework of the Pro 

Children Project (shown in Figure 2.2.).  This framework applies constructs from 

different behavioral theories and models, such as the SEM and social cognitive theory 

(SCT) that include potential determinants of children’s FV intake at the individual, social, 

and environmental level. The Pro Children framework proposes that determinants of FV 

consumption can be found in the cultural, physical and social environments which in 

turn influence children at the personal level, such as FV preference 63. Furthermore 

creating or encouraging a positive social environment where FV is available at various 

arenas where children spend their time, considering children’s limited food choice 

autonomy, higher preference or intentions and subsequent FV intake can be achieved. 

For the Traditions study, this framework was modified to include the summer camp 

setting as a more proximal physical and social environment influencing children’s FV 

intake and examine local FV that grow in Guam and is part of the traditional food 

system, therefore occupy children’s cultural and physical environment. 

 

2.4. Monitoring childhood overweight and obesity in Guam  

Children are no exception to the overweight and obesity epidemic. Overweight and 

obesity in children 2 to 20 years old are defined as greater than or equal to the 85th 

percentile and the 95th percentile, respectively, using BMI-for-age on the Centers for 

Disease Control and Prevention (CDC) growth charts for boys and girls. In 2011-2012, 

31.8% of children 2 to 19 years old in the US were overweight or obese64. Furthermore, 

there were significant differences in obesity prevalence rates from the National Health 

and Nutrition Examination Survey (NHANES) by race/ethnicity. Among children 2 to 19 

years old 35.2% of non-Hispanic blacks and 38.9% of Hispanics were overweight or 

obese compared with 28.5% of non-Hispanic white children64. Similarly, among children 

3-20 years old enrolled in the Guam Department of Education in 2011, prevalence of 

obesity was estimated to be 23% 65.  Recent childhood overweight or obesity 
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prevalence data among 2 to 5 year olds participating in the Guam Special Supplemental 

Nutrition Program for Women, Infants, and Children (WIC) were estimated to be 52.7% 

in 2009, which was higher than the prevalence of 34.9% in 200866. Similarly, the 2013 

Guam Youth Risk Behavior Survey indicates that among high school students 20% 

were obese whereas in 2011 obesity prevalence was estimated at 15%67.  

 

Overweight children are more likely to become obese adults and more likely to develop 

diabetes and cardiovascular disease at a younger age 68. Above all, obesity is a major 

contributor to the global burden of disease and disability34,69.  More recently, obesity is 

not only prevalent in high-income countries, but also low- and middle-income countries. 

Whereas developing countries are confronted by a double-burden of under- and over-

nutrition in children as malnutrition persists along with a rapid rise in overweight and 

obesity 70,71.   

 

The extent of the global childhood obesity epidemic in Guam is uncertain without a 

surveillance system. Regular measurements of children’s heights and weights are 

conducted in Guam programs, which can be used to calculate body size (i.e., BMI 

percentile). However, these data are not publicly available. These data can be used to 

examine trends in overweight and obesity, as well as, underweight over time as data is 

collected at least once per year. The final component of this dissertation will describe 

the prevalence of early childhood overweight and obesity in Guam using data sets from 

the Guam Head Start Program. The long-term goal (beyond this dissertation) is to 

develop a monitoring system for efficiently compiling and analyzing the data to 

disseminate via a sustainable web-based platform.   
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Table 2.1. Summary of the outcomes of interventions aimed to improve children’s fruit 
and vegetable (FV) intake over 4-12 weeks by setting and level of cultural intervention 
described in detail in Appendix A through Appendix D. 

 
FV 

preference 

Healthy 
eating 

behaviors 

FV intake  
FV asking 
behavior 

Plate 
waste 

(4-11y) 

Proxy-
reported 
(4-5y) 

Self-
reported 
(8-18y) 

Camp setting 
17,41 X X 

 
  X 

School-based 
setting18,20 X  X X X X 

Culturally-
relevant 
curricula36,37,38 

  
 

 X  

Cultural 
immersion 
program 
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Figure 2.1. Patterns of the nutrition transition developed by Barry Popkin5. 
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Figure 2.2. Traditions study conceptual framework adapted from the Pro Children 
Project. The determinants of FV intake within each level supporting the development of 
the Traditions study are circled in orange. Note: “school” is replaced with “summer 
camp” for the Traditions study. 

 
 

 

  

Culture 
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CHAPTER 3. ASSESSMENT OF FRUIT AND VEGETABLE PREFERENCE:  
ADAPTED WILLTRY TOOL 

 
3.1. Introduction to publication 
 
This chapter (Chapter Three) is a reformatted version of the manuscript entitled 

“Adaptation and evaluation of the WillTry tool among children in Guam” in the 

Preventing Chronic Disease, 2014, Volume 11, E142, doe:10.5888/PCD11.140032. 

PMID: 25144677 PMCID: PMC4149325. This chapter presents results from the 

evaluation and adaptation of the previously validated WillTry tool which measures 

children’s preferences for novel and common fruits and vegetables. The study was 

conducted to address Objective 1 of this dissertation, which was to test in advance the 

primary evaluation tool to be used for the Traditions study. 

 
3.2. Adaptation and evaluation of the WillTry tool among children in Guam 
 
Tanisha F Aflague1 

Rachael T Leon Guerrero2 

Carol J Boushey3 

 

1Human Nutrition, Food, and Animal Sciences, University of Hawaiʻi at Mānoa 

2College of Natural and Applied Sciences, University of Guam 

3Epidemiology Department, University of Hawaiʻi Cancer Center 
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3.3. Abstract  

Introduction: Children’s fruit and vegetable (FV) intake is mediated by a preference for 

or willingness to try FV. FV consumption as part of a healthful diet can reduce risk for 

chronic disease and obesity. This study’s primary objective was to evaluate if an 

adapted version of a previously validated WillTry tool would be valid for interventions in 

Guam among children, 3-11 years. The fluid design of the tool allows researchers to 

test foods of interest.  

 

Methods: Adaptations included novel and common FV unique to Guam. Children from 2 

community summer camps were shown images matching the 14 food questions during 

a one-on-one interview and a second 3-72 hours later for reliability. Factor analyses 

determined components of willingness to try FV. Psychometric properties and reliability 

were analyzed.  

 

Results: Sixty-five children completed the first interview and 64 did the second. Factor 

analyses revealed 3 components (scales), i.e., local novel (guava, breadfruit, eggplant, 

sweet sop, star apple, taro leaves), local common (carrot, papaya, long beans, salad 

greens), and imported (apple, canned peaches, canned corn). All but the imported scale 

had sufficient internal consistency (Cronbach’s α>0.69). Each scale had substantial 

reliability (ICC>0.76). There were no significant differences by age, sex, or camp for any 

scale. Mean scores were 2.1 (local novel), 2.4 (local common), and 2.7 (imported) and 

all were significantly different.  

 

Conclusion: The adapted WillTry was culturally relevant and possessed similar 

psychometric properties as the original. An unexpected finding was the tool’s potential 

for documenting the nutrition transition. 
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3.4. Background   

Childhood obesity is increasing in all ethnic and racial groups with a notably greater 

prevalence in most nonwhite populations 1. Differences in prevalence of childhood 

obesity among racial groups are complex, likely involving physiology, culture, 

environment (e.g. diet) and interactions among these factors 1,2. Overweight and obese 

children are at risk for serious chronic illnesses 1. In the US Affiliated Pacific Islands 

(USAPI), including Guam, a state of emergency is declared related to the high 

prevalence of chronic health conditions in both adults and children in these island 

communities 3. The childhood overweight and obesity prevalence in 2011 among 5-18 

year olds in Guam was 38.5% 4 and was similar to prevalence rates from the National 

Health and Nutrition Examination Survey 2009-2010 among non-Hispanic Black 

(39.1%), Hispanic (39.1%), and Mexican American (39.4%) children of similar age 

ranges 5.  

 

The high prevalence of overweight and obesity reflects a shift in energy balance 

whereas energy intake has increased as diets have departed from the traditional food 

systems (e.g., high in plant-based foods) 6-8. Throughout the USAPI fruits and 

vegetables (FV) were a prominent part of the traditional diets 6,7. The USAPI have a 

complex legacy of legal and political associations due to colonialism 9. In pursuit of trade 

and strategic interest, most of the territorial acquisitions in the Pacific influenced the 

cultures, foods, and customs of the indigenous peoples. This is also true for Guam, a 

U.S. territory located in the northwestern Pacific region of Micronesia. The diverse 

population is comprised of 37.3% Chamorro, 26.2% Filipino, 11.5% other Micronesian, 

7.0% White, 6.0% other Asian and 12.0% other race or mixed ethnicity/race 10. 

Chamorros, the indigenous peoples of Guam, have changed from an agrarian society to 

a service and information society lending to dietary changes 11,12.  

 

Data on food intake of children in Guam, although limited, is comparable to children of 

other ethnic groups. Pobocik et al.6 found that diets of fifth grade children in Guam were 

low in FV and high in excess energy, fat, and sugar. Children’s FV intakes are reported 

to be lower than recommendations outlined by Healthy People 2010 and the U.S. 
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Dietary Guidelines 2010 6,13-15. A large body of evidence suggests there are many 

health benefits with a diet high in FV and some studies show an association with lower 

risk of overweight in children13,15. Inadequate FV intake has been associated with 

childhood overweight and obesity16; therefore, promoting FV intake may be effective for 

overweight and obesity prevention among children on Guam 13. 

 

One of the key determinants of FV consumption among children best supported by 

evidence includes preference 17. An important mediator in predicting FV consumption in 

children appears to be a preference for FV or willingness to try FV. WillTry is a 

psychometric tool designed to measure children’s self-reported willingness to try FV 

(both novel and common)18. The specific food items of WillTry were originally designed 

to be adaptable to test specific foods of interest. 

 

The primary objective of this study was to determine if the WillTry tool, previously 

validated in rural, southern US children 5-14 years of age18, could be adapted and 

validated for use among children between 3-11 years in Guam. In the event the tool was 

determined to be valid for this population, additional objectives were to assess whether 

differences in willingness to try FV varied by summer campsite, sex, and age. 

 

3.5. Methods 

The limited literature documenting FV consumption in Guam guided the adaptation of 

the 14 specific food item questions designed to be adaptable in the WillTry tool 2,6,7,19. 

Novel (i.e., guava, breadfruit, eggplant, papaya, star apple, sweet sop, taro leaves) and 

common (i.e., local dishes, apple, carrot, canned peaches, long beans, canned corn, 

salad greens) varieties of FV unique to Guam were substituted for the original WillTry 

FV. Table 3.1. is the adapted WillTry showing the specific food item questions.  

 

Data were collected from children registered in preexisting summer day camps in Guam 

during 2013. Children were recruited from two campsites: a cultural immersion summer 

program having 3 to 11 year olds; and a university-based recreational sports camp with 

children ages 5 to 15 years. In the latter camp, only children 5 to 8 years old were 
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recruited. Each camp had full schedules of structured activities and scheduled down 

time. Both summer programs were open to children of all ethnic groups. During drop-off 

or pick-up, parents were asked whether their children could participate in the study. 

Informed consent was obtained from the parents and assent from their children. One 

parent from the sports camp declined the invitation for her child to participate. The 

Human Studies Program University of Hawaii and the University of Guam Institutional 

Review Board approved the study methods. 

 

Parents of the children completed information about the characteristics of the child 

relevant to the administration of the adapted WillTry, such as date of birth, sex, 

ethnicity, language spoken, and religion. The adapted WillTry tool was interview-

administered to all children recruited at each summer camp. Researchers conducted 

one-on-one interviews with the children following a scripted questionnaire. Only English 

was used, except when referring to Chamorro names of local foods. For the 14 specific 

food item questions, the children were shown corresponding color images of each food. 

The images showed how the FV were usually prepared and/or consumed in Guam. All 

children were given an option to complete the interview a second time. The second 

interviews were administered approximately 3-72 hours after the first administration. For 

participation and cooperation, participants received a $5 gift card after the first 

administration of the adapted WillTry. If participants completed the adapted WillTry a 

second time, he/she received another $5 gift card.  

 

3.6. Data analysis 

Data were entered using Microsoft™ Access specifically designed for this study. 

Double-data entry procedures were used and the procedure, PROC COMPARE, in 

SAS®9.3 (SAS Institute, Inc., Cary, NC, 2002-2010) was performed until both data 

entries achieved 100% matching. To determine the food scales represented by the 

adapted WillTry tool, data reduction methods from the original WillTry manuscript 18 

were repeated. Factor analyses were run to determine if the adapted WillTry items 

represented a single dimension or sources of variance representing different 

characteristics of willingness to try FV. The responses for willingness to try were 
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designated as 1=no, 2=maybe, and 3=yes. Each scale was calculated as the total of the 

responses for each item in the scale and each score was calculated as the scale 

divided by the number of items in the scale. Variables were examined for meeting the 

assumptions of a normal distribution and none needed transformation. Quantitative 

variables were examined using means and standard deviations and frequencies were 

completed for categorical variables. Pearson correlations were performed to examine 

the relationships between the scales. Differences in mean responses between the test-

retest and scores were examined using paired t-tests. 

 

Statistical analyses from the original WillTry study 18 were also used to confirm the 

stability of the psychometric properties of the adapted WillTry tool. Cronbach's alpha-

coeffecients and two-way random intraclass correlation coefficients (ICCs) were used to 

assess internal consistency and test-retest reliability, respectively. The general 

guidelines to measure strength of reliability as in the original WillTry manuscript 18 were 

applied as reliability statistic <0.00 poor, 0.00-0.20 slight, 0.21-0.40 fair, 0.41-0.60 

moderate, 0.61-0.80 substantial, and 0.81-1.00 almost perfect. Unless otherwise noted, 

all analyses were completed using SPSS version 21.0.0 (IBM Corporation).  

 

Differences by sex and camp for the adapted WillTry scales and scores were compared 

by independent samples t-test. Ages were divided by tertiles, i.e., 3-5 y, 6-7 y, and 8-11 

y. Differences by age for the adapted WillTry scales and scores were compared by 

ANOVA. Multivariate linear regression was used to evaluate whether each scale and 

score (dependent variables) were associated with sex, campsite, and age (independent 

variables). Statistical significance was set at P<0.05 and reported p-values were two-

sided.  

 

3.7. Results 

Sixty-five children between the ages of 3-11 y consented to participate. Table 3.1. 

shows the participants’ characteristics. Of the children enrolled in the cultural immersion 

summer program (n=33), all completed the first administration of the adapted WillTry 

tool and 32 (97%) completed the retest. Among the children enrolled in the university-
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based sports camp, all (n=32) completed both the test and retest. Of the 65 children, 40 

were girls (3-11 y) and 25 were boys (5-11 y). Parents identified 58 (89%) of the 

children as Chamorro (identified as only Chamorro and/or Chamorro and other 

race/ethnicity), 3 White (5%), 2 Asian (3%), 1 Black (1.5%), and 1 mixed ethnicity/race 

(1.5%).  

 

Factor analysis performed on all the food questions revealed five components (food-

related questions and specific food items), two accounted for 35% and 10% of the total 

variance. The foods with the highest factor loadings (>0.40) in the first component were 

the local foods (i.e., breadfruit, eggplant, salad greens, sweet sop, taro leaves, long 

beans). Next, we restricted factor analysis to three components for the specific food 

items only and removed one food, i.e., local dish. This resulted in three components 

accounting for 40%, 12%, and 8% of the variance. Based on item factor loadings >0.40 

within each component of the latter factor analysis, distinct differences by source (i.e., 

local or imported) and familiarity (i.e., novel or common) emerged. From these 

components, three scales of FV were created and designated as local novel (i.e., 

guava, breadfruit, eggplant, star apple, sweet sop, taro leaves), local common (i.e., 

carrot, papaya, long beans, salad greens), and imported (i.e. apple, canned peaches, 

canned corn). Each scale was statistically significantly (P<0.05) correlated as shown in 

Table 3.2. The scales were not perfectly correlated which supported the conclusion that 

each scale measured different constructs with regard to willingness to try. 

 

The local novel scale included six items with a range of 6 – 18, the local common scale 

was four items with a range of 4 - 12, and the imported food scale was three items 

ranging from 3 – 9. The adapted WillTry scores for each food scale ranged from 1 – 3. 

There were no statistically significant differences in any scale and any score between 

the first and second administration of the adapted WillTry tool. Table 3.3. shows the 

means for all scales and all scores by test and retest.  

 

Internal consistency was performed for each of the three food scales. All but the 

imported food scale had sufficient internal consistency (Cronbach’s α≥0.70) at both test 
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and retest (Table 3.3.). All three scales, local novel, local common, and imported had 

substantial reliability (ICC=0.90, 0.77, and 0.84 respectively; Table 3.3.). When internal 

consistency for the food scales were examined by age tertiles (T1=3-5 y, T2=6-7 y, and 

T3=8-11 y) using the first administration of the adapted WillTry tool, T1 maintained 

sufficient internal consistency for all food scales (Cronbach’s α ranging from 0.74 to 

0.84). Less than optimal Cronbach’s α values were found in the T3 group for the 

imported food scale (0.46) and the T2 group for the imported (0.29) and the local 

common (0.57) scales. For the T2 group all three scales, local novel, local common, 

and imported had substantial reliability (ICC=0.93, 0.87, and 0.95, respectively). T1 and 

the T3 children each had two scales within the substantial reliability range. 

