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Childhood obesity is a top public health priority.  Recent obesity prevention 

efforts have begun to focus on environmental determinants, such as the food 

environment.  Specifically, by focusing on the food environment around schools, research 

can identify factors within the environment that may be influential for youth.  Therefore, 

this dissertation aimed to 1) create an informed, reliable electronic data collection tool 

that will appropriately represent restaurants found within the food environment of youth, 

and 2) determine associations between the restaurant food environment and school-level 

BMI. 

Variables included on the electronic data collection tool were created based on 

survey responses from nutrition experts and a literature review.  The tool was tested for 

inter-rater reliability.  Percent agreement between coders ranged from 75 to 100% 

(m=90.6%), suggesting this tool can be used reliability to code the restaurant food 

environment near high schools. 

To examine possible healthfulness and youth-oriented restaurant features that may 

be associated with obesity among youth, a healthfulness index (HI) and youth-oriented 
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index (YOI) were created based on codes included within the tool.  A higher score 

represented a more healthful or more youth-oriented restaurant, respectfully.  ANOVA 

models were used to examine differences in BMI, HI, and YOI by order location.  

Unadjusted and adjusted linear regression models were used to test relationships between 

BMI and each index while controlling for SES. 

Within a half-mile of 9 high schools, 58 restaurants were documented.  The rank 

order of restaurants was significantly different according to index measures (p=0.03), 

suggesting restaurants that scored higher on the HI were different than those that scored 

high on the YOI.  Both indices were significantly different according to order location 

(p<0.01), such that full service and fast causal restaurants had more healthful features and 

fewer youth-oriented features when compared to fast food restaurants.  Index measures 

were not associated with school-level BMI in unadjusted or adjusted models. 

Identifying health and youth-oriented features of restaurants is important and may 

help explain associations of the restaurant food environment and youth weight status.  

Future research should consider use of this data collection tool to continue to document 

and identify aspects of the food environment. 
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Chapter 1:  Executive Summary 

1.1 BACKGROUND & SIGNIFICANCE 

Currently, 17% of our nation’s youth are considered obese [1], whereas 19% of 

youth in Texas are obese [2].  Over the last decade, some states have seen significant 

reductions in childhood obesity prevalence, yet the prevalence of obesity both nationally 

in the US and in Texas has remained unchanged.  Surveillance data suggest childhood 

obesity prevalence differs by age, race/ethnicity, and socioeconomic status (SES). 

This high rate of obesity among youth is problematic for many reasons.  First, 

childhood obesity is associated with outcomes such as anxiety and depression, behavioral 

problems, and low self-esteem during adolescence [3, 4].  Obese youth are also at 

increased risk for becoming obese adults [5, 6] and experiencing obesity-related health 

problems such as coronary heart disease, stroke, diabetes, and certain types of cancers 

[7].  Given the negative outcomes associated with childhood obesity, research aimed at 

identifying and decreasing the prevalence among youth is warranted. 

Of the many factors associated with childhood obesity, recent efforts have begun 

to focus on the food environment.  Initial work examining the food environment focused 

on the availability of food outlets and adult obesity [8-10].  More recently, attention has 

shifted to focus on youth [11-16].  Results of this work found that youth may be highly 

exposed to unhealthy food outlets such as fast food restaurants [13] and that low SES 

and/or minority youth are at increased risk for unhealthy food outlet exposure [16].  

Finally, living near or attending school close to unhealthy food outlets may be associated 
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with increases in childhood obesity [15].  Together these findings suggest that the food 

environment experienced by youth is likely influential and should be considered within 

the context of childhood obesity.  

The Social Ecological Model (SEM) and Social Cognitive Theory (SCT) provide 

a framework and foundation to help identify why some of the associations may exist.  

Specifically, the SEM outlines why considering behavior and the environment at multiple 

levels is needed to create a fuller understanding of what may be facilitating or inhibiting 

behavior [17, 18].  SCT provides evidence for the importance of the environment and 

behavior through its construct of reciprocal determinism [19].  Together, the SEM and 

SCT help create a theoretical foundation for food environment research to grow. 

Within the food environment literature, there appears to be four commonly 

explored topics.  These include availability and accessibility of foods, food price and 

affordability, social and cultural factors that affect food choice, and environmental 

features of outlets that may shape behavior.  Each is significant as they add to our 

knowledge of the food environment. 

 Availability and accessibility were among the first influential factors identified 

for youth food choice [20-22].  While some research focused on availability and 

accessibility within the home or school food environment [23, 24], the larger food 

environment has received increasing attention in recent years.  For example, a recent 

study found that youth who have increased access to fast food restaurants near their 

school are more likely to consume fast foods [25].  Other work that considered diet over a 

20 year period found that neighborhood availability of convenience stores is associated 
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with poorer diet quality among young adults [26].  Collectively, results suggest that 

environmental availability of fast and convenience foods likely influences youth’s food 

choices within the food environment. 

Cost and affordability of food also appear within the literature as key factors for 

youth’s food choice.  For example, youth often report that cost of food is a primary factor 

they used when deciding which food to purchase [27].  Additionally, cost is present 

within the 4 P’s of Marketing, a common marketing technique successfully used to sell 

products to youth that includes components such as product, price, placement, and 

promotion [28].  When considering price, youth often choose foods based on a 

combination of cost and perceived satiety [22].  This often leads youth to choose fast 

foods over more healthy options such as fruits and vegetables.  Further, youth believe that 

fruits and vegetables cost more and will not provide as much satiety when compared to 

less healthy options such as fast food or other highly processed foods [22].  Meal deals 

and low-cost menus have also been emphasized within the literature, as they may be 

particularly appealing to and targeted towards youth [29, 30]. 

Social and cultural factors are also worth considering as eating is known to be a 

socially driven behavior [31] and that social relationships are salient to youth [32].  For 

example, social factors such as peer pressure and social norms are becoming more 

common with the food environment literature [27, 33, 34].  Specifically, among middle 

and high school students, peer influence is suggested as one of the strongest predictors of 

fruit and vegetable intake [27].  Further, youth believe certain foods like vegetables 

should only be eaten at certain times of the day, for example dinner time, when youth are 
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typically not with their peers [34].  Finally, research examining cultural factors such as 

vegetarianism [35] or the desire to eat sustainable foods is becoming increasingly 

prevalent [36].  Further, after participation in farm-to-school programs, students are more 

likely to have positive attitudes and beliefs toward fruit and vegetable consumption [37].  

Although these factors are less explored, they may provide context for youth’s behavior 

and the food environment. 

Finally, environmental features of an outlet should likely be considered.  

Specifically, identifying environmental features of restaurants that appeal to youth may 

further food environment research.  While this has been less explored within the 

literature, research from other health behavior domains suggests it can help explain 

youth’s behavior [38].  Therefore, exploring restaurant features such as order and 

receiving location of food, the availability of play areas, and or if the outlet is good for 

groups may provide added context to why youth choose to visit particular food outlets. 

Due to high childhood obesity prevalence, food environment research has recently 

focused on associations of the food environment with youth weight status [15, 16, 39, 

40].  Schools have become a primary focus of this research as youth spend a large part of 

their day in and around schools, yet results of many of the studies appear to be 

conflicting.  Some research suggests that having fast food restaurants near a school is 

associated with increased weight status among students [15, 16], while other studies 

found fast food restaurants were associated with decreased BMI [14, 40], and another 

found no association with diet [39].  Although it is not unexpected to have conflicting 
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findings given that the food environment field is still developing, it is problematic as it 

implies discrepancies exist within the field. 

Within the food environment literature, there are key areas in need of 

improvement.  Specifically, the food environment field has poor food outlet definitions, 

incomparable coding tools, a lack of primary data, and inconsistent outlet and outcome 

measurement.  First, researchers rarely define what they consider a food outlet to be or 

why only certain food outlets are included in each study.  Also, clear definitions often do 

not exist for some of the most commonly used terms within the literature such as what 

constitutes a healthy or unhealthy food outlet.  Each missing or poorly reported definition 

is concerning because without clear definitions, others in the field will rarely produce 

similar findings (if they exist) or be able to replicate study designs.  Furthermore, each of 

these small differences in study definitions may contribute to the conflicting findings in 

the literature. 

An additional limitation is that few studies examining food outlets use similar or 

comparable tools.  Currently, there are food environment coding tools that include as few 

as 3-10 outlet classifications [41, 42], while others include 77 classifications [43].  

Although each tool may provide unique information, the use of various coding tools 

across studies may add to why findings within food environment research vary. 

Another limitation of the field is the lack of primary data.  The large majority of 

food environment studies have used secondary data from government agencies [44], 

private data collection companies [39, 40], or open source databases [16, 43].  Even 

though the use of secondary sources is appealing, as it is less labor intensive and easily 
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accessible, it is often incomplete and contains errors in location reporting due to rapid 

business turnover [45, 46].  Thus, it may be that few studies accurately represent the true 

food environment. 

Finally, there is inconsistent measurement of food outlets and outcomes.  

Although Geographic Information Systems (GIS) is a common type of software used to 

measure and analyze food outlet location, few studies use similar techniques.  A recent 

review suggests there are at least six GIS methods that are commonly used to select and 

analyze outlets, including buffers (circular and network), kernel density, spatial 

clustering, Euclidean or Manhattan distance, distance by road or street, and modeling of 

travel time [47].  When considering outcome measurement, dietary intake and BMI are 

the most common outcomes; however, there are numerous ways these outcomes are 

measured (e.g., past day, past week, 24-hour recall, self-reported, secondary sources, 

direct observation) [13, 14, 39, 40].  Each technique may add novel findings to our 

knowledge base, yet it makes it difficult to compare results across studies. 

Given the importance of research within the food environment and its association 

with childhood obesity, the field must continue to advance.  After considering current 

field limitations, the focus of this dissertation was to better develop food outlet 

definitions, specifically for restaurants, and code food outlets found within the food 

environment of youth using a reliable tool and primary data.  This dissertation also 

examined restaurants and their association with weight status of youth.  Together, the 

research questions for this dissertation addressed key limitations such as poor restaurant 

definition, poorly defined coding tools, and lack of primary data.  Furthermore, this 
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dissertation provides the field with an easy to use, reliable tool to examine the food 

environment and how the restaurant food environment relates to youth weight status. 

 

1.2 CURRENT STUDY AIMS 

1.) To create an informed, reliable coding tool that will appropriately represent 

restaurants found within the food environment of youth. 

2.) To determine association between the restaurant food environment and school-

level BMI by using restaurant codes developed through this dissertation. 

 

1.3 RESEARCH PURPOSE 

The purpose of this dissertation was two-fold.  Study 1 focused on the creation of 

a coding tool that was used to collect and code primary data on the restaurant food 

environment of high school students.  Thus, Study 1 aimed to: 

1.) Create a detailed coding tool based on literature review and expert 

opinion that appropriately coded restaurants over and above what had 

been used in the food environment literature. 