 

Using the first administration of the adapted WillTry tool, the total mean for the local 

novel scale was 12.2 for boys and 12.8 for girls; local common scale was 8.9 for boys 

and 9.9 for girls; and imported scale was 7.9 for boys and 8.2 for girls. The adapted 

WillTry scores for each food scale were 2.0, 2.2, and 2.6 for boys; and 2.1, 2.5, and 2.7 

for girls, respectively. The mean scores and scales by camp and age were similar to 

those found by gender. There were no significant differences found by age, sex, and 

camp. The lack of any significant differences by these characteristics remained even 

after multivariate analyses. However, the overall mean scores for local novel were 

lowest at 2.1 followed by local common at 2.4 (Table 3.3.) and each were significantly 

different (P<0.001). The highest overall mean score, indicating most willing to try was 

the imported score at 2.7, which was statistically significantly higher than both local 

common (P<0.001) and local novel (P<0.0001). 

 

3.8. Discussion 

This study found that the adapted WillTry tool holds similar psychometric properties as 

the original WillTry tool for measuring children’s willingness to try FV (both novel and 

common) in terms of factorial structure, internal consistency, and test-retest reliability 

among younger children within a different population. All but the imported food scale 

had sufficient internal consistency (Cronbach’s α≥0.70), which may be attributed to the 

few items in the scale. The substantial reliability for all but the imported food scale and 
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sufficient internal consistency for all scales among the youngest age group (T1) was a 

noteworthy outcome. The adaptability of the WillTry tool provided the incorporation of 

novel and common foods of research interest. The adapted WillTry tool promises to be 

a useful adjunct for outcome assessment of programs promoting FV consumption 

among children in Guam. An unanticipated result was the creation of the three distinct 

food scales that described dietary patterns outlined by the nutrition transition stages 8 as 

discrete separation of foods by imported and local and this latter food group being 

further delineated by familiarity. The children’s willingness to try novel local foods was 

surprisingly less than their willingness to try imported foods consistent with dependence 

among island cultures on imported foods 2,6,7,11. Some of the possible avenues through 

which children have been introduced to imported foods include supplemental food 

programs such as the Women, Infants, and Children Supplemental Nutrition Program; 

Commodity Supplemental Food Programs; Child and Adult Care Food Program; and the 

National School Lunch Program 20,21. These unexpected attributes of the adapted 

WillTry tool have the potential of providing a tool for monitoring dietary changes and 

making the tool useful for culturally relevant assessment in the Pacific.  

 

In consideration of future use for the adapted WillTry tool, the lack of significant 

differences in willingness to try FV between sex, camp, and age, supports the use of the 

adapted tool to assess the effectiveness of culturally based interventions addressing FV 

consumption. Furthermore, the unanticipated emergence of the three distinct food 

scales – local novel, local common, and imported – elucidated a new concept for use of 

the adapted WillTry tool. The three scales along with the distinct scores associated with 

each scale were consistent with the nutrition transition and dietary acculturation 

processes that highlight the departure of traditional foods 8,22. Thus, interventions to 

improve FV consumption among children in Guam should consider incorporating 

cultural practices and use the adapted WillTry tool with the potential of capturing shifts 

in local food preferences, as well as FV, in general. 

 

The specific food items of the adapted WillTry were selected from limited published 

literature on frequently consumed foods of children and adults in Guam6,7 and culturally 
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relevant modifications of a nutrition curriculum in Guam19. These resources provided 

food lists, one of which was useful and relevant by Pobocik et al 6 that indicated most of 

the reported FV frequently consumed by children (10.8% of foods consumed) were 

processed and notably traditional FV were reported infrequently. Also from this list, the 

top three FV, other than fruit juices, materialized as the unanticipated imported food 

scale. Thus, reflecting a considerable reliance on imported foods as early as 1993-

1994. Definitions of imported and market foods being shipped from elsewhere and 

purchased in a store has become an important concept in understanding the shifts away 

from traditional food systems 23,24.  

 

All foods constructing the local common food scale were also found on the food list 

reported by Pobocik et al 6 and these foods appeared between the 40th and 61st (of 85) 

most frequently consumed foods listed, hence “common.” For this food scale, the “local” 

label was a result of foods being introduced into traditional and local dishes during 

different pivotal colonial periods and are usually featured at cultural celebrations 25. FV 

that made up the local novel scale are foods that have been identified as traditional 

foodstuffs, recommended for use in a culturally relevant nutrition curriculum 19, and/or 

identified on the Guam FV Availability Charts26; coincidently, not listed as a common FV 

for children 6 and, therefore, labeled as “novel.” Aligning with the process of the nutrition 

transition, FV found in the local novel food scale may indeed be novel for children 

despite the seasonal local availability.  

 

There were several strengths of this study, including the use of a previously validated 

tool that was found to be associated with actual consumption patterns of FV among 

children18. An additional strength was that only one child was unavailable to complete 

the retest, thus the numbers for the comparison for test-retest were nearly perfect. The 

youngest children were in early childhood (3-4 years), a group often overlooked due to 

literacy issues and attention span. The adapted short questionnaire administered by an 

interviewer performed well with this understudied age group.  

 



 

49 
 

The study is not without limitations in that a convenient sample was used and may not 

be representative of all children in Guam. Nonetheless, the ethnic profile closely 

matched the ethnic distribution from the 2010 U.S. Guam Census10, supporting 

generalizability. The small sample size may have negatively influenced the 

psychometric properties; however, this may have been overshadowed by the 

homogeneity of the sample from Guam since the psychometric properties’ results were 

fairly robust. The small number of food items in the imported scale likely influenced the 

psychometric properties for that scale. Future adaptations of this tool might consider 

selecting an equal number of imported, local novel, and local common foods if adapting 

the tool for other indigenous populations to explore shifts in dietary patterns.  

 

3.9. Conclusion  

The WillTry tool for assessing children’s willingness to try FV was found to be adaptable 

and was successfully adapted as a culturally relevant tool for use among children in 

Guam between 3-11 years old. An unexpected finding was the tool’s potential for 

documenting the transition from local to imported foods. 
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Table 3.1. Adapted WillTry tool interview-administered with children 3-11 years in Guam 
and the frequency of responses noted in each cell (Test, n=65; Retest, n=64). The 
adaptation was the incorporation of fruits and vegetables common to Guam either 
locally produced or imported, locally produced and uncommon; and local mixed dishes. 

 There are 3 possible responses for the following question. Please answer “Yes,” 
“Maybe,” or “No.” 

 

   Yes Maybe No  

 1. Would you be willing to taste 
a new food if offered? 

Test:  40 
Retest:  42 

21 
19 

4 
3 

 

       
 The following questions refer to where you might be willing to taste a new food.  

Please, answer “Yes,” “Maybe,” or “No.” 
 

   Yes Maybe No  

 a. At home? Test: 42 
Retest: 41 

18 
17 

5 
6 

 

 b. At a relative’s home? Test: 38 
Retest: 33 

16 
19 

11 
12 

 

 c. At a restaurant? Test: 43 
Retest: 44 

11 
15 

11 
5 

 

 d. At school? Test: 42 
Retest: 38 

10 
14 

13 
12 

 

       
 There are 3 possible responses for the following question. Please, answer “Yes,” 

“Maybe,” or “No.” 
 

   Yes Maybe No  

 2. Would you be willing to taste 
a new vegetable? 

Test:  38 
Retest: 42 

16 
8 

11 
4 

 

 3. Would you be willing to taste 
a new fruit? 

Test:  59 
Retest: 51 

5 
9 

1 
4 

 

       
 The following questions will be supported by flash card images – questions 4 – 17. 

Please, answer “Yes,” “Maybe,” or “No.” 
 

   Yes Maybe No  

 4. Would you be willing to taste 
a new dish: e.g. eskabeche, 
tinaktak, kadu? 

Test: 26 
Retest: 32 

21 
16 

18 
16 

 

 5. Would you be willing to taste 
a guava? 

Test: 45 
Retest: 38 

7 
12 

13 
14 

 

 6. Would you be willing to taste 
an apple? 

Test: 61 
Retest: 61 

1 
1 

3 
2 

 

 7. Would you be willing to taste 
breadfruit? 

Test: 30 
Retest: 28 

7 
10 

28 
26 

 

 8. Would you be willing to taste 
a carrot? 

Test: 53 
Retest: 50 

3 
3 

9 
11 

 

 9. Would you be willing to taste 
an eggplant? 

Test: 21 
Retest: 21 

9 
7 

35 
36 
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Table 3.1. (continued) The following questions will be supported by flash card images. 
Please answer “Yes,” “Maybe,” or “No.” 

 10. Would you be willing to taste 
canned peaches? 

Test: 44 
Retest: 44 

7 
7 

14 
13 

 

 11. Would you be willing to taste 
a papaya? 

Test: 38 
Retest: 41 

7 
7 

20 
16 

 

 12. Would you be willing to taste 
a string bean? 

Test: 36 
Retest: 35 

2 
5 

27 
24 

 

 13. Would you be willing to taste 
corn (canned)? 

Test: 54 
Retest: 53 

3 
5 

8 
6 

 

 14. Would you be willing to taste 
a star apple? 

Test: 45 
Retest: 46 

6 
7 

14 
11 

 

 15. Would you be willing to taste 
salad (greens)? 

Test: 42 
Retest: 43 

8 
6 

15 
15 

 

 16. Would you be willing to taste 
sweet sop? 

Test: 22 
Retest: 26 

6 
3 

37 
35 

 

 17. Would you be willing to taste 
taro leaves? 

Test: 27 
Retest: 24 

11 
16 

27 
24 

 

       
 Three responses are provided for the following 2 questions.  

   Eat only 
favorite foods 

Eat most 
foods 

Will eat any 
food offered 

 

 18. Which of these best 
describes you? 

Test: 14 
Retest: 29 

19 
22 

32 
13 

 

 19. Which of these best 
describes your parent 

Test: 41 
Retest: 33 

9 
20 

11 
9 
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Table 3.2. Characteristics of children interviewed to 
complete the adapted WillTry tool from summer camps in 
Guam. 

Characteristic 

Boys 
n=25 
(38%) 

Girls 
n=40 
(62%) 

Total 
n=65 

(100%) 

Campsite n 

 Cultural immersion 
camp 

11 22 33 

 Sports camp 14 18 32 

    

Ethnic group    

 Chamorro, only 11 21 32 

 Chamorro, mixed 9 17 26 

 Other 5 2 7 

    

Age (years), tertiles    

 3-5 3 15 18 

 6-7 16 11 27 

 8-11 9 11 20 
 

 

 

 

Table 3.3. Pearson’s Correlation Coefficient matrix of 
distinct food scales from the adapted WillTry tool 
completed by children (3-11 years) in Guam. 

Scales (1)  (2) (3) 

(1) Local Novel --   

(2) Local Common 
0.668 

(P<0.0001) --  

(3) Imported 
0.389 

(P<0.001) 
0.446 

(P<0.0001) -- 
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Table 3.4. Descriptive statistics and internal consistency and reliability measures for the 
adapted WillTry tool completed by children (3-11 years) in Guam. 

 Test (n=65) 

 Total scale Scorea  Cronbach’s α   

 Mean Median SD mean  test  
  

Local novel scaleb 12.6 12.0 4.00 2.1e  0.84   
Local common scalec 9.5 10.0 2.62 2.4e  0.75   
Imported scaled 8.1 9.0 1.50 2.7e  0.60   

 Retest (n=64) 

 Total scale Scorea  Cronbach’s α  ICC 

 Mean Median SD mean  retest   Test-retest  

Local novel scaleb 12.6 12.0 3.90 2.1e  0.83  0.90f 
Local common scalec 9.6 10.0 2.47 2.4e  0.69  0.77f 
Imported scaled 8.1 9.0 1.32 2.7e  0.47  0.84f 

SD, standard deviation; ICC, Intraclass correlation coefficient (two-way random effects) 
aScore = Total scale mean/number of items in the scale 
bLocal novel scale = guava, breadfruit, eggplant, star apple, sweet sop, and taro leaves (6 
items; range 6-18) 
cLocal common scale= carrot, papaya, string bean, and salad (4 items; range 4-12) 
dImported scale= apple, canned peaches, and canned corn (3 items; range 3-9) 
eP<0.001 
fCorrelation is significant at the 0.0001 level (2-tailed) 
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CHAPTER 4. DIETARY ASSESSMENT FOR CHILDREN 3-10 YEARS OLD:  
MOBILE FOOD RECORD. 

 
4.1. Introduction to publication 
 
This chapter (Chapter Four) is a reformatted version of the manuscript “Feasibility and 

use of the mobile food record (mFR) for capturing eating occasions among children 

ages 3 to 10 years in Guam” intended to be submitted to the Nutrients Journal. This 

chapter presents results of data collected from two samples to determine if children 3 to 

10 years of age could successfully use the mFR to capture (a) usable image pair(s). 

The study was conducted to address Objective 2 of this dissertation, which was to 

evaluate the feasibility of the mFR as a dietary assessment method to measure fruits 

and vegetables intake among young children in Guam for the Traditions study (Chapter 

Five). 

 
4.2. Feasibility and use of the mobile food record for capturing eating occasions 

among children ages 3-10 years in Guam. 
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4.3. Abstract 
 
Background: Children’s technology readiness supports the use of the mobile food 

record (mFR) app for capturing children’s dietary intakes. The overall goal of the 

analyses described in this paper was to determine if children 3-10 years could 

successfully use the mFR to capture a usable image pair.  

 

Methods: Data were analyzed from two samples of children attending summer camps in 

Guam. Children in Sample 1 were tasked to use the mFR to capture an image pair of 

one eating occasion when at camp. For Sample 2, children were tasked to record all 

eating occasions for two consecutive days at two time periods 2-4 weeks apart. Trained 

analysts evaluated images. 

 

Results: In Sample 1, 90% (57/63) captured one image pair. All children (63/63) 

returned the mFR undamaged. Sixty-two children reported: the mFR was easy to use 

(89%), willingness to use the mFR again (87%), and the fiducial marker easy to manage 

(94%). Children in Sample 2 used the mFR at least 1 day at Time1 (59/63,94%), Time2 

(49/63,78%), and at both times (47/63,75%). Children using the mFR at both time 

periods, captured 6.21±4.65 and 5.65±3.26 mean (±SD) image pairs for Time1 and 

Time2, respectively. 

 

Conclusion: The significance of this study is that it is the first to evaluate the use of the 

mFR among young children and moreover the first study to capture self-reported dietary 

intake among children this age. Results support the potential for children to 

independently self-record dietary intakes using the mFR. 
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4.4. Background 

Traditional dietary assessment methods for children are challenging related to literacy 

levels, limited cognitive abilities, and difficulties estimating portion size at different 

developmental stages1. The day-to-day composition of young children’s diets vary 

reflecting changing and developing taste and flavor perceptions2. Measuring dietary 

intake in children provides insight into food choices and eating habits, like fruit and 

vegetable consumption which is lowest in children compared to adults in the US3,4. A 

systematic review of dietary assessment methods in children found the most accurate 

method for reporting energy intake among 4 to 11 year olds was the multiple pass 24-

hour dietary recall as reported by the parent5. For children aged 0.5 to 4 years, the 

authors concluded that the weighed food record provided the best estimate for energy 

intake5. However, due to the burden associated with keeping weighed food records, 

they are less useful in community dwelling populations6. Additionally, many young 

children have multiple eating occasions in different settings outside of home, such as  

childcare centers, or schools where parents are not the primary informants in all 

settings7. Therefore, proxy dietary assessments reported by parents may not be as 

accurate as desired.  

 

New self-reported methods shown to be useful for adolescents, 11-18 years old, are 

image-based dietary assessments using mobile devices, such as the mobile food record 

(mFR)8,9. The mFR is a dietary record application that uses the embedded camera in a 

mobile device (e.g., mobile telephone, iPod) to record dietary intake. Images can 

enhance self-reported data and, in this case, provide the primary record of dietary 

intake to obtain valid estimates of energy intake. Briefly, methods of automated image 

analysis or a trained analyst can be used to identify the food in the image and estimate 

volume of food consumed8,10,11.  In addition to real-time data collection, this method 

eliminates reliance on the respondent’s memory, proxy reports, and ability to write 

and/or estimate portions8. Thus, the usability of the mFR with young children is 

worthwhile to examine.  
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The current generation of children, born into the digital age, lends to a high level of 

technology readiness.  Use of technologies, such as web- and mobile-based 

applications may address many of the barriers to gathering accurate dietary data from 

children. Research involving children will contribute to research to advance mFR 

technology by addressing age-specific developments. This will allow the mFR to serve 

as a more accurate and feasible method of dietary assessment for children.  

  

The overall goal of the analyses described in this paper was to determine if children 3 to 

10 years could successfully use the mFR, previously tested with 11 to 18 year olds8,9. 

The first sample of children was evaluated using the mFR on three defined skill sets: 1) 

capturing a usable image pair, 2) demonstrating responsibility for the mobile device, and 

3) reporting the feasibility and usability of using the mFR. A usable image pair is an 

image taken before an eating occasion that includes foods and/or beverages and the 

fiducial marker, as well as, an image taken after the same eating occasion including an 

appropriate scene (e.g., an empty plate or food wrapper) and the fiducial marker. The 

second sample of children was assessed for cooperation using the mFR to capture 

usable image pairs of eating occasions over two days during two time periods as a 

method to collect fruit and vegetable intake among community-dwelling children (3 to 10 

years).  

 

4.5. Methods 

Data were collected from two samples of boys and girls registered in preexisting 

summer day camps in Guam10. For the analyses reported here, only those children 

between 3 to 10 years old were included. These ages represent ages for which no 

previous studies have examined use of the mFR. All summer programs were open to 

children of all race/ethnic groups. Recruitment materials for the studies were made 

available in the registration areas or the camp registration packets. Children were 

recruited during drop-off or pick-up times. Informed consent was obtained from the 

parents and assent from their children. The Human Studies Program of the University of 

Hawaii and the University of Guam Committee on Human Subjects Research approved 

the study methods described here. 
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For the first sample (Sample 1) children were recruited from two summer day camps in 

2013: a cultural immersion camp for 3 to 12 year olds and a recreational sports camp 

for children 5 to 15 years old10. Participants from these camps were tasked to use the 

mFR to take an image pair of, at least, one eating occasion on one day while at camp. 

Children were in possession of the mFR from the time after instruction and during, at 

least, one eating occasion, plus the time in between, and variable amounts of time after. 

Upon returning the mFR to researchers, participants were asked to complete a brief 

questionnaire on feasibility and usability of the mFR and fiducial marker (FM). 

 

During 2014, the second sample of children was recruited from the same cultural 

immersion camp described in Sample 1 and a university-based day camp for children 6 

to 12 years. Participants were tasked to capture image pairs of all eating occasions over 

two-days during two time periods for a total of 4 days. The data collected from the mFR 

was used to assess whole fruit and vegetable intake before (±2 weeks) and after (±1 

week) the summer day camp (i.e., Time 1 and Time 2). Data from both time periods 

were included in this analysis. Figure 4.1. shows the data collection flow for the two 

samples. 

 

4.5.1. Description of the mFR 

The mFR is an application based on one of the technology assisted dietary assessment 

(TADA) protocols9,11,12. Ideally, users are tasked to take an image pair at each eating 

occasion. Methods of image analysis13 are used to assess foods and beverages 

captured in the images. A critical method for image analysis is the inclusion of the 

fiducial marker (FM) in the captured image9,14,15. The FM is an object of known 

dimensions and markings, in particular a color checkerboard (noted in Figure 4.2.), that 

is used for spatial and color calibration of the camera and aids in identification of the 

foods and beverages and estimation of portion sizes15.  

 

The TADA app includes parameters to guide users on when to take the image using the 

embedded information within the mobile device. This is defined by an interchangeable 



 

62 
 

color border (i.e., red or green) shown in Figure 4.2. Users are tasked to capture the 

image when the mobile device is held at an angle maintaining a green border by 

pressing a button labeled, ”snap-it”. After the image is captured, users are able to view 

the image and select “use” if the image is acceptable or “retake” (the image) if 

unacceptable. All captured images are automatically uploaded to a secure TADA 

website, when a wireless connection is available. Researchers can login to the website 

to view images among other features. In addition to the system features described here, 

the devices were preloaded with child appropriate games. 

 

4.5.2. mFR instructions provided to children 

Participants were given instruction on how to use the mFR application available on 

either an Apple iPhone 3Gs running iOS6 (for Sample 1) or an Apple iPod Touch 5th 

generation (with a rear facing camera) running on iOS7 (for Sample 2). The instruction 

included a demonstration of launching the application, using the application to capture 

images (e.g., following the red and green lines in the camera’s view screen, Figure 

4.2.), and managing the mFR and FM.  

 

After the introduction instruction, children were given a FM and a colorful silicone 

wristband to place on the left wrist. The silicone wristband was given to children to guide 

placement of the fiducial marker to the left of the food and/or beverage. Children were 

asked to wear the wristband for the duration of the time they possessed the mFR. For 

Sample 2, children were provided four wristbands in the event of misplacing one. 

Children were asked to demonstrate taking a usable image pair using plastic food 

replicas, if time permitted or it did not interrupt camp activities. All instructions were 

provided in an out-of-the-way area within view of camp staff. 

 

During eating occasions at the campsite, researchers and/or camp staff reminded 

children, ad libitum, to take images of before and after eating, observed the use of the 

mFR, and assisted children with the mFR as needed. For Sample 1, the mFR, FM, and 

silicone wristband were collected at the end of the day. The next camp day all were 

redistributed to a new group of participants until each participant had the opportunity to 
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take, at least, one image of an eating occasion. Children in Sample 2 were assigned 

two-days to use the mFR before camp started (± 2 weeks) and after camp ended (±1 

week). When distribution, collection, and redistribution of the mFR and accessories 

occurred outside of camp, a pre-arranged setting, such as the child’s home or public 

space (e.g., a mall) was used. Scheduling participants to use the mFR for two-days was 

dictated by study registration date and availability of the mFR.  

 

4.5.3. Description of the methods for the 3 defined skill sets (Sample 1) 

Skill set 1: capturing a usable image pair. While in possession of the mFR, all 

participants were asked to take images of one eating occasion. The camp situation was 

unique in that the eating occasions were limited to morning snack, lunch, and afternoon 

snack. Therefore, depending upon the time of mFR distribution, children had four 

opportunities to take images during instructions and/or at three eating occasions. To 

assess the first skill set, a trained human analyst examined before and after images 

uploaded to the TADA website.  

 

Skill set 2: responsibility for the device. Children were responsible for storing the mFR 

and FM between and during eating occasions. Camp staff members were trained a 

priori on how to use the mFR and were informed that children had been asked to 

independently retrieve the mFR and FM from stored locations during eating occasions.  

 

Skill set 3: usability and acceptability of using the mFR and FM. Children completed a 

questionnaire that was interview-administered in an out-of-the-way area within view of 

camp staff. The questionnaire was comprised of three (3) “Yes” or “No” choice 

questions. Examples of questions asked were “Was the iPhone (mFR) easy to use for 

taking pictures of your food and drinks?” and “Would it be easy to carry the 

checkerboard square (the fiducial marker) around with you?” Copies of the 

questionnaire can be requested from the corresponding author.  If a child answered 

“No,” they were probed to elaborate, e.g., “What did you think was not easy about using 

the mFR?”, and comments were noted. Similarly, when responses other than “Yes” or 

“No,” were used and the responses better aligned with personal willingness the 
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response was considered “Yes.”  For example, the phrase, “Maybe if my mom or 

teacher says it’s ‘okay’.” was considered “Yes.”  

 

For participation and cooperation, participants received a $5 gift card upon return of the 

mFR and completion of the mFR Feedback Questionnaire. 

 

4.5.4. Description of the methods for the community dwelling sample (Sample 2) 

Participants were asked to use the mFR to collect images of all eating occasions over 

two days at two time points. Each participant was loaned the mFR. Children were 

instructed to capture image pairs of all eating occasions using a mFR as previously 

described. Intentionally parents were not given the instructions, unless they asked. The 

days a child used the mFR varied in that some used it on a weekend day, camp day, or 

non-camp summer weekday. Observations from Sample 1 informed mFR management 

methods for Sample 2 and children were given a waterproof carrying case to manage 

the mFR, FMs, and a charging cord.  When the children returned the mFR, researchers 

asked the children to assist with identifying food items that were indistinguishable, e.g., 

opaque containers, occluded foods, and to recall foods at eating occasions that were 

not captured as an image. A trained human analyst examined all images using the 

TADA server to enumerate and evaluate image pairs. Collectively, these methods were 

used to assess whole fruit and vegetable intake as part of another study. 

 

For participation and cooperation, participants received $5 and $10 gift cards before 

and after camp, respectively.  

 

4.6. Data Analysis 

For this study a trained human analyst examined all images on the TADA server and 

data were entered into Microsoft Access files specifically designed for each study and 

then imported into IBM SPSS statistics version 21 for data analysis (IBM Corporation, 

Armonk, NY). Participant’s responses to the mFR questionnaire provided by Sample 1 

were entered and analyzed using the same programs. 
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For Sample 1, information about each image was entered including date and time 

stamps, before image or after image, all foods and beverages and/or fiducial marker 

present, and other objects captured in the image. Number of image pairs were 

examined and assessed as meeting skill set 1 (i.e., FM, all food and beverage, or both 

present). Statistical examination to compare girls and boys and age group included 

frequencies, chi-square test, Fisher’s exact test, and independent sample t-test.  

Statistical significance was set at P<.05 (two-sided). 

 

Data entered for Sample 2 included date and time stamps, image number and order, 

and amount of whole fruits and vegetables consumed. For whole FV intake, FV (100%) 

juices were excluded16. FV servings/day were calculated by dividing the total FV 

servings consumed by the total number of days that eating occasions were captured 

using the mFR. The number of days a child used the mFR was determined by the total 

number of days the child captured at least one image pair of their food and/or beverage 

using the mFR. Descriptive statistics were used to describe image pairs. The same 

statistical tests described under Sample 1 were used for Sample 2. In addition, 

examination of the number of images within child, between collection periods were 

assessed using paired t-tests. 

 

4.7. Results 

A total of 126 children, 3-10 years old, used the mFR. Forty-two were boys and 84 were 

girls of diverse ethnic backgrounds. The majority of the children were Chamorro (55% 

Chamorro or 36% Chamorro Mix). The descriptive characteristics of both samples are 

shown in Table 4.1. Participants in Sample 1 (n=63) were loaned the mFR over 3-8 

hours in one day. The second sample of children (n=63) were tasked to use the mFR for 

two days at two time points. 

 

Skill set 1 was evaluated in Sample 1. For the task of taking, at least, one image pair of 

an eating occasion, or the practice image, two image pairs were lost because of 

technical errors and 4 image pairs were excluded as 4 children took only a before or an 

after image. Therefore, 95% (57/63) were able to demonstrate taking one image pair as 
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shown in Table 4.2. Of these children, at least 70% (40/57) had the FM present, 95% 

(54/57) had the food and beverages present, and 70% (40/57) had both in the before 

and after images (Figure 4.3.). With regard to capturing one image pair, boys were less 

likely to take an image pair (χ2=5.755, p=0.026) than girls. Although children were 

tasked to take only one image pair, some children captured more than one image pair 

when they possessed the mFR longer (Table 2). Thirty percent (17/57) took 2 image 

pairs and 37% (21/57) took 3-4 image pairs. Of those that took two or more image pairs 

(n=38), 68% (26/38) were girls and 32% (12/38) were boys. There were no significant 

differences found between younger (3-6 years) and older (7-10 years) age groups for 

capturing one image pair and this was also true accounting for more than one image 

pair. However, boys were more likely to miss including the FM (χ2=5.216, df=1, 

p=0.022), food and/or beverages (χ2=5.292, df=1, Fisher’s exact 0.045), or both 

(χ2=5.216, df=1, p=0.022). This significant difference in usable image pairs was primarily 

due to items missing in the after eating images.  

 

All children in Sample 1 were able to demonstrate responsibility for the mFR, i.e., skill 

set 2, as 100% (63/63) returned the mFR undamaged. For the third skill set, all but one 

child (n=62) completed the questionnaire about usability and feasibility of the mFR and 

FM. Questionnaire responses by sex are shown in Table 3. Eighty-nine percent (55/62) 

of participants found the mFR easy to use; 87% (54/62) of children would use the mFR 

again; and 94% (58/62) reported the FM was easy to carry around. Children 

volunteered the comment that the FM “is small enough to fit in my pocket.” No 

differences between boys and girls were found. Among those participants that said the 

mFR was not easy, when asked why, examples of responses were “it was hard to make 

it green” (establishing the green border in the mFR camera settings to obtain the correct 

camera angle), “it was hard to get the board in the image” (fitting the FM in the field of 

view), and “taking the after eating image.” When asked if they would borrow the mFR 

again and carry the FM children who reported, “no,” stated “I might lose it.” With regard 

to carrying the FM a couple of children shared that they would carry it “if it sticks to the 

iPhone.”  
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The community dwelling participants in Sample 2 (n=63) captured 0 to 21 image pairs at 

Time 1 and Time 2 which were approximately 4 weeks apart. When the images were 

reviewed with the children at Time 1 (n=55) and at Time 2 (n=56), 5 participants 

reported missing images due to unknown reasons. Technical difficulties aside, 4 of the 

63 children (6%) did not take any images at Time 1 compared to 14 of 63 (22%) at Time 

2. Two of the children that did not take images at either time point and reported only 

playing the games available on the mFR device. Among those children that took 

images, the mean number of days were 2.4 (SD ± 1.2) and 2.8 (SD ± 1.1) for Time 1 

and Time 2, respectively. The majority of children captured their food and/or beverages 

using the mFR over, at least, one day at Time 1 (59/63, 94%) and at Time 2 (49/63, 

78%). Older participants were more likely to use the mFR longer than younger children 

as shown in Table 4.4. Yet no statistically significant differences by age and sex were 

detected with regard to the number of image pairs or the number of days the mFR was 

used. Seventy-five percent (47/63) of children took images at both time points. Of these 

children, the mean (±SD) numbers of images captured were 6.21±4.65 for Time 1 and 

5.65±3.26 for Time 2. There were no significant differences between Time 1 and Time 2 

for total number of images and days that the 47 children with repeat measures used the 

mFR. Estimated servings of whole FV among those children who had images were 0.83 

and 0.44 cups per day of FV for Time 1 and Time 2, respectively. 

 

4.8. Discussion 

This study demonstrated that the mFR is potentially a feasible method of dietary 

assessment in 3 to 10 year olds. Given instructions with demonstration and practice, 

children 3 to 10 year olds were able to use the mFR to record their dietary intakes. 

Children in both samples were provided unique tasks to capture image pairs, such as at 

one eating occasion for Sample 1 and for a 2-day food record over two time periods for 

Sample 2. The majority of the children exceeded the assigned task in both scenarios. 

Although responsibility for the mFR was not an objective for Sample 2, it is noteworthy 

that all participants returned the mFR undamaged as well. Additionally, three-fourths 

(75%) of children in Sample 2 used the mFR to capture eating occasions at two time 

points. These results are indicative of their willingness to cooperate and participate. 
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Children in both samples were given the freedom to manage and store the mobile 

devices where they pleased, such as the carrying cases provided or their lunch boxes. 

Moreover, every mobile device was returned undamaged which demonstrates that even 

very young children can be responsible for these devices. 

 

For capturing a 2-day food record in a community dwelling situation, children may 

require reminders and prompts for taking an image pair at all eating occasions. Many 

children in Sample 2 had used the mFR while at camp where the camp staff were aware 

of the purpose and knowledgeable on how to use it. When examined by skill set, 

differences were found only between boys and girls. In Sample 1, boys were less likely 

than girls to take the after eating image, which may suggest the need for an operation 

incorporated into the mFR to remind them to take after images. One reason this may 

have occurred is that boys usually ate all of their food. Despite children were provided 

instructions for how to take an image pair for different after eating occasions (e.g., some 

food leftover or all food eaten). In a previous study8, adolescents recommended a 

selection for “ate all food and beverages” in the after image camera setting. This 

suggestion may address the issue of the missing after images. For the young children 

included in this study, especially the 3 to 5 year olds, attentiveness can be another 

challenge to remembering to take the after eating image or any image for that matter. 

Therefore, further research is necessary to determine the age that children can use the 

mFR independently, as well as, the age where a parent or caregiver is needed to 

prompt and/or assist the child with managing the mFR for taking images. 

 

Age appropriate games were preloaded onto the mFR devices for children to use while 

they possessed the mFR, which was observed to motivate children to agree to use the 

mFR and likely maintained engagement for capturing images. Of the children in Sample 

2 that did not take any image pairs at either time point, these two children voluntarily 

disclosed that they used the mFR device for playing games only. These observations 

corroborate the premise proposed by Lu and colleagues17 that children’s self-report of 

diet can be enhanced with animated, customizable agents (e.g., games). The TADA 

system has the potential to be modified along these lines. On the other hand, some of 
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the age appropriate games were described by the children as being “hard to figure out.” 

Therefore, enhancements to any technology assisted dietary assessment should be 

designed to be age appropriate in that cognitive abilities, such as literacy level needs to 

be addressed for children in early childhood (i.e., 3 to 5 year olds). For example, the 

mFR used for studies described in this paper has an automated operation to remind 

users to include the FM when missing that is a pop-up statement, “fiducial marker is 

missing12.” This enhancement was developed with the input of adolescents8. This type 

of enhancement and any future enhancements for younger children would be better 

addressed through replacing text with images. 

 

Based on the voluntary comments provided by participants in Sample 1, this study is not 

without limitations. The challenges that the children reported with regard to using the 

mFR may be attributed to the small stature of the children and size of their hands. 

Short-statured children were often observed standing, tip-toeing, or kneeling on a chair 

to capture the best image. This was also reported by adolescents when they used the 

mFR8. In response to the first reports of issues in achieving the green border, 

researchers for this study taught children the “cup” and “alligator” holds to improve 

management and control of the mFR in camera settings given their small hand sizes. 

These were simple hand positions that symbolized assigned names. With regard to 

carrying the FM, one child suggested that the FM be fastened to the backside of the 

iPhone when not in use, but detachable during capturing images at eating occasions. 

Despite these comments, children still perceived that capturing images with the mFR 

was easy. In the studies described here, the parents were minimally involved. A large 

proportion of the community dwelling children were active participants, especially during 

the first time period. However, a quarter of the children did not complete the second 

assessment period. Therefore, the right balance between child and parent involvement 

needs to be examined, as well as methods to generate continuous motivation in the 

children.  