2.) Assess inter-rater coding reliability of the coding tool. 

3.) Code restaurants within the food environment of high school students. 

Study 2 used data generated from Study 1 to examine associations of the 

restaurant food environment and youth weight status.  Therefore, Study 2 aimed to:  

1.) Describe the prevalence of restaurants and restaurant features located 

within a half-mile of high schools. 
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2.) Determine associations between restaurant healthfulness, the extent to 

which a restaurant supports healthy choices, and school-level BMI. 

3.) Determine associations between youth-oriented features, such as those 

more likely to appeal to youth, of restaurants and school-level BMI. 

 

1.4 DEFINITION OF TERMS 

• Body Mass Index – a measure used to determine body fatness that is based on the 

individual’s height and weight. 

• Body Mass Index Z-Score – an adjusted measure of BMI that is relative to a 

smoothed distribution curve. 

• Overweight/Obesity – Overweight is defined as a BMI ≥ 85th percentile and < 95th 

percentile.  Obese is defined as a BMI ≥ 95th percentile according to CDC Growth 

Charts. 

• Food Environment – Food available around one’s home or school, the focus of 

this dissertation will be school. 

• Community Food Environment – The number, type, and location of food outlets 

including food stores and restaurants, and the accessibility of these outlets. 

• Consumer Food Environment – The availability of products as well as price, 

promotion, and placement of products within food stores. 

• Organizational Food Environment – The availability and accessibility of foods 

within homes, schools, churches, worksites, and healthcare facilities. 
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• Food Outlet – Any food store or restaurant that has foods and beverage available 

to purchase by individuals. 

• Restaurant – Any food outlet that has a primary purpose of serving ready to eat 

foods directly to individuals. 

• Unhealthy Food Outlet – Food outlets that sell highly processed foods, which are 

often high in fat, sodium, and sugar.  Unhealthy food outlets most often include 

fast food restaurants and convenience stores. 

• Healthy Food Outlet – Food outlets that sell minimally processed foods such as 

fresh fruits and vegetables.  Healthy food outlets most often include supermarkets 

and grocery stores. 

• Food Advertising/Marketing – Promotion of products through signage designed to 

increase product consumption. 

• Outdoor MEDIA Study – A study examining the prevalence of food and beverage 

advertising and outlets located within a half-mile of middle and high schools. 

• Outdoor MEDIA DOT – A custom, electronic tool created to document food and 

beverage outlets and advertising for the Outdoor MEDIA Study.  

• Geographic Information Systems – Computer software used for capturing, storing, 

checking, and displaying earth or map related data. 
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Chapter 2:  Literature Review 

2.1 CHILDHOOD OBESITY 

Prevalence 

In 1974, approximately 5% of youth were considered obese.  By 2003, the 

national prevalence of childhood obesity tripled to 17% [1, 48].  Over the last decade, 

some states have seen significant reductions in childhood obesity, yet overall prevalence 

appears to have stabilized [1].  Given that national prevalence of childhood obesity is 

high and not declining, research must continue to focus on obesity among youth.  

Childhood obesity is defined according to standards set by the Centers for Disease 

Control and Prevention (CDC) using a measure of Body Mass Index (BMI).  While adult 

obesity is determined by using BMI categories, childhood obesity is evaluated by using 

age- and sex-specific percentiles for BMI.  This allows for a more tailored approach to 

childhood obesity classification by allowing for body compositions changes as youth age, 

as well as accounting for differences between males and females.  According to CDC 

Growth Charts, overweight is defined as a BMI equal to or greater than the 85th percentile 

and lower than the 95th percentile for youth of a similar age and sex.  Obesity is defined 

as a BMI equal to or greater than the 95th percentile for youth of a similar age and sex 

[49, 50].  See Table 1 below for additional classifications of weight status. 
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Table 1. CDC Growth Chart Definitions of Weight Status Classifications. 

Classification CDC Growth Chart Percentile Definition 

Underweight ≤ 5th BMI percentile for age/sex/height 

Normal weight 6th-84th BMI percentiles for age/sex/height 

Overweight 85th-95th BMI percentiles for age/sex/height 

Obese ≥ 95th BMI percentile for age/sex/height 

 
Given the high rate of childhood obesity within our society, it is important to 

consider changes and variations in prevalence.  The National Health and Nutrition 

Examination Survey (NHANES) provides national surveillance data on childhood 

obesity.  NHANES is a cross-sectional survey, which incorporates personal interviews 

and physical examinations to document dietary patterns and obesity among youth [1].  

Results of this survey suggest obesity prevalence among youth differ by age, gender, 

race/ethnicity, and socioeconomic status. 

Currently, the highest prevalence of childhood obesity is found among school 

aged youth.  For example, NHANES results indicate youth aged 6- to 11-years old 

(17.7%) and youth 12- to 19-years old (20.5%) had significantly higher rates of obesity 

when compared to those aged 2- to 5-years old (8.4%) [1].  This suggests obesity 

prevalence increases as youth enter school at 6 years old and continues to increase as they 

age.  Given this, a continued focus on youth may help identify why obesity prevalence 

increases throughout adolescence. 

 In addition to age, childhood obesity likely differs by gender.  On average, 

obesity prevalence is higher among boys, except within the 6- to 11-year old age group 
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[1].  Work examining changes in obesity prevalence found that obesity increased from 

15.4% to 18.6% among boys and 13.8% to 15.1% among girls between the years 1999-

2002 and 2007-2010 [51].  Although both genders saw increases in obesity, results 

suggest that childhood obesity among boys remained higher than childhood obesity 

among girls. 

NHANES results further indicate that race/ethnicity is a factor to examine within 

the context of childhood obesity.  It is estimated that among boys, Mexican-Americans 

have the highest prevalence of obesity (24%), while among girls, non-Hispanic black 

youth have the highest prevalence (22%) [51].  Further, when considering all youth aged 

12-19, childhood obesity prevalence among non-Hispanic Asian youth (8.6%) was 

significantly lower than obesity prevalence among non-Hispanic white youth (14.1%), 

non-Hispanic black youth (20.2%), and Hispanic youth (22.4%).  Prevalence of obesity 

among non-Hispanic white youth was also significantly lower than obesity prevalence 

among non-Hispanic black youth and Hispanic youth [1].  Although overall obesity 

prevalence appears to be stable, populations of youth such as older youth, males, and 

minority youth may be experiencing elevated obesity prevalence. 

Another factor to consider is socioeconomic status (SES) [52].  Currently, SES is 

measured in various ways including family income [53],  insurance billing codes (e.g., 

Medicaid) [54], parental educational attainment [51], or composites of these measures 

[52].  Each measure is conceptualized slightly differently, yet results suggest similar 

relationships.  For example, longitudinal work which followed a national sample of youth 

over 9 years, found that youth who reported a lower family income had faster increases in 
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obesity over time when compared to youth who reported a higher family income [53].  

Similarly, results of a 15 year birth cohort study found that youth who remained low 

income or became low income during childhood were at increased risk of obesity when 

compared to those who were never low income [54].  These study results suggest that low 

SES youth may be at increased risk for obesity when compared to middle and high SES 

youth.  Moreover, studies emphasize that weight status among youth and income are 

related; yet both measures are dynamic and can change throughout youth’s lives.  Finally, 

a recent review examined parental educational attainment as a measure of SES and 

suggests similar associations; lower parental education was associated with increases in 

obesity among youth [52].  Collectively, results indicate that SES is a key factor 

associated with prevalence of childhood obesity. 

 In sum, even though the national prevalence of childhood obesity has stabilized, 

there are subpopulations at elevated risk.  Specifically, the prevalence of obesity appears 

to be higher among youth 12- to 19-years old, boys, minority youth, and lower SES 

youth.  Given these differences, research on factors related to childhood obesity should 

continue to explore possible explanations to better understand these differences. 

Childhood Obesity in Texas 

Across the 50 states, the National Survey on Children’s Health found that Texas 

had the 10th highest prevalence of obesity among youth (19.1%) [55, 56].  Thus, Texas 

youth may be at elevated risk for childhood obesity when compared to other states.  To 

further explore childhood obesity in Texas, specific obesity trends in Texas should be 

examined. 
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 The School Physical Activity and Nutrition (SPAN) Survey provides data for 

monitoring childhood obesity in Texas [57].  According to SPAN, in 2004-2005, 19% of 

Texas youth were obese [2].  Just as in national samples, results show that obesity 

prevalence among Texas youth varies by gender and age [2].  For example, among 4th 

grade girls in Texas, 20.7% were considered obese, while among 4th grade boys in Texas, 

26.2% were considered obese [2].  These findings echo results from national surveys that 

suggest obesity prevalence is often higher among boys.  Similar trends are seen for 8th 

grade (16.2% of girls, 18.7% of boys) and 11th grade (11.9% of girls, 22.6% of boys) 

students.  Together, it is clear that obesity prevalence among Texas youth varies by both 

gender and age. 

Other surveillance systems, such as the Youth Risk Behavior Surveillance System 

(YRBSS) [58], focus on older adolescents (9th thru 12th grade students).  Results of the 

YRBSS suggest that among Texas youth in grades 9-12th, 15.7% of were obese, two 

percentage points higher than the national average, but not significantly greater (p=0.07).  

This further indicates that Texas high school youth may be particularly at risk for obesity.  

Moreover, a comparison of YRBSS results from 2009 and 2013 found that prevalence of 

obesity among high school students is growing (13.6% in 2009 to 15.7% in 2013) [59].  

Given these increases, research is needed to continue to explore factors that may be 

associated with obesity among high school aged youth. 

YRBSS data also show childhood obesity prevalence varies by race/ethnicity in 

Texas.  For example, in 2013, among White youth, 12.1% were obese, whereas among 

Black youth, 14.6% were obese, and among Hispanic youth, 19.0% were obese [59].  
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Comparison of obesity prevalence by race/ethnicity reveals that among Hispanic youth, 

the prevalence of obesity is significantly higher as compared to White youth (p<0.05).  

No significant differences were found when comparing prevalence of obesity between 

other race/ethnicities [59]. 

Childhood obesity in Texas mirrors national obesity prevalence such that 

prevalence differs by age, gender, and race/ethnicity.  Furthermore, childhood obesity 

among Texas youth is high.  This is problematic as obese youth often experience negative 

outcomes during adolescence [4, 60, 61] and are more likely to become overweight and 

obese adults [5, 6]. 