 

Use of a mobile device may eliminate the bias of surrogate reporting (e.g., parent or 

caregiver) of children’s food and beverage intake throughout the day. The children’s 
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high level of technology readiness suggests that dietary methods using technology, like 

the mFR, may alleviate the burden associated with current dietary assessment methods 

for children. The significance of this study is that it is the first to evaluate the use of the 

mFR among young children and moreover, the first study to capture self-reported 

dietary intake among children this age. 
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Table 4.1. Characteristics of children, 3 to 10 years old, 
attending summer camp in Guam who used the mobile food 
record (mFR) and/or provided feedback in 2013 or 2014. 

Characteristic 
Sample 1 

n=63 
Sample 2 

n=63 

 n % n % 

Sex     
 Boys 24 38 18 29 
 Girls 39 62 45 71 
     
Age groups (years)     
 3-6 27 43 18 29 
 7-10 36 57 45 71 
     
Ethnic group     
   Chamorro, only 32 51 37 59 
 Chamorro, mixed 24 38 21 33 
 Other 7 11 5 8 

 
 

Table 4.2. Descriptive data of usable image pairs by number of image pairs captured 
using the mobile food record (mFR) among children, 3-10 years old, in Sample 1 (n=57 
children) attending summer camps in Guam during 2013. 

Image 
pair(s)a 

Total 
image 
pairsa 

Fiducial marker 
(FM) present 

Food present 
FM and Food 

present 

Before After Before After Before After 

57 56 57 50 53 47 51 

 n (percent, %) 
 1 19 (33) 18 (32) 19 (33) 19 (38) 18 (34) 18 (38) 18 (35) 
 2 17 (30) 17 (30) 17 (30) 15 (30) 16 (30) 15 (32) 16 (32) 
 3+b 21 (37) 21 (38) 21 (37) 16 (32) 19 (36) 14 (30) 17 (33) 

Total 57 (100) 56 (100) 57 (100) 50 (100) 53 (100) 47 (100) 51 (100) 
aAn image pair is the before and after image for an eating occasion. 
bIncludes 3 and 4 image pairs 

 
 
Table 4.3. Responses to mobile food record (mFR) questionnaire among children, 3-10 
years old, in Sample 1 after using the mFR (n=62) while at summer camp during 2013. 

 Boys (n=23) Girls (n=39) 

Statement, as presented: “Yes” “Yes” 

 n % n % 

The mFR was easy to use 21 91 34 87 
   
I would borrow and use the mFR again 19 83 35 90 

   
Carry the fiducial marker around  21 91 37 95 
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Table 4.4. Descriptive data of images captured using the mobile food record (mFR) 
among children, 3-10 years old, in Sample 2 (n=63) attending summer camps in Guam 
during 2014. 

Number of 
children 

Age  
Length of time 

mFR useda 
Number of image pairsb  

per day 

n (percent, %) Mean (years) (days) 
Mean 

(x̅±SD) 
Median  
(range) 

Time 1 

4 (6) 5.5 0  0 0 

8 (13) 7.7 1  1.50±1.07 1.00 (1.00-4.00) 

20 (32) 8.2 2 2.28±0.83 2.00 (1.00-4.00) 

20 (32) 8.2 3 2.73±1.16 2.42 (1.33-6.00) 

11 (17) 9.8 4+c  2.80±0.87 2.67 (1.33-4.25) 

Time 2 

14 (22) 7.8 0  0 0 

5 (8) 7.8 1  1.20±0.45 1.00 (1.00-2.00) 

16 (25) 8.3 2 2.34±1.29 2.00 (1.00-5.00) 

18 (29) 8.3 3 2.07±0.80 1.83 (1.00-3.33) 

10 (16) 8.0 4+c 1.94±0.81 1.75 (1.20-3.75) 
aNumber of days at least 1 image pair was captured using the mFR 
bAn image pair is the before and after image for an eating occasion. 
cIncludes image pairs captured over 4 and 5 days. 
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Figure 4.1. Assessment of eligibility for inclusion in analyses and data flow among children 
attending summer camps in Guam during summer 2013 (Sample 1) and during summer 
2014 (Sample 2).   

Excluded (n=2): 
Not meeting inclusion 

criteria, age > 10 y 
(n=2) 

 

Children provided the mFR at 
Time 1  
(n=63) 

Number of children with, at 
least, one image pair 

(n=57) 
Children who captured eating 

occasions over 1st set of 2-days 
(n=51) 

Assess for eligibility and inclusion in analyses 
Data from studies among young children attending summer camps in Guam  

 

Sample 1 
Summer 2013 

(n=65) 

Sample 2 
Summer 2014 

(n=72) 

Excluded (n=9): 
Not meeting inclusion 

criteria, age > 10 y 
(n=9) 

 

Children provided the mFR 
(n=63) 

Children who returned the 
mFR undamaged 

(n=63) 

Missing image pairs (n=6): 
Images lost (n=2) 
Before or after image only 

(n=4) 

Incomplete images (n=12): 
Before or after image only 

(n=4)    
1-day of images only (n=8) 
 

Incomplete images (n=19): 
Before or after image only 

(n=14) 
1-day of images only (n=5) 
 

Children provided the mFR at 
Time 2 
(n=63) 

Children who captured eating 
occasions over 2nd set of 2-days 

(n=44) 

Children who provided mFR 
feedback 

(n=62) 

Loss to follow-up 
(n=1): 
Unable to contact 

(n=1) 
 

Children who returned the 
mFR undamaged 

(n=63) 
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Figure 4.3. Representation of children, 3-10 years old, in Sample 1 
demonstrating skill set 1 for capturing, at least, one usable image 
pair (n=57) using the mobile food record in Guam during summer 
2013. 
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Figure 4.2. Field of view colored borders that appear when in camera 
settings of the TADA app to aid with proper angle when using the mobile 
food record. Children from Samples 1 and 2 were to capture the image when 
the border was green (image at right). Note: the fiducial marker (FM) is the 
color checkerboard shown at the left of the plate. 
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CHAPTER 5. THE TRADITIONS STUDY 
 

5.1. Introduction to publication 
 
This chapter (Chapter Five) is a reformatted version of the manuscript entitled 

“Examining the influence of cultural immersion on willingness to try fruits and vegetables 

among children in Guam: the Traditions study” submitted to the Preventing Chronic 

Disease 2015 Research Paper Contest. This chapter presents results from the natural 

experiment involving pre-existing summer camp program in Guam with three levels of 

culture. The study was conducted to address Objective 4 of this dissertation, which was 

to examine the influence of cultural immersion on children’s willingness to try local FV 

and FV intake in Guam. 

 
5.2. Examining the Influence of Cultural Immersion on Willingness to Try Fruits and 

Vegetables Among Children in Guam: the Traditions study 
 
Tanisha F. Aflague, MS, RDN1  
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Rachel Novotny, PhD, RDN1  

Lynne R. Wilkens, DrPH4  

Carol J. Boushey, PhD, RDN4  

1Human Nutrition, Food, and Animal Sciences, University of Hawaiʻi at Mānoa 

2College of Natural and Applied Sciences, University of Guam 

3Office of Public Health Studies, University of Hawaiʻi at Mānoa 

4Epidemiology Department, University of Hawaiʻi Cancer Center 
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5.3. Abstract 

Introduction: Culturally-adapted programs among indigenous populations have had 

positive dietary outcomes, yet less is known about cultural immersion. This study 

examined the influence of cultural immersion on willingness to try fruits and vegetables 

(FV) among children 3-12 years old in Guam.  

 

Methods: A pre-post, quasi-experimental design evaluated 3 summer camps with 

different cultural exposure levels. High, moderate, or zero cultural exposure was 

provided by a cultural immersion camp (CIC), a university day camp (UDC), and a 

recreational sports camp (RSC), respectively. CIC (n=47) delivered 4 culturally-adapted 

nutrition lessons within the context of Chamorro cultural traditions. The UDC (n=23) 

delivered the same lessons within a human physiology framework. The RSC (n=33) 

received none of these interventions. Children’s willingness to try FV was assessed with 

the Adapted WillTry tool before and after each program. Whole FV intakes were 

assessed concurrently using the mobile food record in CIC and UDC. Outcomes 

examined WillTry post-assessments using multivariate regression models adjusting for 

pre- assessment, sex, age, ethnicity, body mass index, lesson and camp dose, and 

parent’s cultural affiliation.  

 

Results: WillTry adjusted mean FV post-scores by highest exposure camp to lowest 

were 2.30, 2.33, 2.27 for local novel and 2.62, 2.61, 2.56 for local common. No 

differences among camps were significant. An unexpected result was the significantly 

higher imported post-score for RSC, 2.81, than UDC, 2.75, (P=0.023).  

Conclusion: The Traditions study explored cultural influences on children’s dietary 

behaviors and revealed further research involving indigenous peoples and cultural 

immersion is needed.  
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5.4. Background  

The higher obesity prevalence rates in indigenous populations, including Chamorros, 

compared to non-Hispanic whites correlates with chronic disease patterns 1. 

Sociocultural factors, including traditional dietary habits and significance of foods, have 

the potential to influence positive health behavioral change 1,2. Among children, 

common intervention strategies have been nutrition lessons, fruit and vegetable (FV) 

exposure or tasting, and peer modeling in school or camp settings 3,4. Culturally-

adapted programs have increased children’s FV intake and/or preference 3,5. One study 

in Guam found a culturally modified nutrition curriculum originally designed for children 

in the U.S. mainland was feasible and warranted 6.  

 

Children’s preferences for FV was shown to be an adequate indicator of FV 

consumption 7. A study among children, 3-11 years (y), in Guam 8 adapted the 

previously validated WillTry tool that measures children’s willingness to try FV 9. Unique 

to the Adapted WillTry tool 8 are three FV scales classified by source (i.e., local or 

imported) and/or familiarity (i.e., novel or common) as local novel, local common, and 

imported FV. Children were found to prefer imported FV more than local FV 8. This 

finding parallels the nutrition transition 10,11 where diets shifted away from local 

traditional food systems 12 and highlights a need to examine interventions to improve 

preference for and intake of local (traditional) FV.  

 

The Traditions study described here examined the influence of Chamorro cultural 

immersion on children’s willingness to try local FV in Guam. The primary hypothesis 

was that children attending a cultural immersion camp with culturally-adapted nutrition 

lessons would have a higher Adapted WillTry post-score than children in programs 

without cultural immersion. A secondary hypothesis was that these same children would 

also have a higher whole FV intake. There is no study to-date examining whether 

cultural immersion influences children’s FV preference and intake in the Pacific.  
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5.5. Methods 

Culture provides the context of meaning for individual behaviors and is, therefore, a 

critical element for influential behavioral interventions, such as FV intake, mediated by 

FV preference 7,13. For many indigenous cultures, the traditional food system and 

cultural practices around food create opportunities for FV exposure and intake 6,12,14. 

The traditional food system is food within a culture from local, natural resources 15. 

Traditional diets and practices, as well as, a sense of ethnic identity or pride among 

indigenous peoples have been shown to protect health 15-17. 

 

A pre-post quasi-experimental design was used to observe outcomes (i.e., willingness 

to try FV and FV intake) between three existing summer camp programs in Guam: 

cultural immersion camp (CIC), university day camp (UDC), and recreational sports 

camp (RSC). This natural-setting, multi-arm parallel design was used as an alternative 

to a resource intensive infrastructure and the organizations were willing to incorporate 

activities to answer the research question 18.  

 

Children registered in the 2014 study summer camps were eligible to participate. The 

age range for participants was 3-12y for CIC and UDC and 5-12y for RSC. In RSC, only 

children who were registered for two, 2-week sessions were eligible. These programs 

were open to children of any race and each program had a registration fee. Recruitment 

materials were included with camp registration packets. The Human Studies Program of 

the University of Hawaiʻi and the University of Guam Committee on Human Subjects 

approved this study. 

 

The primary intervention was the cultural immersion within CIC. Unique to the Traditions 

study were culturally adapted nutrition lessons incorporated into CIC and UDC. CIC had 

a high cultural dose as the Traditions lessons were implemented within the cultural 

immersion context of the camp. The UDC had moderate cultural dose from the 

Traditions lessons only. RSC was without both, cultural immersion and Traditions 

lessons, or had zero cultural dose.  
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The CIC and UDC programs were nearly matched for daily activities (e.g., physical 

activity, cooking demonstrations/taste testing, crafts) shown in Figure 5.1. The same 

four Traditions lessons (Figure 5.2.) were incorporated into CIC and UDC and delivered 

by the same educators. These lessons featured local FV and promoted positive 

associations with eating FV. In CIC, the context of Chamorro cultural traditions, 

practices, and values was tied to FV. Chamorro is the language, culture, and ethnicity of 

Guam and the Marianas. In UDC, consuming healthy foods was introduced within a 

context of nutrition and human physiology. The four lessons were adapted with 

permission from a culturally relevant Hawaiʻian nutrition curriculum19 to make them 

relevant to Guam and the Chamorro culture. This curriculum complemented Hawaiʻi and 

Guam Department of Education K-12 Content and Performance Standards.  

 

The CIC activities perpetuated the Chamorro culture and language through 

song/chanting, dance, prayer, arts and crafts, cooking, outdoor activities, and gardening 

based on traditional and contemporary practices. Chamorro was spoken about 80% of 

the time, including the delivery of key messages in the Traditions lessons. All activities 

operated on indigenous values of respect, love, humility, reciprocity, and camaraderie. 

The UDC activities focused on promoting healthful present-day recreational activities 

and global foods. The activities were an extension of the Expanded Food and Nutrition 

Education Program mission. RSC was exclusively physical activity. Refer to Figure 5.2. 

Upon completion of the last assessments, educators provided one Traditions lesson for 

registrants at RSC.  

 

The primary outcome was the Adapted WillTry FV post-scores for local novel and local 

common FV and was examined using two models. In model 1, children who received a 

high cultural dose were compared to those that received a moderate dose. Model 2 

included children who received a high cultural dose compared to children that received 

zero dose. An additional hypothesis, model 3, was that children receiving the Traditions 

lessons (moderate dose) would have a higher willingness to try FV than children with 

zero dose. The secondary outcome was post-FV intake assessed in CIC and UDC only. 
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Data collection occurred at two assessment periods: before (± 2 weeks) and after (± 1 

week) each program. The first assessment was completed at each camp setting. The 

second was also completed at camp or at a pre-arranged location, such as the 

children’s home or a child-friendly public space (e.g., the mall).  

 

Adapted WillTry Scores:  The Adapted WillTry tool measures children’s willingness to 

try FV and was previously validated for children 3-11 years old in Guam 8,9. The 

Adapted WillTry has 3 distinct scales of FV: local novel, local common, and imported. 

The scores for each scale ranged from 1 to 3, i.e., least to most willing to try. The 

Adapted WillTry administration and scoring methods have been described previously 8. 

 

Whole FV Intake:  FV intake was assessed using the mobile food record (mFR) running 

on iOS7.1.2 on an Apple iPod touch. The mFR is an app that has been shown to be a 

useful method for dietary assessment with adolescents 20,21. This method was also 

tested and found to be usable for children 3-11y in Guam 22. Only participants in CIC 

and UDC were asked to use the mFR due to a limited number of iPods. Children used 

the mFR for two consecutive days to capture before and after images of all eating 

occasions. Instructions on how to use the mFR included taking a practice image of 

plastic food replicas with a fiducial marker (FM). The FM functioned as a color reference 

and volume marker of the food. Children were loaned the mFR and 2-4 FMs. Children 

managed the iPod, FMs, and a charging cord with a waterproof mobile carrying case. 

When the children returned the mFR, researchers asked children to assist with 

identifying food items that were indistinguishable, e.g., opaque containers, occluded 

foods; and to recall foods at eating occasions not captured as an image.  

 

Other Measures: Parents completed a questionnaire that included information about the 

child’s age, sex, language spoken, religion, and birthplace. Parent’s cultural affiliation 

was determined using their responses reported on a cultural affiliation questionnaire, 

which assesses one of four modes of acculturation: traditional, integrated, assimilated, 

or marginalized 23.  The same scoring system was used as described by Kaholokula 

and others 23. Anthropometric assessments were completed at a time designated as 
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least disruptive to camp activities. Height and weight were measured using a portable 

Seca scale and stadiometer (PE-AIM 101) using centimeters and kilograms, 

respectively. These measurements were converted to body mass index (BMI) as 

[kg/(height, m)2]. Dose of intervention was assessed by recording attendance at camp 

and at each Traditions lesson.  

 

For participation, all children were given a gift card, in $5 or $10 denominations, one 

before and one after camp assessments. Remuneration varied due to the different types 

and lengths of involvement for participants depending on camp program. 

 

5.6. Data analysis 

Sample size was determined using estimates for the Adapted WillTry local novel and 

local common FV scores from data representing children similar to children recruited for 

this study 8. With a sample size of n=60 for CIC and n=30, with a power of 80% and a 

critical value of 0.05 (two-sided), the minimum detectable difference in means (MDD) 

are 0.43 for the local novel score and 0.41 for the local common score 24. For Model 3, 

based on the UDC and RSC sample sizes MDD was 0.49 and 0.47 for local novel and 

local common, respectively. For the secondary outcome, post-FV intake, the MDDs 

were 0.877, 0.3132, and 0.6265 per day dependent on the baseline FV consumption 

being 2, 1 or 1.5 respectively.  

 

Data were entered using a Microsoft Access (Microsoft Corp) tool specifically designed 

for this study. Double-data entry procedures were used and PROC COMPARE in SAS 

9.3 (SAS Institute, Inc.) was performed until both data entries achieved 100% matching. 

A trained analyst examined images, identified all whole FV (e.g., FV mixed dishes, 

fruits, vegetables), and amounts consumed. FV (100%) juices were excluded 25. FV 

intake was calculated by dividing the total FV by the total number of days for which 

eating occasions were captured using the mFR. 

 

Categorical variables were examined using frequencies and for quantitative variables 

means and standard deviations were used. Differences between camps in Adapted 
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WillTry FV post-scores (i.e. local novel, local common, and imported) were examined 

using univariate ANOVA adjusted for pre-scores. To confirm the previously observed 

incremental trend of the Adapted WillTry FV scores, where each score was statistically 

significantly different from one another, the paired t-tests for each pre- and post-

assessment score for each FV scale in all camps were performed 8. Statistical analyses 

were conducted using IBM SPSS Statistics version 21 (IBM Corporation, Armonk, NY). 

 

Potential confounders were included in models using indicator variables for age (i.e., 3-

6y, 7-8y, 9-12y), ethnicity (i.e., Chamorro, Chamorro Mixed, Other), sex, parent’s 

cultural affiliation (traditional and integrated; marginalized, n=2, or assimilated, n=1, 

were eliminated due to small numbers), BMI (continuous), and attendance (i.e., at 

lessons and camp). Traditions lessons and camp attendance for CIC and UDC were 

calculated using the sum of days participants attended lessons and camp days divided 

by the total possible lesson and camp days, respectively. A dichotomous variable was 

created for high and low dose using the 50th percentile cut-point for lessons and camp 

dose.  

 

To examine the primary hypothesis multiple linear regression models for the Adapted 

WillTry post-scores (dependent variables) were fit to examine whether and how much 

the Adapted WillTry scores differed by camp program accounting for potential 

confounders. The final model excluded potential confounders that had no effect on the 

results and included Adapted WillTry pre-scores, sex, age, and ethnicity. For whole FV 

intake, multiple linear regression models were used to examine differences in post-FV 

intake/day (dependent variable) between UDC and CIC. The final model included pre-

FV intake/day, age, ethnicity, and parent’s cultural affiliation (independent variables).  

 

5.7. Results  

A total of 104 children met the eligibility criteria and agreed to participate. There were 

47, 23, and 34 children from CIC, UDC, and RSC, respectively, and percent loss to 

follow up from the respective camps were 2%, 9%, and 3% (Refer to Figure 5.3.). 

Children participating in both assessment periods included 29 boys (4-11 years) and 70 
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girls (3-12 years) or 96% (99/104) of the original enrollees. Majority of the children were 

Chamorro as reported by parents. Refer to Table 5.1. For the secondary outcome of FV 

intake, analysis was limited to 14 boys and 43 girls that completed, at least, two-days of 

food recording using the mFR.   

 

The Adapted WillTry mean post-scores and standard errors adjusted for their respective 

pre-scores for local novel FV were 2.299 (0.064) for CIC, 2.326 (0.096) for UDC, and 

2.265 (0.075) for RSC. For local common FV, using the same order, adjusted scores 

were 2.618 (0.061), 2.606 (0.090), and 2.564 (0.072); and 2.752 (0.045), 2.746 (0.066), 

and 2.811 (0.052) for imported FV. 

 

There were no significant differences at P<0.05 between camp programs for the post-

Adapted WillTry local novel and local common FV scores (refer to Table 5.2). The lack 

of significant differences by these characteristics remained after adjustment in 

multivariate analyses.  An unexpected finding was a significantly higher imported FV 

score for the children in RSC than UDC (Table 5.2).  

 

For whole FV intake, the unadjusted means for whole FV intake/day at pre- and post-

assessments were 1.21 (n=23) and 0.73 (n=19) for UDC and 0.56 (n=47) and 0.34 

(n=38) for CIC, respectively. There were no significant differences in post-FV intakes 

between the camps after adjusting for the potential confounders in the final regression 

model (b=0.039, 95% CI -0.390 to 0.369, p=0.854). 

 

The crude means for pre- and post-Adapted WillTry FV scores by camp are shown in 

Table 5.3. Overall mean scores at each camp for willingness to try were lowest for local 

novel, second lowest for local common, and highest for imported FV. Within camps, 

Adapted WillTry scores were statistically significantly different from one another at pre- 

and post-assessments for RSC, at post only for UDC, and at pre only for CIC as noted 

in Table 5.3. For UDC, local novel and local common FV pre-scores were not 

significantly different. The post-scores, conversely, for CIC were not significantly 

different between the local common and imported FV.   
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5.8. Discussion 

This report represents the first natural experiment to examine whether cultural 

immersion can positively influence children’s willingness to try local FV. With regard to 

increasing willingness to try local novel and local common FV for any of the camp 

comparisons, there were no statistically significant changes in either direction, i.e. 

decrease or increase. Unexpectedly, willingness to try imported FV was statistically 

significantly different between UDC with Traditions lessons and RSC without the 

lessons and cultural immersion. Further evaluation of this difference is warranted.  

 

On the other hand, we did observe positive shifts in willingness to try local common FV 

across all camps noting the greatest change in CIC followed by UDC, then RSC (Table 

5.3). This is consistent with our primary hypotheses. Although a priori the paired t-test 

was not the analysis to examine the primary outcome, a significant difference appears 

at post-assessment between local novel and local common FV in UDC (with local 

common increases more than local novel) and disappears between local common and 

imported FV in CIC (as local common increases becoming closer to the imported 

score). This reveals a greater increase in the local common FV post-scores in both 

camps with Traditions lessons than RSC, which aligns with the expectation a priori that 

the lessons would affect local FV scores.  

 

The paired t-test also demonstrated the consistency and robustness of the Adapted 

WillTry scores with regard to maintaining a trend (from high to low) in willingness to try 

imported, local common, and local novel FV that was observed in a previous study 8. 

This indicates that indeed children are more willing to try imported FV than local FV and 

furthermore are more willing to try local FV familiar to them than other local FV that may 

be conditionally new. This study represents the first time to use the Adapted WillTry tool 

in an intervention to capture changes in food preferences. Moreover, the lower 

preference for local FV underscores that interventions aimed to improve willingness to 

try local FV may hold promise to improving overall FV intake as children already have a 

high preference for imported FV.  
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The Traditions study was a natural experiment involving community-based summer 

camp programs that have been in operation for, at least, 7 years in Guam. This study 

design highlights services and activities available in Guam and extends a community-

based approach by enhancing local programs within their expectation and capacity. 

Community-based approaches are suitable for indigenous populations involving 

processes drawing on local knowledge to develop interventions and have been 

successful in the South Pacific 26. The risk, however, is that camp programs themselves 

were not intended to incorporate willingness to try FV. However, the fidelity of lessons 

were ensured by having the same educators deliver the Traditions lessons. In general, 

we did not have complete control of the activities within each camp.  

 

Within the CIC, the use of the Chamorro language to deliver the Traditions lessons may 

have been a limitation since CIC staff assisted with implementation and translation of 

lessons and nutrition concepts. Language could be a potential barrier as children likely 

are not fluent and are learning the Chamorro language while at camp. Nonetheless, the 

context of the camp in which the lessons were delivered encompassed Chamorro 

values and practices that may have contributed to the shift in local common FV 

preference. Perhaps the activities and values that were used to promote and perpetuate 

the Chamorro culture in the CIC does not directly involve FV, but generally all the 

traditional and contemporary foods of the culture; therefore, future research involving 

cultural immersion should include methods and instruments that can help to capture the 

cultural context and impact of cultural exposure.  

 

On the other hand, the traditional Chamorro food system may be transforming in turn 

shifting food choices parallel to the nutrition transition creating challenges to promoting 

traditional local food, like FV, today. Therefore, altering children’s food preferences may 

extend beyond a cultural immersion program limited to the activities within the program 

and limited by time. Yet these programs preserve traditional knowledge underpinning 

the value of local FV and revitalize customs that have the potential to improve local FV 

preference and ultimately intake; therefore; further research in this area is needed.   
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Table 5.1. Characteristics of children in the Traditions study in Guam by camp 
program, ages 3-12 years, that completed the Adapted WillTry camp (n=99). 

 n CIC (n=46) UDC (n=21) RSC (n=32) 

Sex  n (percent, %) 

 Boys  29 17 (37) 1 (5) 11 (34) 

 Girls  70 29 (63) 20 (95) 21 (66) 

Ethnic Group     

      Chamorro, only  53 25 (54) 12 (57) 16 (50) 

 Chamorro, mixed  33 21(46) 3 (14) 9 (28) 

 Other  12 0 (0) 6 (29) 6 (19) 

 No response 1 0 (0) 0 (0) 1 (3) 

Age Group, years     

 3-6  28 17 (37) 1 (5) 10 (31) 

 7-8  39 14 (30) 8 (38) 17 (53) 

 9-12  32 15 (33) 12 (57) 5 (16) 

Weight status, BMI percentile     

 Underweight, ≤5th percentile  3 2 (4) 1 (5) 0 (0) 

 Healthy weight, 5 to <85th 
percentile  

66 28 (61) 16 (76) 22 (69) 

 Overweight, ≥85 to <95th 
percentile  

16 9 (20) 3 (14) 4 (12) 

 Obese, ≥95th percentile 14 7 (15) 1 (5) 6 (19) 

Parent’s cultural affiliation      

 Traditional 15 6 (13) 5 (23) 4 (12) 

 Integrated 79 38 (83) 14 (67) 27 (84) 

 Marginalized 2 2 (4) 0 (0) 0 (0) 

 Assimilated 1 0 (0) 1 (5) 0 (0) 

 No response 2 0 (0) 1 (5) 1 (3) 

CIC, Cultural Immersion Camp (high dose); UDC, University Day Camp (moderate 
dose); RSC, Recreational Sports Camp (low dose) 
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Table 5.2. Multivariate linear regression (final) model for relationship of Adapted WillTry 
fruit and vegetable (FV) post-scores with and without cultural immersion and with and 
without culturally-adapted nutrition lessons among 3-12 year olds in Guam.  

With and without cultural immersion 

Adapted 
WillTry scale 

CIC compared to UDCa CIC compared to RSCb 

β 95% CI P β 95% CI P 

Local Novel        
 Final Modeld -0.036 -0.355 to 0.260 .76 0.003 -0.212 to 0.220 .97 

Local Common       
 Final Modeld  -0.025 -0.320 to 0.265 .85 -0.037 -0.264 to 0.188 .74 
Imported       
 Final Modeld   0.138 -0.088 to 0.334  .25 -0.147 -0.285 to 0.041  .14 

With and without culturally-adapted nutrition lessons 

Adapted 
WillTry scale 

UDC compared to RSCc  

β 95% CI P 

Local Novel    

 Final Modeld 0.013 -0.286 to 0.317 .92 

Local Common    

 Final Modeld -0.116 -0.320 to 0.265 .85 

Imported    

 Final Modeld -0.358 -0.382 to -0.036 .019e 

CIC, Cultural Immersion Camp (high dose); UDC, University Day Camp (moderate 
dose); RSC, Recreational Sports Camp (low dose); CI, confidence interval 
aUDC was used as the reference group, coded as 0 CIC and was coded as 1. Therefore, 
a negative sign indicates UDC would have a higher post-score than CIC. 
bRSC was used as the reference group, coded as 0 and CIC was coded as 1. Therefore, 
a negative sign indicates RSC would have a higher post-score than CIC. 
cRSC was used as the reference group, coded as 0 and UDC was coded as 1. 
Therefore, a negative sign indicates RSC would have a higher post-score than UDC. 
dAdjusting for Adapted WillTry pre-score, age (3-6y, 7-8y, and 9-12y), sex (boy and girl), 
and ethnicity (Chamorro, Chamorro Mixed, or Other).   
eStatistically significantly different P<0.05 
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Table 5.3. Adapted WillTry fruit and vegetable unadjusted pre- and post-scores means 
among children, 3-12 years old, in Guam by Traditions study camp program.  

 

RSC UDC CIC 

Pre-Score 
Mean ± 

SD 
(n=32) 

Post-
Score 

Mean ± 
SD 

(n=32) 

Pre-Score 
Mean ± SD 

(n=21) 

Post-
Score 

Mean ± 
SD 

(n=21) 

Pre-
Score 

Mean ± 
SD 

(n=46) 

Post-Score 
Mean ± SD 

(n=46) 

Adapted 
WillTry scale 

      

 Local Novel 2.16a±0.6 2.22a±0.6 2.44a±0.4 2.48a±0.6 2.20a±0.6 2.27a±0.6 

 Local 
Common 

2.59b±0.4 2.63b±0.4 2.54a,b±0.4 2.63b±0.5 2.40b±0.6 2.57b,c±0.5 

 Imported 2.81c±0.3 2.86c±0.3 2.87c±0.2 2.84c±0.3 2.61c±0.4 2.67c±0.5 

CIC, Cultural Immersion Camp (high dose); UDC, University Day Camp (moderate dose); 
RSC, Recreational Sports Camp (low dose) 
a,b,c Different alphas within a column indicate scores were statistically significantly different 
(P<0.05) using the paired t-test within camps  
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Figure 5.1. Details of the four culturally-adapted nutrition lessons featuring local foods 
incorporated into the cultural immersion camp (CIC) and the university day camp (UDC) 
programs delivered to children ages 3-12 years in Guam for the Traditions study. 

Lesson 1 Lesson 2 Lesson 3 Lesson 4 

Food Safety & Hand 
Washing 

A Foundation for 
Good Health 

Label Detectives Food Choices for 
Your Environment 

Key Concepts: 
• Importance of 

food safety 
• Maintaing proper 

temperatures for 
Chamorro 
dishes 

• Washing hands 
before eating 

Key Concepts 
• Protective 

Foods, Energy 
Food, Body-
Building Foods, 
Brain Foods, 
Caution Foods 

• Close to the 
source foods 

Key Concepts 
• Label reading 
• Red flag food 

ingredients 

Key Concepts 
• Trongkon Lina’la 

(“Tree of Life”) 
• Food miles 
• Environmental 

impacts of food 
choices 

• Environmental 
stewardship 

Activities: 
1) Handwashing  

song, “Biba 
Komplianos” (20 
seconds) 

2) Clean 
(Na’gasgas), 
Separate 
(Na’asangi), 
Cook (Fatinas), 
Chill 
(Na’manenghen
g) Worksheet & 
Activity 

Activities: 
1) Close to the 

source activity 
with många 
(mango) 

2) Exploring the 
Pacific Food 
Guide 

3) Planning a 
healthy 
breakfast 

Activities:  
1) Identifying Red 

Flag ingredients 
of common 
snack foods for 
children at camp 

2) Measuring sugar 
in popular 
bevarages in 
Guam 

Activities: 
1) Comparing food 

miles between 
local banana 
(chotda/aga’ 
håya) and 
banana from US 
Mainland (aga’ 
lagu) 

2) Evaluate ways to 
keep the 
environment 
safe 

Recipe: 
Breadfruit kabobs: 
steamed breadfruit 
dipped in warm 
cococnut milk 

Recipe: 
Eggplant (egg) 
scramble  

Recipe: 
Papaya and/or 
mango smoothie 

Recipe: 
Soursop popsicles 
and frozen or 
dehydrated star fruit  
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Figure 5.2. Summary of the Traditions study camp programs philosophy, subject areas, activities, 
and language spoken.  

Philosophy 
/ Mission 

To promote and 
perpetuate the Chamorro 
language and culture 
through the 
implementation of 
immersion 

Food, Fitness, & Fun: To 
promote physical activity 
and healthy foods for 
children and families with 
limited-resources based on 
the OrganWise Guys® 
curricula. 

To promote health,  
recreation, physical 
activity,  and a lifetime of 
wellness in an 
environment with fun, 
cooperation, 
sportsmanship, and 
environmental awareness. 

Language Chamorro, spoken 80% of 
time 

English English 

Core 
Subject 
Areas 

Language (speaking, 
reading, & writing) 
Culture/Traditions/Values 
History (4 eras) 

Ties healthy eating to 
human anatomy  and 
physiology. Links core 
curricula standards: Math, 
language arts, and science 

Daily physical activity,  
age-appropriate skill 
development in various 
sports,  and recreational 
games. 