Childhood Obesity Outcomes 

There are both immediate and long-term reasons to be concerned with the vast 

number of youth considered overweight and obese.  First, immediate concerns such as 

low self-esteem [60], behavioral problems [60], and internalizing disorders such as 

anxiety and depression [4] have become commonly associated with childhood obesity 

within the literature.  Specifically, overweight and obese youth experience these 

problematic outcomes more frequently than their normal weight counterparts.  Further, 

experiencing these outcomes may negatively impact youth’s emotional wellbeing, 

performance in school, and ability to thrive [62, 63]. 

Long-term health concerns associated with obesity also exist.  These include 

health conditions such as coronary heart disease, stroke, diabetes, hypertension, and 

certain types of cancers [7], four of which are leading causes of death in the US [64].  

Although the emergence of these chronic diseases is unlikely to occur before adulthood, 
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they may still be valid concerns for youth as they age.  For example, one study found that 

70% of obese youth had at least one cardiovascular disease risk factor, while 39% had 

two or more [61].  Obese youth are also at risk for type 2 diabetes, asthma, joint and 

musculoskeletal problems, and heartburn [63, 65, 66].  Given both immediate and long-

term problematic outcomes associated with childhood obesity, research to better identify 

the causes of childhood obesity and how to prevent further increases in prevalence is 

crucial for the psychological and physical health of our youth. 

Determinants of Childhood Obesity 

As the rates of obesity among children have risen, so have ideas on how to 

prevent further increases.  Overweight and obesity are primarily a result of caloric 

imbalance [67], yet recent efforts have focused on the environment as a way to create 

change.  This shift has largely been influenced by the belief that the environment has the 

ability to shape behavior through daily living [67].  Currently, two environmental 

domains associated with childhood obesity are the physical activity environment and the 

food environment.  However, this dissertation focuses on the food environment and how 

it relates to obesity among youth.  
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2.2 ENVIRONMENTAL DETERMINANTS OF CHILDHOOD OBESITY 

Food Environment 

The food environment, broadly defined as food available within ones typical 

places of living, including schools, public facilities, and worksites [68], is 

multidimensional and increasingly complex [69].  To organize food environment 

research, it is helpful to examine findings through four components including the 

community, consumer, organizational, and informational food environment as suggested 

by the Model of Community Nutrition Environments from Karen Glanz and colleagues 

(Figure 1) [69].  Each component has been proposed as environmental variables 

associated with eating patterns [69], a key determinant of overweight and obesity.  Use of 

this model will help frame findings within the literature to further our knowledge of 

associations between childhood obesity and the food environment. 

Figure 1.  Model of Community Nutrition Environments  

            From Glanz, Sallis, Saelens, and Frank [69] 
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Community Food Environment 

The community food environment can be defined as the number, type, and 

location of food outlets including food stores and restaurants, and the accessibility of 

those outlets [69].  Given the vast numbers of outlets available today, research often 

examines the community food environment according to smaller geographic areas, such 

as areas around schools or within neighborhoods.  This allows for a tighter focus on 

outlets that may directly serve youth. 

Current findings suggest youth may be highly exposed to unhealthy food outlets 

such as fast food restaurants and convenience stores.  For example, a recent study 

examined the distribution of food outlets located within a half-mile of 31,243 middle and 

high schools across the US.  Results found that 37% of schools have at least one fast food 

restaurant and 33% have at least one convenience store within walking distance [70].  

This is problematic as consumption of foods purchased at these outlets has been 

associated with increased obesity among youth [13, 71].  Furthermore, the more fast food 

restaurants within a half-mile of the school, the more likely students were to consume fast 

food, and subsequently, were at increased risk of being overweight or obese [25].  Other 

recent research examined diet quality over the course of 20 years, and found that young 

adults living in areas with more convenience stores had a lower diet quality, when 

compared to those living in areas with fewer convenience stores [72].  Based on these 

findings, it is clear that youth are frequently exposed to unhealthy food outlets, 



 19 

particularly around their school and neighborhood.  Further, this exposure may put them 

at increased risk for unhealthy food consumption and/or obesity. 

Similar to childhood obesity research, the availability of food outlets vary by 

race/ethnicity.  For example, results from a study of over 30,000 middle and high schools 

found that neighborhoods with majority “other race/ethnicity” residents had more fast 

food restaurants and convenience stores when compared to majority non-Hispanic white 

neighborhoods [70].  Similarly, among a sample of over 2,700 youth, 11- to 14-year olds, 

black, Hispanic, and Native American students were found to live closer to and eat more 

frequently from fast food restaurants than white and Asian students [73].  Collectively, 

results suggest measures of the food environment such as availability of fast food 

restaurants and convenience stores may differ by race/ethnicity. 

Socioeconomic status (SES) should also be considered when examining the 

relationship between food outlet availability and childhood obesity.  Findings from a 

study of 1,058 5th and 6th grade students suggests students in lower SES areas have 

increased availability of fast food restaurants and decreased availability of supermarkets 

[74].  This is problematic as it indicates lower SES youth have less access to outlets with 

healthy foods (e.g., supermarkets), while having increased access to outlets with 

unhealthy foods (e.g., fast food).  Similarly, another study of food outlet availability near 

US middle schools found that as income increased the number of fast food restaurants 

and convenience stores decreased [70], suggesting that youth who go to school in areas 

with higher incomes have less exposure to unhealthy outlets as compared to youth in 

schools with lower incomes.  Further, longitudinal work suggests that lower SES youth 
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living near convenience stores are at particularly high risk of having a lower diet quality 

[72].  This is important, as both childhood obesity and community food environments are 

associated with SES in similar ways such that lower SES youth are at increased risk for 

childhood obesity and living in unhealthy community food environments, while higher 

SES youth appear to be at less risk for both. 

Consumer Food Environment 

The consumer food environment focuses on the availability of products, price, 

promotion, and placement of products (the 4 P’s of marketing) within food outlets [69].  

Even though youth have access to many types of outlets, 65% of 11- to 13-years old 

purchased foods from a fast food restaurant or convenience store near their school at least 

once in the last month [25].  This provides evidence that students interact with the 

consumer food environment near their school frequently. 

To measure the consumer food environment, studies have often relied on the 

Nutrition Environment Measurement Survey for Food Stores (NEMS-S) [75], a reliable 

tool for documenting specific products and promotions within food stores.  A recent 

study examined associations between food products sold within grocery stores, 

convenience stores, fast food restaurants, and full service restaurants located near schools 

within four economically different neighborhoods using the NEMS-S [76].  Results show 

that fast food restaurants and convenience stores were the closest food outlets to schools, 

and that food outlets within higher income areas had higher NEMS-S scores when 

compared to similar outlets in lower income areas [76].  Similar research examining 

NEMS-S scores of convenience, corner, and grocery stores, found that outlets within 
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lower SES areas had lower NEMS-S scores when compared to similar outlets in higher 

SES areas [77].  Given results, it is likely that even for similar outlet types, nutritional 

quality within outlets varies by SES of the area, such that youth in lower SES areas are 

more likely to have unhealthy food outlets near their schools and less healthy options 

within available food outlets.   

In sum, results suggest the consumer food environment of youth differs according 

to SES.  In particular, foods available within stores may differ by youth SES such that 

within the same outlet type, lower SES youth are more likely to be exposed to more 

unhealthy food options.  Given this exposure to more unhealthy options, it may benefit 

food environment research to further consider how youth SES shapes associations 

between youth behavior and the food environment.  

Organizational Food Environment 

Youth encounter unique food environments within homes, schools, churches, 

worksites, and healthcare facilities [69].  Two of the most common organizational food 

environments experienced by youth include the home and school.  While different, 

examination of home and school food environments may provide useful information 

about the relationship between the food environment around schools and childhood 

obesity. 

Of the concepts explored within organizational food environments, food 

availability and accessibility appear frequently within the literature.  For example, youth 

with increased availability of SSBs within their home are two times as likely to be a 
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moderate SSB consumer and almost five times as likely to be a high SSB consumer [24].  

This suggests that home availability may influence youth’s dietary choice of SSBs. 

Other research within schools provides information related to accessibility of 

foods.  In 2012, school cafeterias provided nutritionally balanced meals to over 31 

million youth across the nation each day [78], yet students often have access to less 

healthy options through vending machines and a la cart products [79].  This is 

problematic as access to vending and a la cart items during school hours is associated 

with increased consumption of foods of minimal nutritional value [80].  Thus, even at 

school, youth are likely at risk for exposure to unhealthy environments through increased 

assess to less healthy food. 

Informational Food Environment  

The final piece of the food environment model focuses on food related 

information received through media campaigns and advertising [69].  This includes 

information on television commercials, as well as advertisements found within and on 

food outlets.  To document the informational environment, studies have largely focused 

on the content of television advertisements seen by youth. 

Initial research examining the informational food environment and obesity began 

by documenting advertisements viewed by youth on television [81-83].  

Overwhelmingly, studies suggest that promotion of unhealthy foods and beverages 

dominate advertisements seen by youth.  For example, one study found that foods and 

beverages appeared 35,000 times during youth-oriented programming, and the majority 

of those advertisements were for SSBs [83].  Among a sample of over 50,000 
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advertisements seen by 2- to 11-year olds, 97.8% of products advertised were high in fat, 

sugar, or sodium.  In another sample of 47,955 advertisements seen by 12- to 17-year 

olds, 89.4% were for products high in fat, sugar, or sodium [81].  These results show that 

the majority of televised food advertisements seen by youth are for less healthy products. 

As research continued to expand, studies began to examine the outdoor food 

environment.  While this field of research is still developing, food advertisements within 

our environment appear to be dominated by unhealthy products and do not reflect healthy 

dietary patterns [30, 84, 85].  Further, food advertising may be targeted toward particular 

populations.  For example, a study examining differences in outdoor food and beverage 

advertising found that, within two of the three cities included in the study, Los Angeles 

and Philadelphia, unhealthy advertising clustered around schools [84].  This is 

concerning as it indicates youth may be at increased risk for exposure to unhealthy food 

advertising in the environment around schools.  

Overall, the current literature regarding associations of the informational food 

environment and childhood obesity suggests problematic associations.  Specifically, food 

and beverage messages are pervasive, often for unhealthy products, targeted toward 

youth, and present in their day-to-day lives.  Given this, research within the area is likely 

to continue to grow and develop new methods of examining and understanding how 

informational food messages are associated with childhood obesity.   

Conclusion 

After review of childhood obesity and food environment findings, it is evident 

that similar findings are seen within both bodies of work.  Childhood obesity research 
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and food environment research both suggest minority youth and lower SES youth are at 

increased risk for obesity, as well as have increased availability and accessibility of 

unhealthy food choices.  Furthermore, both fields suggest that white youth and higher 

SES youth are at less risk for overweight and obesity and live in generally healthier food 

environments.  To better identify the relationship between the food environment and 

obesity among youth and to assess the literature for areas in need of improvement, a 

closer examination of food environment research is warranted. 
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Chapter 3:  Framing the Food Environment 

3.1 CURRENT APPROACHES TO UNDERSTANDING THE FOOD ENVIRONMENT  

One of the most frequently cited justifications for conducting environmental 

research is the Social Ecological Model (SEM) [86].  The SEM is based on the idea of 

social ecology or the study of people in social, institutional, and cultural contexts 

interacting with their environment [87].  Within the SEM, there are multiples levels of 

influence, which interact to change or support behavior.  These levels include an 

intrapersonal, interpersonal, organizational, community, and societal level [18].  To better 

identify of how individuals behave within an environment, research should examine a 

particular behavior or phenomenon within each level of the SEM [88]. 