Activities Food: 
• Cooking Chamorro food 
• Planting /gardening of 

local produce using 
traditional and modern 
practices 

• Expression of Chamorro 
values (e.g. “apate,” 
“infa’maolek,” 
“chenchule’” 

Physical Activity: 
• Dancing/Chanting 
• Chamorro games 
• Canoe paddling 
Arts & Crafts: 
• Hut thatching/weaving 
• Carving body ornaments 
Historical fieldtrips: 
• Hiking to and camping at 

historical sites 

Food: 
• Cooking heart-healthy 

recipes 
• Maintaining a garden to 

reduce cost of buying 
produce 

• Foods tied to health 
issues and physiology 

Physical Activity: 
• Contemporary activities 

(e.g., Zumba, bowling) 
• Sporting games (e.g., 

soccer, volleyball, jump 
rope) 

Arts & Crafts: 
• Daily food journal and 

related activities 
Fieldtrips: 
• Store tours, outings for 

sports 

Physical Activity: 
• Indoor sporting and 

recreational activities 
(e.g., basketball,  
volleyball, dance) 

• Outdoor sporting and 
recreational activities 
(e.g., football, softball, 
freeze tag) 

Arts & Crafts: 
• Homemade  object to 

use for physical activity 
(e.g., hacky sack/bean 
bag) 

• Coloring worksheets 
(e.g., safe stretching) 

Fieldtrips 
• Hike or outdoor 

excursion (e.g., 
waterfalls, caves, 
beaches) 

• Water Park 
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Assess for eligibility 

Summer camps over 4 weeks serving 3-12 year olds in Guam 
 

Cultural Immersion 
Camp (CIC) 

n=54 

University Day Camp 
(UDC) 
n=23 

Recreational Sports 
Camp (RSC) 

n=74 

Excluded (n=6): 
Declined to 

participate (n=2) 
Not meeting inclusion 

criteria, age > 12 y 
(n=4)     

 

Excluded (n=40): 
Not meeting 

inclusion 
criteria, age > 
12 y (n=40)     

      
 

Excluded (n=0) 
 

Intervention (n=47) 
 

Cultural immersion 
and culturally adapted 

nutrition lessons 

Intervention (n=34) 
 

Delayed culturally 
adapted nutrition 

lessons 

Intervention (n=23) 
 

Culturally adapted 
nutrition lessons 

Lost to follow-up (n=1): 
Moved (n=1) 

Lost to follow-up (n=1): 
Could not be reached 
(n=1) 
 

Lost to follow-up (n=2): 
Moved (n=1) 
Could not be reached 
(n=1) 
 

Analyzed (n=46) Analyzed (n=21) 
Analyzed (n=32): 

Excluded from analysis, 
age>12 (n=1) 

Figure 5.3. Assessment for eligibility in summer camp programs in Guam serving 
children 3-12 years old for the Traditions study. 



 

95 
 

5.9. References 

1. Institute of Medicine. Preventing childhood obesity: health in the balance. 

Washington, DC: The National Academy Press, 2005. 

2. Huang TT, Drewnowski.A, Kumanyika SK, Glass TA. A systems-oriented multi-

level framework for addressing obesity in the 21st centry. Prev Chronic Dis 

2009;6(3):1-10. 

3. Govula C, Kattelman K, Ren C. Culturally appropriate nutrition lessons increased 

fruit and vegetable consumption in American Indican children. Top Clin Nutr 

2007;22(3):239-245. 

4. Blanchette L, Brug J. Determinants of fruit and vegetable consumption among 6–

12 year-old children and effective interventions to increase consumption. J Hum 

Nutr Dietet 2005;18:431-443. 

5. Baranowski T, Baranowski J, Cullen KW, Thompson DI, Nicklas T, Zakeri, IF, et 

al. The fun, food, and fitness project (FFFP): The Baylor GEMS pilot study. 

Ethnicity & Disease 2003;13(S1):S30-S39. 

6. Pobocik RS, Montgomery D, Roff Gemlo L. Modification of a School-Based 

Nutrition Education Curriculum to be Culturally Relevant for Western Pacific 

Islanders. J Nutr Educ 1998;30(3):164-9. 

7. Ventura AK, Worobey J. Early influences on the development of food 

preferences. Curr Biol 2013;23(9):401-408. 

8. Aflague TF, Leon Guerrero RT, Boushey CJ. Adaptation and evaluation of the 

WillTry tool to assess willingness to try fruits and vegetables among children 3-

11y in Guam. Prev Chronic Dis 2014; 11:140032. 

http://dx.doi.org/10.5888/PCD11.140032. 

9. Thomson JL, McCabe-Sellers BJ, Strickland E, Lovera D, Nuss HJ, Yadrick K, et 

al. Development and evaluation of WillTry. An instrument for measuring 

children's willingness to try fruits and vegetables. Appetite 2010;54(3):465-72. 

10. Snowdon W, Raj A, Reeve E, Guerrero RLT, Fesaitu J, Catine K, et al. 

Processed foods available in the Pacific Islands. Global Health 2013;9:53. 

11. Popkin BM. Contemporary nutritional transition: determinants of diet and its 

impact on body composition. Proc Nutr Soc 2011;70(1):82-91. 



 

96 
 

12. Kuhnlein HV, Receveur O. Dietary change and traditional food systems of 

indigenous peoples. Annu Rev Nutr 1996;16:417-442. 

13. Satia-Abouta J, Patterson R, Neuhouser M, Elder J. Dietary acculturation 

applications to nutrition research and dietetics. JADA 2002;102(8):1105-1118. 

14. Torsch V. Living the health transition among the Chamorros of Guam. Pacific 

Health Dialog 2002;9(2):264-274. 

15. Kuhnlein H, Erasmus B, Creed-Kanashiro H, Englberger L, Okeke C, Turner N, 

et al. Indigenous peoples' food systems for health: finding interventions that work. 

Public Health Nutr 2007;9(8):1013-1019. 

16. Renzaho AM, Swinburn B, Burns C. Maintenance of traditional cultural 

orientation is associated with lower rates of obesity and sedentary behaviours 

among African migrant children to Australia. Int J Obes (Lond) 2008;32(4):594-

600. 

17. Lind C, Mirchandani GG, Castrucci BC, Chavez N, Handler A, Hoelscher DMl. 

The effects of acculturation on healthy lifestyle characteristics among Hispanic 

fourth-grade children in Texas public schools, 2004-2005. J Sch Health 

2012;82:166-174. 

18. Harris AD, McGregor JC, Perencevich EN, Furuno JP, Zhu J, Peterson DE, et al. 

The use and interpretation of quasi-experimental studies in medical informatics. J 

Am Med Inform Assoc 2006;13(1):16-23. 

19. Kokua Hawiʻi Foundation Resources: 'AINA Nutrition Education Unit Overview. 

Hale'iwa (HI): Kokua Hawaiʻi Foundation. 

http://kokuahawaiifoundation.org/aina/resources. Updated January 16, 2014. 

Accessed March 8, 2014.  

20. Daugherty BL, Schap TE, Ettienne-Gittens R, Zhu FM, Bosch M, Delp EJ, et al. 

Novel technologies for assessing dietary intake: evaluating the usability of a 

mobile telephone food record among adults and adolescents. J Med Internet Res 

2012;14(2):e58. 

21. Six BL, Schap TE, Zhu FM, Mariappan A, Bosch M, Delp EJ, et al. Evidence-

based development of a mobile telephone food record. J Am Diet Assoc 

2010;110(1):74-9.  



 

97 
 

22. Aflague TF, Boushey CJ, Leon Guerrero RT, Ahmad Z, Delp EJ. Evaluating the 

usability of the mobile telephone food record for capturing eating occasions 

among children ages 3-11 years in Guam. Honolulu (HI): 26th Annual CTAHR 

and COE Student Research Symposium, 2014. Available at: 

http://cms.ctahr.hawaii.edu/Portals/27/2014%20SRS%20Program-FINAL.pdf. 

23. Kaholokula JK, Iwane MK, Nacapoy AH. Effects of rerceived racism and 

acculturation on hypertension in Native Hawaiians. Hawaii Medical Journal 

2010;69(Suppl 3):11-15. 

24. Friedman LM, Furberg CD, DeMets DL. Fundamentals of Clinical Trials. John 

Wright, PSG Inc; 1980. 

  



 

98 
 

CHAPTER 6. PREVALENCE OF EARLY CHILDHOOD  
OVERWEIGHT AND OBESITY IN GUAM. 

 

6.1.  Introduction to publication 

This chapter (Chapter Six) is a reformatted version of the manuscript entitled 

“Prevalence of early childhood overweight and obesity and trends of body mass index 

among Head Start children in Guam, 2008-2014” to be submitted to the Maternal and 

Child Nutrition Journal. This chapter presents results from the analyses of data provided 

by the Guam Head Start Program. The study was conducted to address Objective 5 of 

this dissertation, which was to determine the prevalence of early childhood overweight 

and obesity in Guam and establish a relationship that will promote the development of a 

monitoring system of overweight and obesity in early childhood in Guam. 

 

6.2.  Prevalence of early childhood overweight and obesity and trends of body mass 
index among Head Start children in Guam, 2008-2014. 
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6.3. Abstract 

Childhood overweight and obesity prevalence remain high for the United States and 

territories, yet the racial/ethnic disparities appear to be widening. However, the burden 

among ethnic groups in Guam is not clear. Childhood obesity predicts adolescent and 

adult obesity and increases chronic disease risks. This study was a cross-sectional 

investigation of 3,338 age and sex-adjusted BMI measurements for children, 3-5 years, 

in the Guam Head Start Program offered over 6 school years (SY) between 2008-2014. 

Overweight or obese and obesity prevalence rates for 6 SY periods (i.e., 2008-2009, 

2009-2010, 2010-2011, 2011-2012, 2012-2013, and 2013-2014) were computed. 

Logistic regression analyses were performed adjusting for SY, sex, and race/ethnic 

group. Data were also examined over the 6-year period for trends. In SY 2013-2014, 

20.5% of children, 3-5 years enrolled in the Guam Head Start Program, were 

overweight or obese and 9.5% were obese. Chamorro and Other Micronesian children 

had the greatest or second greatest overweight or obese prevalence. There were no 

significant differences by sex or ethnic group within a SY, as well as, no differences or 

trends across time. When the data for all SY were merged (n=3,337), boys had a higher 

BMI than girls (P<0.05) and Multi-Race/Ethnic children had a lower overweight or obese 

prevalence than Chamorro (P=0.02), Other Micronesian (P=0.03), and Other 

Race/Ethnic children (P=0.00). The ethnic disparities appeared more pronounced after 

disaggregating the data available in Guam for 2011-2012 when compared to children of 

the same age in US contiguous states, especially for Chamorros and Other 

Micronesians.  

 
Keywords: childhood obesity, Pacific Islanders, Guam Head Start Program 
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6.4. Background 

Childhood obesity significantly predicts adolescent and adult obesity1,2, as well as, 

increases the risk of developing chronic diseases3,4. Childhood obesity has been and 

continues to be a major public health concern. Guam is no exception to the childhood 

obesity epidemic. Guam is a US territory located in the northwestern Pacific Ocean, 

approximately 3,700 miles west of Hawaii and 1,300 miles southeast of Japan. 

Chamorros are the original inhabitants of Guam, though the current population of Guam 

is characterized by substantial ethnic variation5: 42% Chamorro, 33% Filipino, 7% 

White, 6% other Asian, 8% other Pacific Islander, and 4% other ethnicity. This ethnic 

diversity on Guam evolved through centuries of migration that continues today6. 

 

Although child obesity data are limited for Guam, a recent systematic review reported 

childhood overweight and obesity prevalence using measured anthropometric data 

collected by several agencies in Guam. The prevalence of overweight or obesity (≥85th 

BMI percentile of the CDC Growth Charts) among children 2-5 years in Guam was 

52.7% in 2009 and 27.2% in 2011-2012 among participants in the Special Supplemental 

Nutrition Program for Women, Infants, and Children (WIC) and the Guam Head Start 

program, respectively7. When compared to 2-5 year olds in the contiguous United 

States the prevalence is notably greater among children in Guam where the overweight 

or obese prevalence was 26.7% and 22.8%, for 2009-2010 and 2011-2012, 

respectively8,9. Furthermore, there are differences in childhood overweight and obesity 

among racial groups that is underscored by the higher overweight or obese prevalence 

among Non-Hispanic Blacks (21.9%) and Hispanics (29.8%) relative to Non-Hispanic 

Whites (20.9%) as per the 2011-2012 National Health and Nutrition Examination Survey 

(NHANES) data for 2 to 5 year olds9. Moreover, for the same year, the overweight or 

obese prevalence in Guam (27.2%) was also higher than that Non-Hispanic Whites. On 

the other hand, Non-Hispanic Asians (9.0%) had the lowest childhood overweight or 

obese prevalence. These differences in childhood overweight and obesity prevalence 

highlight the need for data stratified by ethnicity to gain a better understanding of the 

burden in Guam due to its ethnically diverse population. Yet no published studies to 

date have reported early childhood overweight and obesity prevalence by race or ethnic 
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group in Guam. The opportunity to report stratified weight status by ethnicity is critical to 

bring to light and address obesity and health disparities among indigenous populations 

throughout the Pacific Region10. 

 

The objectives of this study were to provide the most recent estimates of overweight 

and obesity prevalence among young children registered in the Guam Head Start 

Program for six school years 2008-2014; report trends in body mass index (BMI) from 

2008-2014; and stratify weight status for all years by ethnicity. 

 

6.5. Methods 

Study design: This study was a cross-sectional investigation of 3,338 age and sex-

adjusted BMI [weight, kg/(height, m2)] measurements for children, 3-5 years, in the 

Guam Head Start Program offered over 6 school years (SY) between 2008-2014. Given 

multiple school years, this study examined the data over the time-period for trends. Data 

were analyzed from 27 Head Start centers or classrooms throughout Guam in 20 Guam 

Department of Education (GDOE) elementary school campuses. The GDOE is the 

grantee for the program, which is funded by the Department of Health and Human 

Services, Administration for Children Youth and Families, and Office of Head Start 

program. BMI is the measurement the Head Start program uses to evaluate how a child 

is growing that meets the Performance Standard 1304.23(a)(1)(2)(3) requirement that 

each child enrolled in the program be screened for nutritional problems11. Additionally, 

as a program that operates within the GDOE system, Head Start measures heights and 

weights used to determine BMI to comply with Guam Public Law 28-8712. 

 

Data collection: Guam Head Start programs provided heights and weights, which are 

taken at several time points throughout the school year. Sex, ethnicity, and date of birth 

were recorded for each participant at the time of enrollment in the program. Race and 

ethnicity was collected as Hispanic/Latino or Non-Hispanic/Non-Latino and race is 

American Indian or Alaska Native, Asian, Black or African American, or Native 

Hawaiʻian or Other Pacific Islander, White, Biracial/Multiracial, or Other Unspecified for 

formal Head Start Program reports. Unique to the Guam Head Start Program, “ethnic 
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group” is further specified as Chamorro, Chuukese, Pohnpeian, Palauan, Filipino, or 

combination of such for example. Heights and weights were measured using a variety of 

scales and stadiometers in each center. Head Start staff members were instructed to 

measure height to the nearest one-quarter inch and weight to the nearest half pound 

after participants removed shoes. Additionally for height measurements, staff members 

instructed children to remove obstructive hair ornaments, to position their head with 

gaze level, and to place heels, buttocks, and shoulders touching the backboard of the 

stadiometer. Demographic and anthropometric data are routinely entered into the 

ChildPlus data system and the Children’s BMI Tool for Schools Excel spreadsheet 

developed by the Centers for Disease Control and Prevention (CDC). These data were 

provided to the researchers for these analyses. 

 

6.6. Data analysis 

CDC program was used to calculate children’s BMI with the height and weight 

measurements and the CDC growth grids percentiles. SAS was used to calculate BMI 

using the SAS CODE provided by the CDC13. Overweight or obese prevalence 

estimates for children were defined as at or above the sex-specific 85th percentile, but 

less than the 95th percentile, and at or above the 95th percentile on the CDC’s 2000 

BMI-for-age growth charts. Race and ethnicity as provided by the Guam Head Start 

Program was grouped into four categories: Chamorro, Other Micronesian, Other 

Race/Ethnicity, and Bi-/Multi-racial (e.g., a parent identifying his/her child race/ethnicity 

as Palauan and Japanese or Chamorro, Filipino, and Carolinian). 

 

Overweight or obese and obesity prevalence rates and 95% confidence intervals for 6 

school year (SY) periods (i.e., 2008-2009, 2009-2010, 2010-2011, 2011-2012, 2012-

2013, and 2013-2014) were computed based on the normal approximation for a 

binomial proportion. Differences among groups, such as boys and girls or race/ethnic 

groups, in obesity prevalence were examined using logistic regression. Statistical 

analyses were conducted using SAS version 9.3 (SAS Institute Inc.) and SPSS 22.0 

(IBM Statistics).  
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Logistic regression analyses were performed for each SY separately for prevalence of 

overweight or obesity, and prevalence of obesity adjusting for sex and race/ethnic 

group. Data for each SY were merged and a similar logistic regression model was used 

that included main effects for sex, race/ethnic group and SY, as well as, all pairs of two-

way interactions and the three-way interaction between all three factors. The models 

were simplified by removing interaction effects that were not significant.  The final model 

for both high body mass index parameters (i.e., overweight or obesity and obesity) and 

included only the main effects for sex and race/ethnic group. These were confirmed by 

performing contrast options for all pairwise comparisons between the four ethnic groups 

(i.e., Chamorro, Other Micronesian, Other Race/Ethnicity, and Bi-/Multi-racial) and for 

comparing boys and girls.   

 

6.7. Results 

Data from Guam Head Start Program of the Guam Department of Education were 

analyzed for children, 3-5 years, school years (sample size, mean age in months, 

percent of boys): 2008-2009 (n=523, 50.2 mos., 54.9%), 2009-2010 (n=540, 50.7 mos., 

54.1%), 2010-2011 (n=564, 51.0 mos., 49.6%), 2011-2012 (n=575, 55.9 mos., 50.8%), 

2012-2013 (n=571, 51.4 mos., 51.8%), and 2013-2014 (n=565, 50.8 mos., 55.2%). 