A similar focus on the environment is found within the Social Cognitive Theory 

(SCT) [19].  SCT suggests that an individual’s behavior is shaped through interactions of 

personal factors and the physical and social environments around that person [19].  

Specifically, the SCT construct of reciprocal determinism proposes that personal factors, 

the environment, and behavior interact to shape our experiences [19].  Given the focus on 

the environment within the SEM and SCT, food environment research may benefit from 

consideration of these theoretical approaches to frame current findings. 

Through the lens of the SEM and SCT, four categories of factors have emerged as 

likely facilitators and inhibitors of dietary behavior.  These categories include: 1) food 

item availability and accessibility, 2) price and affordability, 3) social and cultural 



 26 

factors, and 4) environmental features.  Each category will be discussed as it relates to the 

food environment and youth in the following sections. 

Food Item Availability and Accessibility 

Food availability and accessibility have emerged as predictors of consumption for 

youth within the home, school, and neighborhood food environments [20-22].  Food 

availability can be defined as presence of a particular food, while accessibility is the 

availability of food in an easily consumed form (e.g., fruits and vegetables washed, 

prepped, and within reach) [22].  Both should be considered, as they represent key 

decision points for youth as they navigate their food environment. 

Within each of these environments, facilitators and inhibitors of consumption 

have been identified.  In a review of qualitative studies, increased availability, 

accessibility, and variety were associated with increased consumption of fruits and 

vegetables within the home, while food rules and availability of competitive foods, such 

as highly processed snack foods, were barriers to eating fruits and vegetables. Within the 

school food environment, barriers associated with fruit and vegetable consumption 

included limited availability, poor quality, and low variety.  Similarly, low accessibility, 

poor quality, and limited variety of fruits and vegetables within restaurants and grocery 

stores have been associated with poor consumption of fruit and vegetables when 

considering the food environment outside of schools [22].  Thus, youth experience 

similar barriers to fruit and vegetable consumption across multiple types of food 

environments. 
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More recent food environment research suggests similar associations of 

availability and beverage consumption.  For example, youth with increased access to 

sugar sweetened beverages (SSBs) within their home were more likely to be high SSB 

consumers [24].  The increased consumption of SSBs is concerning as similar dietary 

patterns among adults have been associated with outcomes such as increased risk of 

obesity, diabetes, and metabolic syndrome [89-91].  Although the home food 

environment is unique when compared to the larger food environment, it provides 

evidence that food availability is associated with dietary choice among youth.  It is also 

possible that if the food environment around schools has increased availability or 

accessibility of SSBs, youth may be more likely to consume SSBs.  Thus, it is well know 

that SSBs are commonly available in restaurants, yet accessibility between restaurants 

may vary.  Some restaurants may have increased access to SSBs by providing free refills 

of fountain drinks, while others may not offer free refills, however, this aspect of the food 

environment has yet to be explored thoroughly.  

Accessibility of foods within schools also has the ability to alter consumption 

patterns [23].  Among 8th, 10th, and 12th graders, a recent study found that having 

increased access to candy and regular snacks resulted in decreased consumption of fruits 

and vegetable, while schools with increased access to fruits and vegetables via a salad bar 

had increased consumption of these foods.  Further, if a school offered a salad bar, 

consumption of green vegetables increased by 3% (from 24 to 27%) [23].  Together this 

suggests food accessibility, particularly of vegetables, is a factor that may alter food 

consumption patterns among youth. 
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Food availability within food outlets has also been considered through the 

examination of menus options [92, 93].  For example, recent research examined five of 

the leading fast food chains’ menus for nutritional quality as measured by the Healthy 

Eating Index (HEI).  The HEI is a frequently used tool that assigns a score to a restaurant 

based on foods available such as whole fruit, total vegetables, greens and beans, whole 

grains, dairy, sodium, and empty calories.  Results of the HEI are presented as scores that 

range from 0 to 100, with higher scores indicating healthier food options [92].  Overall 

HEI scores for Burger King, McDonald’s, Subway, Taco Bell, and Wendy’s ranged from 

33.9-49.7, suggesting that, overall, fast food restaurants have limited availability of 

healthy options [93].  The lowest scores were for fruit, dark green and orange vegetables, 

legumes, and whole grains, suggesting few of these foods are available within these fast 

food restaurants.  Taco Bell received scores of zero for both dark green and orange 

vegetable and whole grain categories, indicating that availability of these foods is 

nonexistent at Taco Bell restaurants, even though each of these food groups are among 

the most supportive for health.  Taco Bell also received the poorest score (33.4) on their 

kid’s menu [93], suggesting the Taco Bell kid’s menu is of exceptionally poor nutritional 

quality.  Results are highly concerning as Taco Bell is among the top restaurant chains in 

the US and popular among youth.  Further, it is evident that common fast food restaurants 

have an abundance of less healthy options, while having limited healthy options.  

Associations of fast food outlet prevalence and dietary patterns among youth have 

also appeared within the literature.  For example, in a study of over 500,000 adolescents 

aged 12-to 17-years old, availability of fast food near students’ schools was associated 
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with greater consumption of soda and lower consumption of fruits and vegetables [13].  

Additional work found that adolescents who lived within walking distance to fast food 

outlets were 1.5 times more likely to purchase fast food once or more per week [25].  

Both studies highlight the importance of the environmental availability of food.  Further, 

it is possible these associations may exist because of the poor availability of fruits and 

vegetables and high availability of processed foods within fast food restaurants, not 

necessarily because youth would have chosen unhealthy foods if they were presented 

with more food choices.  Nevertheless, the significance of environmental availability and 

accessibility of food is apparent when considering youth and the food environment. 

Collectively, previous work provides evidence that food availability and 

accessibility within the environment should be further considered.  Specifically, 

additional attention should likely be given to the availability of particular foods such as 

fresh vegetables, as these foods appear to be underrepresented on restaurant menus, and 

sugar sweetened beverages, as they are commonly available at restaurants and frequently 

consumed by youth, would benefit food environment research.  By considering the 

availability and accessibility of these foods, we may better identify how the food 

environment shapes food choices of youth. 

Price and Promotion 

Another factor that may shape the interaction of youth and the food environment 

is price [22].  Price appears within the 4 P’s of Marketing, a common marketing strategy 

successfully used to promote and sell products to youth.  The 4 P’s include price, 
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promotion, placement, and product [28].  Price and promotion have appeared most 

frequently within the food environment literature as salient factors for youth populations. 

The cost of fruits and vegetables has been mentioned as a barrier to consumption 

across many populations, yet may be highly relevant for youth, as they often have limited 

funds.  For example, among a sample of 7th and 10th grade youth, price was reported as a 

primary factor for food choice [27].  Similarly, 11 and 12 year olds suggest the cost of 

foods is a key determinant for consumption [94].  Further, youth report that even though 

they may like healthier options (e.g., chicken sandwich), processed foods (e.g., chips) are 

often less expensive, and therefore, chosen more often.  Other’s believe that the low-fat 

options are more expensive (e.g., low-fat lasagna vs. regular lasagna), and are less likely 

to purchase them [94].  These findings have been echoed in a recent review that suggests 

youth want to get as much for their money as possible [22] even if that means choosing 

highly or ultra-processed foods such as fast food over fresh fruits and vegetables [22, 94].  

Overall, it appears youth believe the increased cost and decreased amount of fullness they 

get from fruits and vegetables will not outweigh the lower cost and increased satiety they 

get from less healthy foods, such as chips, pastries, and fast food [22]. 

Another example of the significance of price is the growing trend of dollar menus 

and meal deals at restaurants [29].  These low-cost menus and value meals present youth 

with a variety of foods they perceive to be a good value with increased satiety qualities 

and consistent taste.  This is problematic as food available on dollar menus and meal 

deals often do not meet dietary recommendations [95] and are often ultra-processed foods 

high in sodium, fat, and sugar [96].  Fast food restaurants have been known to heavily 
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promote their dollar menus with exterior advertising [30], a highly visible and pervasive 

form of environmental food and beverage advertising [97, 98].  This promotion of low-

cost food items and meal deals is notable and should be considered when studying the 

food environment of youth, as food and beverage advertising has been found to cluster 

around schools [84]. 

Due to the abundance of unhealthy food and beverage advertising, few studies 

have focused on documenting the promotion of products or behaviors that are supportive 

of healthy diets.  It may further our knowledge about the food environment if we also 

consider promotion of whole, unprocessed foods, as consideration of healthy food outlets 

may be more appropriate for gaining insight into current obesity prevalence [9].  Given 

this, added focus on the promotion of healthy foods may provide a novel way to examine 

the food environment of youth. 

Collectively, it is evident that the price and promotion of food are likely critical 

factors that may play a role in food choices by youth.  Gaining insight of components of 

price such as the availability of dollar menus and meal deals and promotions will likely 

provide the additional evidence in the relationship between the food environment and 

youth’s weight status.  A focus on the promotion of healthy products may also add to our 

knowledge of the food environment, as little work has documented this type of 

promotion.  

Social and Cultural Factors 

Social and cultural factors are also worth considering within the context of 

youth’s food choice, as eating and food choice are known to be socially driven behaviors 
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[31].  A recent review of food modeling behaviors suggests that children, adolescents, 

and adults are all affected by the consumption behaviors of others in the group, such that 

when group members eat more snack/junk food, the individual of interest also consumes 

more [31].  Further, youth appear to have situational norms associated with eating fruits 

and vegetables.  For example, some youth report that dinnertime is the only appropriate 

time to eat vegetables, while fruits are perceived as appropriate at any time of the day 

[33, 34].  Also, youth do not believe that time with their friends such as watching TV 

[99], at birthday parties, or other social events is the most appropriate time for 

consumption of fruits and vegetables [33, 34].  These findings suggest the consumption 

of fruits and vegetables may not be perceived as an acceptable behavior when with a 

group of peers. 

Social relationships are primary behavioral forces in adolescents lives as they are 

highly driven by the need to fit in and feel accepted among peers [32].  This need to fit in 

has the potential to influence dietary choice among youth.  In a study of youth aged 13 to 

17, results found that perceived peer norms are one of the most influential predictors of 

eating behavior among both boys and girls.  Further, adolescents who have friends that 

are unhealthy eaters are less likely to have positive intentions toward healthy eating 

[100], suggesting that the pressure youth feel to eat in a particular way may shape their 

food choices.  This may have implications for how youth interact with the larger food 

environment.  For instance, an individual may feel peer pressure from friends to walk to a 

nearby fast food restaurant after school to purchase a snack, regardless of if he or she is 

hungry or would have preferred something else. 
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Another factor that may shape youth’s behavior within the food environment is 

consideration of a restaurant’s capacity to easily accommodate and be accepting of youth.  

Because peer relationships are salient to youth [32] and eating is a social behavior [31], 

youth may be particularly drawn to restaurants that are believed to easily accommodate 

and accept people their age.  The term “Good for Groups” is often a feature used by 

restaurant search engines (e.g., Yelp.com) as a way to identify a restaurant that has ample 

seating, large tables, or outdoor dining areas.  Given the need for social interaction 

among youth, it may be that youth seek out restaurants that are “good for groups” as they 

believe these outlets will be particularly supportive toward groups of adolescents.  Even 

though this concept has rarely, if ever, appeared within the food environment literature, 

examining the restaurant feature of “good for groups” may provide context to youth’s 

behavior within the food environment. 

Cultural factors are also found within food environment research.  Two growing 

cultural trends that may alter youth’s interactions with the food environment are 

vegetarianism [35] and local sourcing/sustainability [36].  A recent poll suggests that 

13% of Americans identify as either vegetarian or vegan [101].  While this survey was 

among adults, other work suggests youth also report following a vegetarian diet [27].  

Interestingly, vegetarian youth appear to follow vegetarian diets for environmental and 

moral reasons, while adults often follow vegetarian diets for health-related reasons [102].  

These findings highlight the importance of cultural factors such as vegetarianism when 

examining how youth interact with their food environment. 
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An additional factor worth considering is the growing trend to consume foods that 

have been locally or sustainably sourced [36].  While little work that considers food 

sourcing has been conducted among youth, there has been increasing enthusiasm among 

adults for consumption of local products, as they are thought to be higher in quality due 

to freshness and minimized travel time between source and consumer [36].  Further, 

sustainable diets have the potential to contribute to food and nutrition security, promote a 

healthy lifestyle, and have positive environmental impacts [103].  For example, a recent 

review suggests that students who attend schools that support farm-to-school programs 

develop positive beliefs and attitudes toward consumption of locally sources fruits and 

vegetables [37, 104].  This development of positive attitudes and beliefs toward fruits and 

vegetables provides evidence that involvement with and exposure to farm-to-table 

programs may be important for understanding how youth behave within their food 

environment.  Given this growing trend and results from initial farm-to-school programs, 

research within the food environment field may benefit from consideration of the use of 

sustainable and local food sourcing by food outlets. 

Although social and cultural factors appear less frequently in the food 

environment literature, assessing these concepts may improve our knowledge of the 

relationship between youth and the food environment.  Specifically, it may be that taking 

a closer look at features of restaurants such as if they are good for groups, have 

vegetarian options, or if foods are locally or sustainably sourced will provide added 

context to the associations between the food environment and youth. 
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Environmental Features 

Just as social and cultural features are worth considering, there are environmental 

features of restaurants that may also be significant.  These environmental features include 

the order location, drive thru availability, play area, and building/landscaping 

maintenance.  Each is unique and may help us explain the dynamic relationship between 

youth and their food environment. 

Currently, distinctions between restaurant types have largely been based on the 

ordering location.  For example, recent work has suggested that if an individual orders at 

the counter, the restaurant should be considered fast food [30].  This is problematic, as 

similar codes for both McDonald’s and Panera Bread would be used, as they both require 

customers to order at the counter, yet each outlet offers different types and quality of 

foods.  By documenting details beyond order location, additional information on 

restaurants visited by youth can be obtained to help better distinguish restaurant types.  

Specifically, it may be that adding another layer of detail to order location would more 

appropriately distinguish restaurants between full service/sit down restaurants, quick 

service/fast causal, and fast food restaurants.  To do this, both ordering location and 

location where food is received should be added to any assessment of the food 

environment.  For example, food may be ordered and received at the table, ordered at the 

counter and received at the table, or ordered and received at the counter.  Food may also 

be ordered and received at a drive thru window.  While food environment literature does 

not often include this as an order location, this restaurant feature is likely salient to high 

school aged youth, as they often are newly licensed drivers and perceive fast service and 



 36 

low prices to be important.  Thus, consideration of these various order locations, will 

likely further our understanding of youth’s food environment above what is currently 

known in the literature. 

Another environmental feature worth considering is the maintenance of the food 

outlet itself.  Currently, little work within the food environment has considered building 

maintenance, yet research from other fields suggests this type of environmental feature 

can help further explain behavior.  For example, physical activity research found that 

park maintenance is associated with use, such that well maintained parks were more often 

used by area residents [38].  This suggests that facility maintenance may alter how 

individuals use the space.  In the case of restaurants, youth may be more likely to visit a 

restaurant housed in a well-maintained building because they may believe the food will 

be of higher quality.  Inversely, youth may choose to visit poorly maintained restaurants 

if they perceive the restaurant staff would be more accepting of youth and the food may 

be less expensive.  Consideration of each may help create a more complete picture of 

why youth choose to visit particular food outlets. 

Finally, it may be valuable to consider if there is a play area for youth.  Although 

this dissertation is focused on high school youth and it is less likely high school youth 

would choose a restaurant based on availability of a play area, they may care for younger 

siblings that would be likely to use a play area.  Therefore, food environment research 

may benefit by including play area availability as an environmental feature. 

In sum, models and theories such as the SEM, SCT, and 4 P’s of Marketing have 

provided a theoretical foundation of why the food environment is important to assess in 
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regard to youth’s dietary behavior.  It is also apparent that there are facilitators and 

inhibitors within the food environment that may alter youth’s dietary behavior.  Although 

the knowledge base has grown dramatically over the last 20 year, additional work is 

needed to continue to explore features and qualities of the food environment that may be 

associated with youth’s dietary behavior.  Specifically, the field would benefit from 

closer examination of the availability of healthy foods such as salads and unprocessed 

vegetables, low-cost menus and meal deals, sugar sweetened beverages, vegetarian and 

vegan choices, sustainable or local foods, outdoor seating, play areas, order location, and 

building maintenance.  Each of these factors may facilitate or inhibit youth’s healthy 

choices within their food environment.  Thus, further exploration of these factors will 

contribute to better awareness the food environment of youth. 
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3.2 STATE OF THE FIELD: THE FOOD ENVIRONMENT 

Currently, a variety of environmental factors and settings have been studied in the 

food environment literature.  Food environment research has focused on issues as specific 

as fresh fruit and vegetable availability within the home [21], and as broad as the 

association between health outcomes, such obesity and diabetes, and food deserts [105].  

To better understand these associations, a discussion of findings from the food 

environment literature related to adults and youth is discussed. 

Adults & Food Environment 

Research examining the food environment began by focusing on the relationship 

between the availability of food outlets and health outcomes such as overweight and 

obesity according to demographic factors such as race/ethnicity, income, or type of 

community (urban vs. rural).  For example, among adults, living near grocery stores 

appears to be protective against obesity, such that if a community had increased numbers 

of grocery stores, the community had a lower prevalence of obesity.  Further, increased 

numbers of convenience stores within a community were found to be positively 

associated with increases in BMI [8].  These results suggest that store type, such as 

increased availability of grocery and convenience stores, are associated with BMI of 

community residents. 

Other work has focused on identifying differences according to race/ethnicity and 

SES of the area.  For example, across the US, low-income and majority Black 

neighborhoods had access to fewer supermarkets when compared to White 
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neighborhoods [44].  This is problematic as lower SES, minority populations are already 

at increased risk for obesity.  Additional work examining grocery stores found that lower 

income and majority Black neighborhoods have significantly fewer chain grocery stores 

when compared to majority white neighborhoods [44].  This is concerning as chain 

grocery stores are more likely to have increased availability of healthy foods [106], while 

small markets and independent grocers are less likely to have fresh fruits and vegetables 

[107].  Collectively, studies suggest that food environments may differ between 

communities based on population characteristics such as race/ethnicity and SES. 

Similar results have been found outside of the US.  In a study of Canadian 

neighborhoods, areas characterized by low-income households, renters, single parents, or 

public transportation commuters had greater numbers of fast food restaurants and fewer 

supermarkets [108].  Similarly, within communities of Brazil, fast food restaurants were 

more common in areas of lower SES, while areas of higher SES had more full service 

restaurants and grocery stores [109].  Both of these studies reinforce previous findings 

that suggest disparities in food outlet availability are not limited to the US.  

Research among adults has continued to grow; however, it has become 

increasingly complex.  For example, in areas of New York, the density of unhealthy 

outlets was significantly greater than the density of healthy outlets, yet when considering 

BMI among residents, only greater density of healthy outlets was associated with lower 

BMI [9].  Further, while unhealthy outlets are prevalent, it may be more appropriate to 

consider the density of healthy outlets and their association with BMI [9].  Other work 

among over 2,000 adults in California found that lower-middle SES areas had the highest 
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number of fast food outlets per roadway mile, yet it was total restaurant density, not fast 

food restaurant density, that was associated with increases in BMI among residents [10].  

However, when considering car ownership of residents, individuals living in areas of high 

fast food density without a car had an increase in predicted weight of 12.2 pounds [10].  

This finding may be particularly relevant for youth as many do not have a car, but are 

able to walk to nearby outlets.  Based on previous study findings, this may consequently 

put youth at a higher risk for becoming overweight or obese.  Results of these studies 

exemplify the growing complexity of research within the food environment, particularly, 

regarding the associations of the food environment and obesity. 

While complex, food environment research continues to find that the food 

environment differs between communities.  Specifically, food environments among 

adults often differ according to race/ethnicity and SES.  A more thorough consideration 

of these key differences in the food environment may help explain disparities in health 

outcomes such as obesity. 

Youth & Food Environment 

An emerging theme within the food environment literature is food availability and 

accessibility around schools.  Schools have become a focus of food environment research 

because youth spend the majority of their days in and around their school.  Thus, food 

environment experts believe that focusing on areas around schools may provide evidence 

useful for the prevention of overweight and obesity.  Specifically, if we focus on the food 

environment youth encounter and interact with on a daily basis, we may better understand 

the influence of the food environment on youth. 



 41 

While the number of studies focused on the food environment around schools is 

growing, findings appear to be inconsistent regarding associations of outlets location, 

dietary patterns, and weight status of youth.  Early work examining food outlets near 

schools found that fast food outlets often cluster within walking distance of primary 

schools [11, 110] and high schools [12].  More recently, work has found no clustering of 

food outlets including fast food, grocery stores, and convenience stores near schools 

[111, 112].  Even though results appear inconclusive, consideration of food outlet 

availability may provide additional explanation of youth’s interactions with their 

environment. 