Table 6.1 shows the unweighted sample sizes and percentages for all SY by race/ethnic 

group and furthermore, by boys and girls.  

 

In SY 2013-2014, 20.5% of children, 3-5 years enrolled in the Guam Head Start 

Program, were overweight or obese and 9.5% were obese. For this SY, the highest 

overweight or obese prevalence among the four race/ethnic groups were Chamorro 

children (21.0%) and the highest obesity prevalence were Multi-Racial/Ethnicity (10.7%) 

and Chamorro (10.5%) children alike. Boys had a greater prevalence of both, 

overweight or obese and obesity, than girls for SY 2013-14, as well as, SYs 2009-10, 

2010-11, and 2012-13. However, there were no statistically significant differences found 

between boys and girls and the four ethnic groups within each SY.  
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Notably, of the four ethnic groups, the Other Micronesian children had the highest 

overweight or obese prevalence for three SYs (39.3% for 2008-09; 29.9% for 2009-10; 

and 34.6% for 2011-12) and second highest the other three SYs (29.2% for 2010-11; 

21.4% for 2012-13; and 20.7% for 2013-14). Chamorro children had the highest 

overweight or obese prevalence for SY 2010-11 (29.9%) and SY 2013-14 (21.0%) and 

second highest for SY 2011-12 (26.7%). Prevalence of overweight or obese and 

prevalence of obesity for all children and each SY from 2008-2014 is represented in 

Table 6.2. using the same prevalence representation reported by Ogden et al.8,9.  

 

When the data for all SYs were merged (n=3,337) there were significant differences 

between boys and girls for both BMI percentile parameters, where boys had a higher 

BMI than girls (χ2 = 9.18, df = 1; P = 0.002 for ≥85th BMI percentile and χ2 = 12.69, df = 

1; P = 0.000 for ≥95th BMI percentile). There were also significant trends observed 

across all SYs when data were pooled. Prevalence of overweight or obese (χ2 = 20.23, 

df = 1; P = 0.000) was significantly higher (b = 0.107, CI 0.060 to 0.153, SE = 0.02) 

overtime, on the other hand, obesity (χ2 = 16.94, df = 1; P = 0.000) was significantly 

lower (b = -0.127, CI -0.187 to -0.066, SE = 0.03) from SY 2008-09 to SY 2013-14.  

 

For the overweight or obese parameter, contrast test results between the Bi-/Multi-racial 

group and each of the other three ethnic groups were all significantly different (i.e., 

lower) than: Chamorro (χ2 = 5.25, df = 1; P = 0.022), Other Micronesian (χ2 = 4.67, df = 

1; P = 0.031), and Other Race/Ethnicity (χ2 = 9.26, df = 1; P = 0.002) shown in Table 

6.3. The Bi-/Multi-racial children were less likely to be overweight or obese than children 

of a single race or ethnicity. Only results between the Bi-/Multi-racial and the Other 

Race/Ethnicity groups remained significantly lower for the ≥95th BMI percentile 

parameter (χ2 = 4.54, df = 1; P = 0.033) shown in Table 6.4. There were no significant 

differences between the remaining three ethnic groups (i.e., Chamorro, Other 

Micronesian, and Other Race/Ethnicity).  With respect to this, a contrast statement to 

compare the Bi-/Multi-racial group to the average of the other three groups was created 

and the statistically significantly difference remained for both BMI percentile cut-points. 

  



 

105 
 

6.8. Conclusion:  

The ethnic disparities in overweight and obesity were more pronounced after 

disaggregating the data, especially for Other Micronesians. The significant downward 

trends in obesity prevalence in early childhood between SY 2008-2009 and SY 2013-

2014 in Guam parallels findings from NHANES data where a significant decrease in 

obesity among 2-5 year old children (from 13.9% to 8.4%; P = .03)9  was observed. This 

suggests that trends in the contiguous US states expand to US territories such as 

Guam; therefore, warrants further research to investigate the reduction in obesity 

prevalence in Guam that potentially can benefit the general population.  Information 

garnered may inform overweight prevention efforts to address the observed increasing 

trends in overweight prevalence in Guam. 
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Table 6.1. Unweighted sample sizes of children, 3-5 years old, by sex and race/ethnic 
group in the Guam Head Start program during school years 2008-09 to 2013-2014 
(n=3,337). 

 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 

 n (percent, %) 

All 523 (100) 540 (100) 564 (100) 575 (100) 570 (100) 565 (100) 

 Chamorro 318 (61) 324 (60) 311 (55) 288 (50) 312 (55) 334 (59) 

 
Other 
Micronesian 

89 (17) 97 (18) 89 (16) 107 (19) 103 (18) 92 (16) 

 
Other  
Race/Ethnicity 

56 (11) 59 (11) 76 (13) 60 (10) 50 (9) 55 (10) 

 Bi-/Multi-Racial 60 (11) 60 (11) 88 (16) 100 (17) 105 (18) 84 (15) 

Boys 287 (100) 292 (100) 280 (100) 292 (100) 295 (100) 312 (100) 

 Chamorro 169 (59) 174 (60) 154 (55) 154 (53) 156 (53) 185 (59) 

 
Other 
Micronesian 

48 (17) 44 (15) 44 (16) 54 (16) 51 (17) 44 (14) 

 
Other 
Race/Ethnicity 

35 (12) 36 (12) 39 (14) 33 (11) 29 (10) 30 (10) 

 Bi-/Multi-Racial 35 (12) 38 (13) 43 (15) 51 (16) 59 (20) 53 (17) 

Girls 236 (100) 248 (100) 284 (100) 283 (100) 275 (100) 253 (100) 

 Chamorro 149 (63) 150 (61) 157 (55) 134 (47) 156 (57) 149 (59) 

 
Other 
Micronesian 

41 (17) 53 (21) 45 (16) 62 (22) 52 (19) 48 (19) 

 
Other  
Race/Ethnicity 

21 (9) 23 (9) 37 (13) 28 (10) 21 (7) 25 (10) 

 Bi-/Multi-Racial 25 (11) 22 (9) 45 (16) 59 (21) 46 (17) 31 (12) 
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Table 6.2. Prevalence of overweight and obesity for children 3-5 years by sex and race/ethnic group in Guam Head Start 
Program for each school year between 2008-2014.  

 
% (95% CI) 

2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 

Overweight or obese (BMI for age ≥ 85 percentile of CDC growth charts) 

All 

 All 30.8 (26.9-34.9) 26.3 (22.6-30.2) 28.4 (24.7-32.3) 27.5 (23.9-31.3) 19.6 (16.4-23.1) 20.5 (17.3-24.1) 

 Boys 29.6 (24.4-35.3) 29.5 (24.3-35.0) 35.4 (29.8-41.3) 27.1 (22.0-32.5) 20.6 (16.1-25.7) 23.7 (19.1-28.8) 

 Girls 32.2 (26.3-38.6) 22.6 (17.5-28.3) 21.5 (16.8-26.7) 27.9 (22.8-33.5) 18.5 (14.1-23.7) 16.6 (12.2-21.8) 

Chamorro 

 All 29.9 (24.9-35.2) 26.2 (21.5-31.4) 29.9 (24.9-35.3) 26.7 (21.7-32.2) 18.6 (14.4-23.4) 21.0 (16.7-25.7) 

 Boys 25.4 (19.1-32.7) 30.5 (23.7-37.9) 37.7 (30.0-45.8) 25.3 (18.7-33.0) 20.5 (14.5-27.7) 22.7 (16.9-29.4) 

 Girls 34.9 (27.3-43.1) 21.3 (15.1-28.8) 22.3 (16.0-29.6) 28.4 (20.9-36.8) 16.7 (11.2-23.5) 18.8 (12.9-26.0) 

Other Micronesian 

 All 39.3 (29.1-50.3) 29.9 (21.0-40.0) 29.2 (20.1-39.8) 34.6 (25.6-44.4) 21.4 (13.9-30.5) 20.7 (12.9-30.4) 

 Boys 41.7 (27.6-56.8) 34.1 (20.5-49.9) 40.9 (26.3-56.8) 36.2 (22.7-51.5) 23.5 (12.8-37.5) 31.8 (18.6-47.6) 

 Girls 36.6 (22.1-53.1) 26.4 (15.3-40.3) 17.8 (8.0-32.1) 28.4 (20.9-36.8) 19.2 (9.6-32.5) 10.4 (3.5-22.7) 

Other Race/Ethnicity 

 All 30.4 (18.8-44.1) 28.8 (17.8-42.1) 27.6 (18.0-39.1) 26.7 (16.1-39.7) 26.0 (14.6-40.3) 20.0 (10.4-33.0) 

 Boys 37.1 (21.5-55.1) 25.0 (12.1-42.2) 30.8 (17.0-47.6) 42.4 (25.5-60.8) 27.6 (12.7-47.2) 20.0 (7.7-38.6) 

 Girls 19.0 (5.4-41.9) 34.8 (16.4-57.3) 24.3 (11.8-41.2) 7.4 (0.9-24.3) 23.8 (8.2-47.2) 20.0 (6.8-40.7) 

Bi-/Multi-Racial 

 All 23.3 (13.4-36.0) 18.3 (9.5-30.4) 22.7 (14.5-32.9) 21.0 (13.5-30.3) 18.3 (11.4-27.1) 19.0 (11.3-29.1) 

 Boys 25.7 (12.5-43.3) 23.7 (11.4-40.2) 25.6 (13.5-41.2) 13.0 (4.9-26.3) 15.5 (7.3-27.4) 22.6 (12.3-36.2) 

 Girls 20.0 (6.8-40.7) 9.1 (1.1-29.2) 20.0 (9.6-34.6) 27.8 (16.5-41.6) 21.7 (10.9-36.4) 12.9 (3.6-29.8) 
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Table 6.2. (continued) 

 % (95% CI) 

 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 

Obese (BMI for age ≥ 95 percentile of CDC growth charts) 

All       

 All 16.1 (13.0-19.5) 14.6 (11.8-17.9) 15.1 (12.2-18.3) 13.6 (10.9-16.6) 9.3 (7.0-12.0) 9.4 (7.1-12.1) 

 Boys 16.0 (12.0-20.8) 16.8 (12.7-21.6) 19.3 (14.8-24.4) 14.0 (10.3-18.6) 11.8 (8.4-16.1) 11.9 (8.5-16.0) 

 Girls 16.1 (11.7-21.4) 12.1 (8.3-16.8) 10.9 (7.5-15.1) 13.1 (9.4-17.6) 6.5 (3.9-10.1) 6.3 (3.7-10.1) 

Chamorro       

 All 15.1 (11.3-19.5) 14.8 (11.1-19.2) 15.4 (11.6-19.9) 13.9 (10.1-18.4) 9.6 (6.6-13.4) 10.5 (7.4-14.3) 

 Boys 14.2 (9.3-20.4) 16.1 (11.0-22.4) 19.5 (13.5-26.6) 13.0 (8.1-19.3) 13.5 (8.5-19.8) 11.4 (7.2-16.8) 

 Girls 16.1 (10.6-23.0) 13.3 (8.3-19.8) 11.5 (6.9-17.5) 14.9 (9.4-22.1) 5.8 (1.2-16.2) 9.4 (5.2-15.3) 

Other Micronesian 

 All 15.7 (8.9-25.0) 16.5 (9.7-25.4) 16.9 (9.8-26.3) 16.8 (10.3-25.3) 5.8 (2.2-12.2) 6.5 (2.4-13.7) 

 Boys 18.8 (9.0-32.6) 25.0 (13.2-40.3) 25.0 (13.2-40.3) 14.9 (6.2-28.3) 5.9 (1.2-16.2) 13.6 (5.2-27.4) 

 Girls 12.2 (4.1-26.2) 9.4 (3.1-20.7) 8.9 (2.5-21.2) 27.3 (13.3-45.5) 5.8 (1.2-15.9) 100 (92.6-100) 

Other Race/Ethnicity 

 All 21.4 (11.6-34.4) 16.9 (8.4-29.0) 14.5 (7.5-24.4) 15.0 (7.1-26.6) 16.0 (7.2-29.1) 5.5 (1.1-15.1) 

 Boys 22.9 (10.4-40.1) 13.9 (4.7-29.5) 15.4 (5.9-30.5) 27.3 (13.3-45.5) 24.1 (10.3-43.5) 6.7 (0.8-22.1) 

 Girls 19.0 (5.4-41.9) 21.7 (7.5-43.7) 13.5 (4.5-28.8) 100 (87.2-100) 4.8 (0.1-23.8) 4.0 (0.1-20.4) 

Bi-/Multi-Racial 

 All 16.7 (8.3-28.5) 8.3 (2.8-18.4) 12.5 (6.4-21.3) 7.0 (2.9-13.9) 8.7 (4.0-15.8) 10.7 (5.0-19.4) 

 Boys 14.3 (4.8-30.3) 13.1 (4.4-28.1) 16.3 (6.8-30.7) 6.5 (1.4-17.9) 6.9 (1.9-16.7) 15.1 (6.7-27.6) 

 Girls 20.0 (6.8-40.7) 100 (84.6-100) 8.9 (2.5-21.2) 7.4 (2.1-17.9) 10.9 (3.6-23.6) 3.2 (0.1-16.7) 
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Table 6.3. Contrast test results (p-values) between the four race/ethnic groups using 
pairwise comparisons of the prevalence of overweight and obesity (BMI for age ≥85th 
percentile of CDC growth charts) among children registered at Guam Head Start 
Program between 2008-2014 (n=3,337). 

 
Chamorro 

Other 
Micronesian 

Other 
Race/Ethnicity 

Bi-/Multi-Racial 

Chamorro 1.00 0.59 0.99 0.02* 

Other 
Micronesian 

 1.00 0.46 0.03* 

Other 
Race/Ethnicity 

  1.00 0.00* 

Bi-/Multi-Racial    1.00 

*Statistically significantly different, P<0.05 

 

Table 6.4. Contrast test results (p-value) between the four race/ethnic groups using 
pairwise comparisons of the prevalence of obesity (BMI for age ≥95th percentile of CDC 
growth charts) among children registered at Guam Head Start Program between 2008-
2014 (n=3,337). 

 
Chamorro 

Other 
Micronesian 

Other 
Race/Ethnicity 

Bi-/Multi-Racial 

Chamorro 1.00 0.05 0.64 0.07 

Other 
Micronesian 

 1.00 0.19 0.05 

Other 
Race/Ethnicity 

  1.00 0.03* 

Bi-/Multi-Racial    1.00 

*Statistically significantly different, P<0.05 
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CHAPTER 7. CONCLUSION 

7.1. Implications 

This dissertation contributes to research addressing FV consumption of young children 

in Guam through the development of an assessment tool of FV preferences that is 

relevant to Guam and examination of a novel dietary assessment for young children. 

The Traditions study demonstrated an extension of community-based participatory 

research in that existing summer camp programs in Guam were enhanced with the 

incorporation of culturally adapted nutrition lessons as part of a community partnership 

between the camps and researchers. Furthermore, the lessons aligned with camp 

program philosophies and contributed to future program development, as well as, 

empowered the community programs to expand their activities to include locally 

available foods to address health and wellness, which is a significant component to the 

camp missions. Lastly, this dissertation explored partnerships with local agencies 

currently collecting anthropometric data in Guam to initiate a public dissemination 

strategy. These activities have the potential to guide childhood obesity prevention 

programs designed for populations throughout the Pacific.  

 

The three distinct food scales (i.e., local novel, local common, and imported) of the 

Adapted WillTry and the distinct scores associated with each scale were consistent with 

the nutrition transition. This occurrence elucidates a new concept for use of the Adapted 

WillTry tool of measuring and monitoring the nutrition transition in Guam. The success 

of the adaption of the original tool of including novel and common FV to Guam 

(Objective 1) highlights the potential for this tool to be adapted for other Pacific 

populations and used to monitor the nutrition transition, as well. Thus, Adapted WillTry 

tool has the potential of capturing shifts in local food preferences, as well as FV, in 

general for Pacific jurisdictions that are involved with the CHL program. 

 

The Adapted WillTry tool permitted children to self-report their FV preferences. Being 

that preference is considered a mediator to FV intake, to confirm this relationship in 

future research children’s FV self-reported FV intake is critical. From this dissertation, 

young children have demonstrated that they are indeed capable of capturing their 
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dietary intakes using the mFR (Objective 2); however, age appropriate operations to the 

mFR app are needed for young users. Despite modifications, further research is needed 

to determine the level of involvement a parent or caregiver provides to a child when 

he/she uses the mFR for multiple eating occasions, as well as, the age that children can 

use the mFR independently. Nonetheless, this novel image-based dietary assessment 

method provides valuable advances in capturing children’s self-reported intake that 

aligns with technology advances in, what is now, common devices and overrides 

cognitive abilities and literacy levels.  

 

The implications of the Traditions study are novel as it is one of the first studies to 

examine the influence of cultural immersion on dietary behaviors and extends beyond 

culturally relevant curriculum or programs (Objective 3). The significance of exploring 

cultural immersion is that it creates a space within places that have experienced 

colonization where a predominant culture exists that reinforces aspects of minority or 

indigenous cultures that are vulnerable when there are weak, absent, or undermined 

social structures, which reinforce traditional cultures. A place where traditional food 

systems, which are items from the local, natural envrionment that are culturally 

acceptable1, are explored traditional knowledge is taught. Often times traditional food 

systems is the responsibility of a community; therefore, using local cultural food 

resources to educate has the potential to encourage and build community pride2. 