Conflicting findings have also been found for associations of food outlet 

availability, dietary patterns, and weight status of youth.  In a recent study which 

examined the relationship between diet, BMI, and prevalence of fast food restaurants 

located within a half-mile of middle and high schools found that fruit and vegetable 

consumption were lower, while soda consumption was greater among students if a fast 

food restaurant was located near the student’s school [13].  Although this study used 

secondary data for individual-level and environmental data, a key strength was that it 

included a sample of over 500,000 students dispersed across California.  Other research 

found an increase in SSB consumption among adolescents aged 10 to 16 years old who 

lived closer to a fast food restaurant, yet there were no significant relationships between 

proximity to fast food restaurants and fruit and vegetable consumption [14].  Other 

school-level results suggest that BMI Z-score, an adjusted measure of BMI that is relative 

to a smoothed distribution curve [113], is negatively associated with overall restaurant 
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prevalence and that percentage of body fat was negatively associated with the presence of 

a fast-food restaurant within a half-mile of the school [14].   

Although the previous study suggests the increased presence of restaurants, 

including fast food, may be supportive of decreased BMI and body weight, other research 

has found the opposite to be true.  A recent study of over 900,000 youth examining 

proximity of fast food restaurants to middle schools found that youth who attended 

schools with at least one fast food restaurant located near the school were more likely to 

be overweight [15].  Similarly, a longitudinal study of over 1,000 12 to 17 year olds 

found that fast food outlet density was significantly associated with greater individual 

level BMI in areas whose students were primarily black, Hispanic, and low-income [16].   

To further add to the mixed findings, other research suggests there are no 

associations.  In a study of fast food restaurant proximity to elementary schools, no 

associations were found between students’ weight status and the proximity of fast food 

restaurants [114].  Similarly, another study of over 14,000 youth (0-14 years old) in 

California found no association between outlet type (fast food, grocery store, 

supermarket, convenience store, or small food store) with dietary intake of fruits, 

vegetables, juice, milk, soda, high-sugar food, or fast food [39].  Although this study did 

not measure BMI as previous studies did, it measured dietary intake, a key factor 

associated with youth BMI.  Based on these findings, it is evident that conflicting 

findings exist as studies suggest positive, negative, and null associations between youth 

BMI and measures of the food environment.  
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Although findings across food environment studies and youth have been 

inconclusive, it should be noted that few studies use similar outcome measures.  Some 

authors examine individual-level BMI, BMI Z-score, body weight, or dietary intake, 

while others focus on school-level BMI.  Each of these measures aims to answer a similar 

question, yet each is likely assessing something slightly different.  Further, studies have 

used differing methods such as proximity or density to assess the food environment.  

Although both measures have strengths, they too measure the food environment 

differently and may not be comparable.  It is worth considering that school type 

(elementary vs. middle and high school) may have also led to differences in findings 

across studies, as each type of school may be located within unique food environments.  

These discrepancies between studies are not surprising given that research within the 

food environment is new and constantly developing, yet it limits generalizability and 

makes it difficult to translate research into practical and/or policy recommendations.  

Thus, consideration of differences across studies may help identify areas that can provide 

evidence of why different results occur.  
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3.3 CURRENT FIELD LIMITATIONS 

Given that the food environment field is new and much of the work is 

exploratory, many limitations exist.  Specific limitations include poor conceptual and 

operational definitions of food outlets, inconsistent coding tools, a lack of primary data, 

and measurement heterogeneity of variables.  

Outlet Definition 

Conceptual and operational definitions within research are critical as they allow 

for a clear decision to be made regarding research questions and variables to be measured 

[115].  Without clear definitions, it is difficult to replicate, confirm, or negate findings of 

previous work.  Currently, food environment research is lacking in clear conceptual and 

operational definitions such as what types of outlets are most important within the food 

environment, the difference between healthy and unhealthy outlets, and what constitutes 

a fast food restaurant. 

Conceptual Definition.  A conceptual definition helps researchers outline qualities 

of variables and allows them to distinguish what is and what is not important to their 

research question [115].  While few conceptually define the food environment, many 

point to a general definition such as outlets within the surrounding environment that have 

a primary purpose of selling food directly to individuals.  The majority of studies use this 

conceptual definition of the food environment, yet few include all forms of outlets in 

final analyses.  Researchers often restrict their sample to only include particular outlet 

types, even though many more outlets exist within the studied area.  For example, recent 
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studies have restricted samples to only fast food outlets and grocery stores [116], or fast 

food outlets, supermarkets/grocery stores, and convenience stores [39].  Still other work 

includes all chain outlets (including fast and traditional restaurants) [117], while several 

studies have included a larger variety of stores such as supermarkets/grocery stores, fast 

food restaurants, convenience stores, bakeries, pizzerias, candy and nut stores, and 

bodegas [9, 40, 118].  Limiting samples can be practical, as it allows researchers to dive 

deeper into possible associations within a particular outlet type, yet it can also be 

problematic if authors present conclusions and implications as if they were considering 

all of the possibilities within the food environment.  Further, when samples are restricted 

to particular types of outlets, authors are likely neglecting dynamic interactions of the 

environment with behavior.  For example, it is possible that even if an area has a greater 

number of fast food outlets, effects associated with BMI may have been off-set if the area 

also has greater numbers of grocery stores.  

Conversely, restricting samples, if done appropriately or with reason, can help us 

better understand particular outlets types.  For example, fast food and traditional 

restaurants [9, 39, 40, 116, 118] are two of the most commonly included outlets types in 

food environment research.  Given this, experts in the field may consider restaurants to be 

one of the more important types of outlets in the association with youth weight status.  As 

such, restricting samples to include only restaurants may provide researchers opportunity 

to study this specific type of outlet in more detail than would have been difficult 

otherwise. 
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Operational Definition.  Operational definitions within research outline how 

variables are measured [115].  For food environment research, operational definitions are 

used to define categories or types of outlets and establish how they are grouped and 

coded.  Two key operational definitions that vary between researchers include the 

definition of healthy vs. unhealthy outlets and fast food restaurants. 

Healthy vs. Unhealthy Outlets.  Given that research has suggested the food 

environment is associated with overweight and obesity, one of the most common ways to 

examine the food environment is to categorize outlets as either healthy or unhealthy.  

Typically, unhealthy outlets are considered fast food restaurants and convenience stores, 

while healthy outlets are grocery stores and supermarkets [9, 40, 118].  Fast food 

restaurants and convenience stores have been considered unhealthy because they 

primarily serve foods that are highly processed and high in fat, sugar, and sodium, while 

not offering many fresh fruits and vegetables.  Conversely, grocery stores and 

supermarkets are considered healthy because they offer fresh fruits and vegetables [9, 40, 

118], even though they also sell foods that are highly processed. 

While on the surface this categorization may be reasonable, study results have 

varied widely when using categories of food outlets grouped as healthy or unhealthy.  For 

instance, several studies which examine correlates of the food environment suggest that 

large grocery stores, fruit and vegetable markets, and specialty stores are healthy outlets, 

while fast food, pizzerias, convenience stores, small grocery stores or bodegas, candy 

shops, nut shops, and meat markets are unhealthy outlets [9, 40, 118].   Results of this 

work indicate that individuals living in areas with more fast food and pizza outlets (both 
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“unhealthy” outlets) had a lower mean BMI, whereas healthy outlets had little association 

with BMI [40].  Conversely, a recent study which considered healthy outlets 

(supermarkets and grocery stores) and unhealthy outlets (fast food, convenience stores, 

and small food stores), found no association between BMI or dietary patterns with outlet 

type [39].  Other work, which only considered unhealthy outlets, found no association 

between outlet type and BMI [111].  A novel aspect of this research is that authors 

included fast food and bakeries as markers of unhealthy food, but also included grocery 

stores.  Authors justify including grocery stores as an unhealthy outlet, as these outlets 

are just as likely to sell large amounts of processed foods of minimal nutritional value 

(e.g. chips, sodas, candy) as other traditionally ‘unhealthy’ outlet [111].  Although this is 

contradictory to the majority of food environment work, it should be not be discounted, 

as it may more appropriately represent what is likely to be purchased by youth before or 

after school.  For example, even if youth have the opportunity to purchase a fresh fruit as 

a snack, they also have the opportunity to purchase a variety of highly processed, pre-

packaged snacks and SSBs.  Because of this discrepancy, the categorization of outlets 

based on a healthy and unhealthy framework should be reconsidered, not only because of 

current conflicting findings, but also because operational definitions may not represent 

what is purchased, particularly by youth. 

Fast Food Outlet Definition.  In addition to problematic definitions and findings 

related to healthy and unhealthy outlets, there is a discrepancy between what is 

considered fast food among food environment researchers.  Some research defines fast 

food outlets by using pre-determined codes from secondary sources such as Dunn and 
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Bradstreet data [9], while others determine fast food as only top selling, internationally 

known franchises [39, 116].  Additional definitions include outlets where food is ordered 

at a counter, payment is made prior to receiving food, there is a limited wait staff, or 

outlets that maintain expedited foodservice times [30, 114, 119, 120].  On the surface, it 

may appear that all definitions are similar, yet these small differences in definition result 

in restaurants being classified differently across studies.  Each small difference in the 

operational definition makes it difficult to compare results across studies.  Further, given 

that previous research suggests youth consume increased amounts of fast food, it is 

highly concerning that researchers examining fast food use varying definitions, as this 

type of food is likely an important contributor to the dietary patterns of youth.  As such, 

the food environment field could strongly benefit from clearer operational definitions of 

both healthy vs. unhealthy outlets, as well as fast food restaurants. 

Food Environment Coding Tools 

Currently, few studies use similar types of codes or coding tools to assess the food 

environment.  Among studies that developed coding schemes for outlets classification, 

some include as few as 3-10 outlets classification types [41, 42], while others include 21 

overarching classifications with 77 sub classifications [43].  To determine these 

classifications, the majority of studies have used standard commercial definitions such as 

the North American Standard Industry Classification System (NASICS) [121-124] or 

generalizations from NASICS codes and products that are typically sold within the outlet 

[9, 118, 125]. 
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Although industry definitions may provide direction on classification, these 

classification systems likely give little to no attention to qualitative aspects of outlets 

such as food promotions, preparation, or quality, given that they are based on industry 

codes alone.  Further, many outlets appear healthy on the surface, but, in reality, choices 

made by individuals at restaurants may not include the healthy options.  Recent work 

exemplified this phenomenon by comparing youth’s choices at a “healthy” outlet 

(Subway) and an “unhealthy” outlet (McDonalds) and found no significant difference in 

the nutritional content of foods chosen [126].   Similarly, other work that focused on 

dietary patterns of youth who report visiting burger-and-fries and sub/sandwich shops 

found similar amount of total calories, fat, and saturated fat were consumed at each type 

of restaurant [127].  Even though it is unclear if these classifications systems take these 

discrepancies into consideration, distinguishing outlet types more clearly may provide 

better indication of healthfulness of an outlet.  Given this, it is possible food environment 

research has overlooked primary distinctions between food outlets that may help 

differentiate how individuals, particularly youth, interact with their food environment. 