Children who participated in a cultural immersion school program became fully proficient 

in the language, as well as full participants in the cultural life of their community and 

were able to graduate from high school to go on to college 3. A child’s early experiences 

with foods and food acceptance is central to food preference, hence FV intake4. Culture 

provides the context of meaning for individual behaviors and is, therefore, a critical 

element to influential behavioral interventions, such as FV intake, mediated by FV 

preference 4,5. Despite the significance of cultural immersion programs in the Pacific 

there are few that exist and are in operation regularly, which makes this dissertation 

unique.  
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The broader implications of the Traditions study is the model the study design provides 

to guide future work with indigenous populations that continue to explore the influences 

of culture on dietary behavior. Many indigenous populations have traditional values and 

creation stories that connect people to the land and the traditional food systems where 

often times fruits and vegetables are central. Future work in this area should explore the 

cultural meanings of food and cultural contexts that underline relationships around food 

and the traditional food system to capture determinants to fruit and vegetable 

preference or intake from an indigenous framework. This would include a qualitative and 

quantitative study design and methods to continue the work of the Traditions study to 

gain a better understanding of dietary behavior of indigenous peoples through traditional 

practices, values, stories, and relationships. In turn this holds the potential to develop 

more meaningful and relevant approaches to improve health among indigenous 

populations. 

 

Moreover this dissertation complements policies in Guam that result from Public Laws. 

The first, is Public Law 31-45 that expands the Chamorro language and culture 

curriculum and credit/year requirement for elementary, middle, and high schools 

students in the Guam Deparmentment of Education (GDOE)6. This highlights the 

community need for culturally adapted curricula, which the Traditions study has made 

headway with the four culturally adapted nutrition lessons used to enhance summer 

programs. Therefore, contributing to the available Chamorro culturally relevant/adapted 

curricula. Another policy governed by P.L. 28-87 is the Local School Wellness Policy7 

which encompasses the encouragement of healthy school snacks, like fruits and 

vegetables, and the annual height and weight measurements to calculate BMI of 

children attending the GDOE, including Guam Head Start Program8. This dissertation 

extends the impact of the ongoing routine anthropometric measurments being collected 

within the Guam Head Start Program to disseminating the data for future researchers 

(Objective 4). From this data exchange, a relationship has been established that will 

lead to the systematic dissemination of data that will assist in the evaluation programs 

and monitoring of the overweight and obeisty prevalence. This will inform the 

development new childhood obesity prevention efforts or improve current programs.  
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7.2.  Limitations 

A limitation of the Traditions and the feasibility and usability of using the mFR studies 

was the lack of involvement of parents. Guided by the Pro Children Theoretical 

Framework and the socio-ecological model parents are a critical component of a child’s 

home and social environment; therefore, assessments capturing foods available at 

home and/or the parents’ food preferences and including parents in the nutrition 

education may have had a greater impact in shifting FV preferences or intake in the 

Traditions study. Perhaps parental involvement with the use of the mFR may have 

enhanced usability with regard to remembering to capture after images or all eating 

occasions.  

 

Children’s willingness to try FV was measured as willingness will correspond with FV 

intake based on the predictive validity of the original WillTry tool9, however it is likely 

that FV intake is highly associated with FV availability and access - at home, school, 

and/or camp. Therefore, if the fruit and/or vegetable are not available the child more 

likely will not have a change in FV intake. However, in summer camp settings, 

willingness to try FV can be influenced by peer role-modeling and positive reinforcement 

by camp leaders. Yes, FV included in the Adatped WillTry could be considered test 

foods and without all these foods being offered (e.g., prepared or tasted) at the 

Traditions study camps, significant shifts (improvements) in FV preference and/or FV 

intake was not observed.  

 

7.3. Conclusion 

Guam is no exception to the childhood overweight and obesity epidemic as evidenced 

by the high body mass index among 3-5 years olds enrolled in the Guam Head Start 

Program. Although, prevalence rates among this age group appear to be improving in 

more recent years, childhood obesity prevention efforts are still warranted to address 

the ethnic disparity among Chamorro and Other Micronesian children. The shift in 

nutritional status, such as obesity, experienced by many Pacific cultures in and around 

Micronesia have correlated to dietary shifts away from a traditional diet to a diet high in 

excess energy, fat, and sugar as explained in the nutrition transition. One of the factors 



 

117 
 

that drive the shifts and changes is culture which suggests that childhood obesity 

prevention and intervention that include cultural contexts unique to Guam and 

Micronesia are warranted. For this reason, the Traditions study is significant by 

providing a model for establishing community partnerships and conducting an 

experiment of an under explored research area (i.e., cultural immersion) when a 

controlled study design is not feasible.  

 

Furthermore, culturally appropriate assessment tools to be used with indigenous 

populations in Micronesia are needed for childhood obesity prevention and intervention 

efforts in this region. The Adapted WillTry tool is a validated assessment instrument for 

measuring willingness to try FV among children in Guam and can be used in 

interventions similar to theTraditions study and prevention efforts in Guam and 

potentially throughout the Pacific. Finally, this dissertation demonstrated image-based 

dietary assessment methods, such as the mFR, is feasible among young children in 

Guam with age appropriate adaptations and some level of parental involvement. 

Therefore eliminating bias from surrogate reporters and enhancing dietary collection 

among children by making self-reported dietary intake in and out of common settings for 

children, e.g., school. 
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APPENDIX A 

FV interventions: School-based 

Author / 
Study title 

Participants 
Duration / 
No. of 
lessons 

Intervention 
Content 

Results: 
Diet/Mediators 

Lowe et al., 
20041 

 
The Food 
Dudes & 
healthy eating 
programme 

n=402 
4-11 year 
olds 
Boys & girls 
Caucasian 

Phase I: 12 
days 
FV provided 
offered 
Phase II: 16 
days 
intervention  
+ FV 
3-4 
days/week 

peer-modeling 
(Food Dude 
videos); 
rewards-based 
(e.g. sticker); 
and 
FV exposure (4 
of F and 4 of V) 

Visual plate 
waste: 
+2.54 FV 
portion/day for the 
4-7 year olds 
+2.18 FV 
portion/day for 7-
11 year olds 
Questionnaires 
by teachers: 
Expressed liking 
for FV 

Witt & Dunn, 
20122 

 
Color Me 
Healthy (CMH) 
Curriculum 

n=165 
4-5 year olds 
Boys & girls 
Ethnicity: Not 
specified 

6 weeks 
3, 15-30 
minute 
lessons per 
week 

FV exposure at 
snack time 
(once/day) 

Plate waste: 
Increased FV 
intake at 1 week 
and 3 months 
after intervention 
(P <.001 for all). 

Baranowski et 
al., 20003 & 
Davis et al., 
20004 

 
Gimme 5 

n=1,253 
4th and 5th 
graders 
Boys & girls 
Euro-
American & 
African 
American 

6 weeks 
12 sessions 

FJV tasting; 
FJV 
preparation; 
Goal 
setting/problem 
solving; and role 
playing 

7-Day Food 
Record: 
+0.2 FV 
servings/day in 
intervention vs. 
control 
Improved FV 
asking behavior 

Cunningham-
Sabo, L. & 
Lohse, B., 
20135 

 
Cooking with 
Kids (CWK) 

n=257 
4th graders 
Boys & girls 
Mostly 
Hispanic 

3.5 months 
5 lessons (1-
2 hours 
each) 

Cooking* and 
food education 
lessons; FV 
exposure 
Trained staff 

Preference, 
Attitude, and Self-
Efficacy Measure: 
Increased V 
preferences 
(P≤.03) and 
attitude (P≤.02) 

 
References 
1. Lowe, C.F., Horne, P.J., Tapper, K., Bowdery, M., & Egerton, C. (2004) Effects of a 

peer modeling and rewards-based intervention to increase fruit and vegetable 
consumption in children. Eur J Clin Nutr. 58, 510-522. 

2. Witt, K.E. & Dunn, C. (2012). Increasing fruit and vegetable consumption among 
preschoolers: evaluation of Color Me Healthy. J Nutr Educ Behav. 44, 107-113. 
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APPENDIX A 
References (continued)  
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4. Davis, M., Baranowski, T., Resnicow, K., Baranowski, J., Doyle, C., Smith, M., Wang, 
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health: process evaluation. Health Educ Behav. 27, 167-176. 
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APPENDIX B 

FV Interventions: Out-of-school day setting 

Author / 
Study title 

Participants Duration / 
No. of 
lessons 

Intervention 
Content 

Results:  
Diet/Mediators 

Baranowski et 
al., 20021  
 
The 5-a-day 
achievement 
badge 
programme 
(Boy Schouts) 

n=186 
9-18 year olds 
Boys 
African 
American & 
Mexican-
American 

8 weeks FV lessons; FV 
exposure; social 
marketing; 
rewards based; 
parental 
involvement 
Trained staff 

24hr Recall: 
+0.8 FV 
servings/day 
(P=.09) 
+0.5 V 
servings/day 
(P=.09)  
Preference form: 
Increased FV 
asking behaviors 

Cullen et al, 
19972 

 
The Eat 5 
badge (Girl 
Scouts) 

n~300 
4th-6th graders 
Girls 
Caucasian, 
Hispanic, 
African 
American, and 
Other 

4 weeks 
4 sessions 
(troop 
meetings:         
1-2x/wk) 

FV lessons; FV 
exposure; goal 
setting and 
problem solving; 
and parental 
involvement 

1-day food 
recognition form: 
+0.4 FV 
servings/day in 
intervention 
compared to 
control (P<.0019) 
Determinants of 
Food Behavior 
Questionnaire: 
Increased F 
(P<.0459) and V 
(P<.0496) 
preference  

Kelder, et al, 
20043 

 
CATCH Kids 
Club: pilot 
after-school 
study.  

n=157 
3-5th graders 
Boys & Girls 
White, 
Hispanic, 
African 
American , 
and Other  

5 months FV/nutrition/PA 
education, daily 
PA, and FV 
exposure (1x/wk) 

24hr Recall: 
Positive 
intervention effect 
for V intake 
(P<.0003) 

 
References: 
1. Baranowski, T., Baranowski, J., Cullen, K.W., DeMoor, C., Rittenberry, L., Herbert, 

D., & Jones, L. (2002) Five a day achievement badge for African-American boy 
schouts: pilot outcome results. Prev Med. 34, 353-363. 

2. Cullen, K.W., Bartholomew, K., & Parcel, G.S. (1997). Girl scouting: an effective 
channel for nutriiton education. J Nutr Educ Behav. 29, 86-91. 
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APPENDIX B 
References (continued): 
3. Kelder, S., Hoelscher, D.M., Barroso, C.S., Walker, J.L., Cribb, P., & Hu, S. (2004) 

The CATCH Kids Club: a pilot after-school study for improving elementary students’ 
nutrition and physical activity. Pub Health Nutr. 8(2), 133-140. 
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APPENDIX C 

FV Interventions: Summer Camp 

Author / 
Study title 

Participants Duration / 
No. of lessons 

Intervention 
Content 

Results:  
Diet/Mediators 

Seal N & 
Seal J, 
20101 

 

Wellness  
Summer 
Camp 
(WSC) 

n=18 
8-12 year olds 
Boys & girls 
White 

10 days PA and nutrition 
education 
Trained staff 

Self-report 
survey: 
Increased 
healthy eating 
behaviors  
(P=.000); self-
perception of 
competence 
(P=.001) 

Wong et al, 
20092 

 
Kamp 
K’aana: 
Innovative 
Residential 
Summer 
Camp for 
Obese 
Children 

n=21 
10-14 year 
olds 
Boys & girls 
(BMI ≥ 95th 
percentile) 
American 
Indian /Native 
American 

2 weeks, 
residential 
10 lessons (1 
hr each) 

FV/Nutrition (6) 
/PA (4) 
education; FV 
exposure; all 
meals provided 

Anthropometry: 
-1.60±0.48 
kg/m2 (BMI) 
-0.12±0.06 
kg/m2 (BMI z 
score) 

Heim, S., 
Stang, J., 
and Ireland, 
M., 20093 
 
Delicious 
and 
Nutritious 
Garden (at 
YMCA 
camp) 

n=93 
8-11 year olds 
Boys & girls 
White, 
Hispanic, 
Asian 
American, 
Mixed, African 
American 

12 weeks 
3 
activities/week 

Garden-based 
activities 
(2x/week); 
weekly 
nutrition/cooking 
educational 
activities; FV 
exposure  

FV exposure 
and preference 
survey: 
Increased 
vegetable 
exposure 
(P<.001)and 
preferences 
(P<.001) 
7-Item Scale: 
FV asking 
behavior at 
home (P<.002) 

 
References:  
1. Seal, N. & Seal, J. (2010) Developing healthy childhood behaviour: outcomes of a 

summer camp experience. International Journal of Nursing Practice. 17, 428-434. 
2. Wong, W.W., Abrams, S.H., Mikhail, C., Terrazas, N.L., Wilson, T.A., Arceao, D., 

Mrowczynski, P.K., King, K.L., Stansel, A.D., Albright, A.N., Barlow, S.E., Brown, 
K.O., Brown, J.D., & Klish, W.J. (2009). An innovative summer camp program 
improves weight and self-esteem in obese children. Journal of Pediatric 
Gastroenterology and Nutrition. 49, 493-497. 
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vegetable consumption among children. J Am Diet Assoc. 109, 1220-1226. 
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APPENDIX D 

FV Interventions: Culturally-Relevant 

Author / 
Study title 

Participants Duration / 
No. of 
lessons 

Intervention 
Content 

Results:  
Diet/Mediators 

Baranowski et 
al, 20031 

 
GEMS-FFFP 

n=35 
8 year old  
Girls 
African 
American 

12 weeks Summer camp 
(4 wks) and 
internet based 
program (8 
wks) for girls 
and their 
parents 

24hr Recall: 
Positive dietary 
outcomes (e.g., 
greater FJV and 
water intake) 

Govula, 
Kattelman, & 
Ren, 20072 

 
American 
Indian 
Nutrition  

n=33 
3rd Graders 
Boys & girls 
Elementary 
schools 
American 
Indian 

6 weeks 
(follow-up 2 
months) 
 
1 lesson per 
week,  
 
30-minute 
lessons 

MyPyramid 
and Medicine 
Wheel Nutrition 
for Native 
American 
lessons;  

Block Kids FV 
Recall: 
+2.7 FV 
servings/day & 
+2.2 V 
servings/day 
higher in 
intervention than 
control 
(P≤.0001) 

Feasibility of Culturally Relevant Program in Guam 

Pobocik et al, 
19983 

 
Modify 
National Dairy 
Council 
curriculum 
“FOOD…Your 
Choice” 

1 Southern 
Elementary 
school 
4-11 year olds 
Boys & girls 
Chamorro, 
Filipino, 
Caucasian, 
other 
Micronesian, 
and Asian 

1-year 
intervention 
4 to 10, 45-
minute 
lessons during 
SY 1991-1992 
Teacher 
training 

Modifications: 
Reflected 
Guam history 
and 
technology; 
changed foods 
to familiar or 
common foods 
to children in 
Guam. 
Chamorro 
language 
teachers 
assisted with 
lesson deliver. 

Modification 
were feasible 
and meaningful. 
Teachers and 
students 
provided positive 
feedback. 
Improvements: 
Simplify lesson 
Provide some 
lessons over two 
class sessions 
Additional food 
examples. 

 
References: 
1. Baranowski, T., Baranowski, J.C., Cullen, K.W., Thompson, D.I., Nicklas, T., Zakeri, 

I.F., & Rochon, J. (2003) The food, fun, and fitness project (FFFP): The Baylor GEMS 
pilot study. Ethnicity & Disease. 13 (S1), 30-39. 

2. Govula, C., Kattelman, K., & Ren, C. (2007) Culturally appropriate nutrition lessons 
increased fruit and vegetable consumption in American Indian children. Top Clin Nutr. 
22, 239-245. 
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APPENDIX G 
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APPENDIX H 

 
 

 
  



 

136 
 

APPENDIX I 
 

Mobile Device Carrying Case 
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APPENDIX J 
 Traditions Study Design And Time Table Overview 

 Start-Up Period 

    

 Conducted pilot &  
feasibility study 

Engaged community 
partnerships 

Modified nutrition 
lessons to be culturally 

relevant 

     

Week 0 Collection of baseline measurements before camp  

       

 Hurao Camp (CIC) 
n=60 

EFNEP Camp (UDC) 
n=35 

Sports Camp (RSC) 
n=30 

       

 Intervention Period (4 weeks) 

       

Week 1 
1 Nutrition Lesson 

+ 
Cultural Immersion 

Food, fitness, and fun 
lessons  

+ 1 Nutrition Lesson 
No Intervention 

       

Week 2 Collection of measurements during camp  

      

1 Nutrition Lesson 
+ 

Cultural Immersion 

Food, fitness, and fun 
lessons  

+ 1 Nutrition Lesson 
No Intervention 

       

Week 3 
1 Nutrition Lesson 

+ 
Cultural Immersion 

Food, fitness, and fun 
lessons  

+ 1 Nutrition Lesson 
No Intervention 

       

Week 4 
1 Nutrition Lesson 

+ 
Cultural Immersion 

Food, fitness, and fun 
lessons  

+ 1 Nutrition Lesson 
No Intervention 

       

 Collection of final measurements after camp  
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