Lack of Primary Data 

Given the heavy reliance on industry classification, it is not surprising that the 

majority of research within the food environment has been based on secondary data.  Use 

of secondary data sources has benefits such as ease of access and reduced labor cost 

when compared to primary data [46], but it is also problematic as it often does not 

capture the complete environment because of errors in reporting location due to business 

turn over [45, 46].  Direct observation is better at capturing the true food environment by 
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identifying outlets such as smaller markets, vending machines, and street vendors [125].  

A review of food environment methods found only two studies that used direct 

observation to determine food outlet location and density, while nine studies used 

secondary data sources such as commercial or governmental business listings [46].  Of 

those using secondary data, the majority of studies collected information from 

governmental organizations (e.g., census data) [44], private data collection agencies (e.g., 

Dunn and Bradstreet) [14, 39, 40], or open source databases (e.g. Microsoft maps) [16, 

43] to document outlets through food license data or reported location. 

When examining differences between primary and secondary data, validity of 

data is a major concern.  A recent study comparing a database of commercial listings in 

Montreal to field validation found that commercial listings underrepresented the food 

environment by approximately 15%.  Only 64% of outlets identified by the database 

matched correctly with what was observed in the field.  An additional 50 outlets listed in 

the commercial database included the wrong name of the outlet [128].  These mismatches 

are particularly problematic as names of outlets are often variables in how outlets are 

categorized [9].  Other work found similar results and suggests that using secondary data 

to evaluate effects of the food environment may underestimate the relationships being 

examined due to underrepresentation of the food outlets [45].  Thus, primary data appears 

to be a more appropriate and valid way to assess the food environment, even though it is 

rarely used within food environment research. 

Problematic validation of secondary data has not been limited to areas outside the 

US.  A recent study in South Carolina compared data from Dunn and Bradstreet and 
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InfoUSA, both commonly used secondary data sources for food environment research, to 

fieldwork performed by a trained research team.  Dunn and Bradstreet data undercounted 

existing supermarkets by 42% and limited-service restaurants such as fast food by 59%, 

while InfoUSA undercounted supermarkets by 39% and limited-service restaurants by 

92%.   Much of the undercounting was due to problematic categorization of outlets 

according to NAICS codes [129], one of the most common ways to categorize food 

outlets.  Similar work compared Nielsen and Dunn and Bradstreet data to field validation 

in 31 census tracks.  Data collectors identified 174 total food outlets across the census 

tracks, while Nielsen data suggested there were only 111 and Dunn and Bradstreet 

suggested there were 95.  This corresponded to a 75% agreement between secondary data 

sources and field validation in the selected census tracks [26].  This study also considered 

Latino-oriented outlets, outlets which primary sold foods Mexican or Latin American 

foods.  Data collectors identified 25 Latino food outlets across the census tracks.  Of 

these outlets, only 20% were included in the Nielsen data and 52% in Dunn and 

Bradstreet data [26].  Together, results suggest that relying on secondary data in general 

and for specific populations such as those living ethnic majority areas may be particularly 

problematic due to misrepresentation within datasets.  While it is unclear why this may 

be, it could be because of poor documentation of ethnic restaurants by commercial 

datasets due to frequent closures or discrepancies with restaurant licenses. 

Finally, work that compared field validation to publicly available outlet data 

continued to find problematic validity.  For example, of 619 establishments identified 

through fieldwork, only 59% were found on Yell.com, an online business directory, and 
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63% were listed in the Yellow pages [43].  When comparing field data collection to city 

council data, 564 of the 617 establishments, or 91%, were documented similarly [43], 

suggesting that data held by a government agency is likely more valid that those publicly 

available.  Results also support previous work, which suggests agreement between 

secondary data and field data collection is the poorest in rural areas [43, 106]. 

While primary data collection is labor intensive and expensive, the difference 

between primary and secondary data may be one of the many reasons why food 

environment research often produces conflicting results, particularly when assessing 

unique communities.  Given this, additional attention should be given to the data source 

when interpreting results, especially when it comes to results regarding unique settings 

such as rural areas and ethnic food outlets. 

Outlet Measurement 

 Due to varying definitions and data sources, food outlets have been analyzed 

differently across studies.  These analytic differences are most apparent through the 

various geographic information systems (GIS) techniques used.  GIS is a common form 

of analysis that allows for geographic analysis and visualization of data.  A recent review 

found that common analyses of the food environment include buffers (circular and 

network), kernel density, spatial clustering, Euclidean or Manhattan distance, distance by 

road or street, and modeling of travel time [47].  Although each analysis method provides 

a unique finding to add to the literature, using a variety of analysis methods across studies 

reduces ability to synthesize results. 
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 In addition to GIS analysis differences, studies often differ in their definition of 

study area.  Some studies focus on neighborhoods around a participant’s home or school 

[14, 130], while others leverage census track information [40, 118], or school-based data 

sets [16, 111].  Each of these methods used to examine the food environment may be 

useful, yet it further complicates overall findings.  Specifically, it is difficult to combine 

findings across studies examining associations of food outlets and obesity when some 

studies are focused on areas around schools and others present findings based on census 

tracks.  

Studies that use GIS buffers to determine study areas often use different buffer 

distances.  Some studies use buffers around a central point (e.g., school location or home 

address) as small 500 meters [97, 131], whereas others use buffers of 800 meters [11, 70, 

110, 132], 1000 meters [133], or even 2000 meters [134].  This wide array of buffer 

distances is often related to study population.  Studies near schools in urban areas may 

choose to use smaller buffers as youth attending those schools likely live near the school, 

while studies in rural areas may use larger buffers, as youth attending the target school 

may have to travel longer distances.  While this is reasonable, differences in buffer 

distance often lead to problems interpreting results across studies. 

Outcome Measurement 

 Another limitation of the field is the varying measurement of outcome variables. 

Of the many outcome variables included in food environment research, the two most 

common are dietary intake and weight status.  While it is considered a strength that many 

studies include one of these measures, few studies measure them similarly.  In regard to 
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dietary intake, a recently study used data from a statewide, in-person survey that 

measured previous day consumption of fruit, vegetable, juice, milk, soda, high-sugar 

food, and fast food [39], while another used self-report survey data on only fruit, 

vegetable, juice, soda, and fried potato foods [13].  Still others perform 24-hour recalls to 

measure total energy intake, daily fat, fruit, vegetable, fast food, and restaurant food 

consumption [14].  Each of these methods provides strengths, yet also often produce 

different results. 

 In regard to weight status, BMI is the most common measure, yet differences in 

measurement technique are present throughout the food environment literature.  For 

example, some authors use self-reported height and weight to calculate BMI [13, 16], 

whereas others use objectively measured BMI collected through secondary sources such 

as FITNESSGRAM data [40] or perform primary data collection [14].  Each difference in 

measurement across dietary intake and BMI further exemplify the need for the 

streamlining of research within studies of the food environment.  Without consistency 

across studies in measurement, public health professionals will have difficulty 

interpreting overall associations of the food environment with behavior.  
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3.4 CURRENT STUDY 

Given the problematic definitions associated with food outlets and the lack of 

primary data, the purpose of this study is to focus on addressing classification issues 

while collecting primary data on the food environment.  This study created an expert and 

literature-informed coding tool that was used to describe restaurants located within the 

food environment of high school students.  Finally, this study examined associations 

between restaurants and weight status of youth.  Specifically, this study aimed to: 

 

1.)  Create an informed, reliable coding tool that will appropriately code and 

distinguish restaurants found within the food environment of high schools. 

2.)  Determine associations of the restaurant food environment with school-

level BMI by using restaurant codes developed through this dissertation. 

 

While there are problems with all outlet classifications, restaurants were selected 

as the focus of this study because differing definitions and classification of restaurants, 

particularly fast food restaurants, are one of the most problematic within the field.  This 

study included all restaurant types and aimed to distinguish them systematically from one 

another.  While restricting the study population of outlets to restaurants will not capture 

differences among other outlet types (e.g., grocery stores or convenience stores), the 

focus on restaurants is critical, as these tend to be the most likely types of outlets to differ 

in foods available.  This study also aimed to create reliable and informed measures to 
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determine if associations exist between restaurants and weight status among youth, a 

highly debated topic within the food environment literature.  Finally, this study focused 

on restaurants located near high schools.  This was chosen as high school students have 

an increased capability to visit the restaurants, as they are more likely to have a driver’s 

license or have off-campus lunch. 

A key strength of this study it is the collection of primary data, as research 

suggests primary data are the most appropriate way to accurately represent the food 

environment.  This study also adds to food environment literature by addressing the 

primary limitations of poor definitions by outlining definitions of restaurant types, 

creating an empirically informed coding tool, and using primary data to determine 

associations of restaurants and BMI.  This study did not address the current limitation of 

varying GIS analysis techniques or outcome measurements, yet future research should 

consider examining how these differences have affected our understanding of the food 

environment.  
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Chapter 4:  Background and Methods for Dissertation 

4.0.1 OUTDOOR MEDIA BACKGROUND AND SIGNIFICANCE 

The Outdoor MEDIA (Measuring and Evaluating the Determinants and Influence 

of Advertising) Study was designed to document and describe the prevalence of outdoor 

food and beverage advertising and outlets within one-half mile of 34 middle schools and 

13 high schools [135, 136].  Using geographic information systems (GIS), maps, and 

driving directions, data collection teams systematically documented all food and 

beverage advertisements and outlets around each school through photographs and Global 

Positioning Coordinates (GPS) coordinates.  All data was collected using an electronic 

tool, created specifically for the Outdoor MEDIA project. 

Creating Maps 

ESRI ArcGIS [137], a commonly used GIS software, was used to create maps 

representing all streets located within 800 meters (approximately a half-mile) of each data 

collection school.  Street files were downloaded from a comprehensive set of 

downloadable GIS data for central Texas [138] and included all streets in Travis County 

and Williamson County, last updated July 8, 2011.  School locations were downloaded 

from the Texas Education Agency and were last updated July 2010 [139].  Both files 

were brought into ArcMap as data layers.  This allowed for visualization of all schools 

and streets located within Travis and Williamson County.  The coordinate system used 

for this series of layers was the North American Datum 1984 State Plane Central Texas 

with a Lambert Conformal Conic projection to minimize distortion from East to West. 
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All schools defined as data collection schools were selected by name within the 

Texas Education Agency layer of school locations and exported as a new layer.  This 

created a GIS layer of only data collection schools.  Locations of schools were verified by 

comparison with Google Maps [140].  To allow the research team to see exactly what 

streets fell within 800 meters of data collection schools, an 800-meter circular buffer 

around each middle school was created using the Buffer tool in ArcMAP.  Maps were 

then printed for each school and included the name of the school, address, and scale bar 

to assist in creation of driving directions and future data collection.  

Data Collection Driving Directions 

Driving directions for each map were created based on a protocol developed for a 

similar project documenting outdoor alcohol advertising [141].  Turn-by-turn driving 

directions were created to ensure that every possible street in the 800-meter buffer around 

the school was documented.  All directions began at the school and continued down each 

street located within the school buffer.  Streets located within neighborhoods were driven 

down once in a single direction, while larger streets and highways were driven down 

twice (e.g. north and south or east and west) to allow data collectors to view each side of 

the street separately.  When the school buffer intersected a street, the directions continued 

to the next appropriate stopping point, most often to the next block or landmark.  To ease 

data collection burden, directions were created to flow as continuously as possible.  

When that was not possible, directions would return to the school or another major 

intersection or landmark and proceed in a different direction.  As streets were completed, 
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a data collector would highlight the street on a provided grid map of the area to provide a 

record of completion. 

Due to the scale of the street file, not all street names were printed on the grid 

map used for reference.  To accurately create the directions for streets not named 

specifically on printed maps, Google Maps was used.  The address of the school was 

typed into Google Maps, and the zoom tool was used to locate street names and traffic 

flow on streets unnamed by the ArcGIS printout.  Google Street View was particularly 

useful in creating the map directions because it allowed data collectors to determine 

appropriate stopping locations, find discrepancies between the ArcGIS map and Google 

Maps, and identify traffic flow of streets.   

Data Collection Protocol 

The data collection protocol was based on a protocol used for Project Northland 

Chicago (PNC) [141, 142], a similar project that documented alcohol advertising around 

schools.  Key components of the data collection protocol included the research objective, 

how the objective would be accomplished, instructions on what to look for while in the 

field, field safety, needed materials, descriptions and directions of how to use materials, a 

team overview, and description of responsibilities for each team member, as well as a 

detailed description of how to systematically collect data while in the field.  Once data 

collection was complete, lessons learned and best practices were added to the protocol to 

aid in future projects and data collection. 

The Outdoor MEDIA Direct Observation Tool 
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While previous projects documenting advertising and outlets typically gathered 

information through paper and pencil forms [141, 142], the Outdoor MEDIA study opted 

to collect all data electronically.  This method was chosen as it would minimize manual 

data entry, increase efficiency of data collection, decrease the likelihood of human error 

during manual entry, and allow for the embedding of photos into electronic records.  The 

tool created for this project was named the Outdoor MEDIA Direct Observation Tool, or 

Outdoor MEDIA DOT.  When designing this tool, an iPod Touch® was selected as an 

appropriate means of data collection for a variety of reasons.  First, the iPod Touch® has 

access to FileMaker and FileMakerGo, partner software programs that allow for the 

creation of a customized database to use on desktop computers and an iPod Touch® 

[143].  This combination of FileMaker and FileMakerGo is relatively inexpensive, easy 

to use, and has the ability to take and embed photographs via the iPod Touch® camera 

into data collection records [143].  This removed the problem of manually linking digital 

camera photos to an individual data collection record.  Finally, as many people own smart 

phones or similar devices, the use of this device to document food and beverage 

advertising and outlets in public areas was not disruptive and did not attract attention 

when entering data or taking photos. 

To create the mobile databases with FileMakerGo, both FileMaker Pro and 

FileMakerGo were used.  FileMaker Pro allowed for creation and merging of the 

databases [143] to be used with FileMakerGo.  This project created separate files for each 

school to ensure that only the data for each school would be modified at one time.  

Further, it would prevent all data from being lost if something were to happen while in 
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the field.  Once the data was collected in separate database files, each file was merged 

together to create one comprehensive database.  

Designing the template began with creating labels for each of the items to be 

collected.  Once all labels were created, a layout was designed to incorporate each label. 

A header was included to automatically populate the fields for the school ID, address, 

latitude, longitude, date, starting/ending time, starting/ending mileage, and data collection 

team information.  Below the header, key variables were included with drop-down menus 

that provided response options.  Each response option was predetermined based on 

categories and types of advertisements and outlets used in previous research.  Three 

photo boxes were included on each record to allow for direct collection of photographs. 

This enabled data collectors to take multiple pictures of the advertisement or outlet to 

ensure that an appropriate angle and context could be considered in later coding.  Finally, 

a description and notes box was placed at the bottom of the layout to provide a place for 

notes that data collectors deemed important while in the field.  In all, two files were 

created for each data collection school, a primary data collection file and a backup data 

collection file. This ensured there was at least one working file for primary data 

collection while in the field.  After creation of the database files, all files were synced 

between the computer and iPod Touch®. 

During field application of FileMakerGo, data collectors were instructed to begin 

facing the school and take a photograph of the school sign and any visible advertisements 

or outlets.  Data collectors then proceeded out of the school grounds to follow the turn-

by-turn driving directions to document all food and beverage advertisements and outlets 
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within the designated half-mile of the school.  Once data collection was complete, data 

collection teams returned to the research lab and downloaded completed data collection 

files onto a single desktop computer.  After all school data collection was completed, 

master files were created for each school type (middle and high school) by merging all 

respective school files.  This resulted in 4,463 middle school total records and 2,022 high 

school total records, each record representing a single advertisement, establishment 

advertisement, or establishment.  

For studies described in this dissertation, only restaurant establishments from the 

high school master file were included.  Each restaurant was coded by Outdoor MEDIA 

data collectors using the definition of any food and beverage outlet with the primary 

purpose of selling ready to eat foods directly to the customer.  This included fast food 

restaurants, quick service, and full service restaurants.  Restaurants, including fast food, 

quick service, and full service restaurants, were selected as the primary topic of study as 

they are most often associated with outcomes such as BMI [144], weight status [16], and 

dietary behavior [145].  Food trucks and mobile food vendors were documented with a 

separate code (Food trailer), and were not included in this study, as they are unique, offer 

limited menus, and have variable locations.  Gas stations and convenience stores were not 

included, as they do not have a primary purpose of serving ready to eat foods to 

customers.  While each of these other types of food outlets are significant and should be 

further explored, this dissertation focused on restaurants because they are one of the most 

common food outlets within the food environment and are likely visited by youth. 
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This left a final sample of 82 restaurants located around 13 high schools.  Of those 

82 restaurants, 58 were still operating at the same location.  Among restaurants that were 

still operating, 52 of those restaurants were unique.  The final sample included in the 

present study included all 58 restaurants documented by the Outdoor MEDIA study.  Due 

to current inconsistencies within the literature regarding restaurants categorization, this 

dissertation explored possible solutions to poor categorization of restaurants, as well as 

associations of restaurants and restaurants features with youth weight status. 
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4.1 STUDY 1:  CREATING AN INFORMED, RELIABLE CODING TOOL TO DESCRIBE FOOD 

AND BEVERAGE RESTAURANTS 

Over the last decade, some states have seen significant reductions in childhood 

obesity prevalence, yet the overall national prevalence has remained unchanged at 17% 

[1].  This high rate of obesity among youth is problematic for many reasons.  First, 

childhood obesity is associated with outcomes such as anxiety and depression, behavioral 

problems, and low self-esteem during adolescence [3, 4].  It is also known that obese 

youth are at increased risk for becoming obese adults [146] and experiencing obesity 

related health problems such as coronary heart disease, stroke, diabetes, and certain types 

of cancers [7].  Given these problematic outcomes, research aimed at decreasing 

prevalence of obesity among youth is warranted. 

Recent obesity prevention efforts have begun to focus on environmental 

determinants, such as the food environment.  Initial food environment research explored 

food availability and its relationship with adults [9, 85, 108, 122], yet recently research 

has shifted to focus on youth populations given the high prevalence of childhood obesity 

[12, 73, 111, 130, 145].  Specifically, research has focused on the food environment 

around schools, as youth spend a large part of their day in and around schools, yet results 

of these studies appear to be conflicting.  For example, some research suggests that 

having fast food restaurants near a school is associated with increased weight status 

among students [15, 16], while others find fast food restaurants to be associated with 

decreased BMI [14], or have no association with diet [39].  While it is not unexpected to 
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have conflicting findings given that the food environment field is still developing, it is 

problematic as it implies discrepancies within the field exist. 

When examining the food environment literature, there are key areas in need of 

improvement.  In particular, the food environment field has poor food outlet definitions, 

incomparable coding tools, and a lack of primary data.  Researchers rarely define what 

they consider a food outlet to be or why only certain food outlets are included in each 

study.  Furthermore, clear definitions often do not exist for some of the most commonly 

used terms within the literature such as what makes a restaurant a fast food restaurant.  

Each missing or poorly reported definition is increasingly concerning because without 

clear definitions others in the field will rarely produce similar findings (if they exist) or 

be able to replicate study designs. 

Of the problematic definitions, one that is highly concerning is the varying ways 

fast food restaurants are defined within the literature.  For example, some research 

defines fast food outlets by using pre-determined codes from secondary sources such as 

Dunn and Bradstreet data [9], while others determine fast food as only top selling, 

internationally known franchises [39, 116].  Still others define fast food restaurants as 

those where food is ordered at a counter, payment is made prior to receiving food, there is 

a limited wait staff, or outlets that maintain expedited foodservice times [30, 114, 119, 

120].  Superficially, each of these definitions may appear appropriate, yet closer 

consideration suggests otherwise.  For instance, if a study considered any outlet where 

food is ordered at the counter a fast food restaurant [147], similar codes for both 

McDonald’s and Panera Bread would be used, as they both require customers to order at 
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the counter.  While both restaurants have a similar ordering style, it is possible that each 

outlet offers different types and quality of foods.  Similarly, it may be inappropriate to 

rely on previous research, which has categorized all restaurants that include a single word 

in the title as a particular type of outlet.  For example, recent research suggests that if the 

word “pizza” is either in the outlet name, slogan, or is a primary food sold within the 

restaurant it should be considered a fast food restaurant [9].  Although this may be 

appropriate for some restaurants, it is likely that pizzerias vary in specific foods offered 

and quality of ingredients.  Given this, a focus on restaurants may provide a more 

detailed picture of this aspect of youth’s complex food environment. 

Another limitation is that few studies examining food outlets use similar or 

comparable tools.  Currently, there are food environment coding tools that include as few 

as 3-10 outlet classifications [41, 42], while others include 77 classifications [43].  Even 

though each tool may provide unique information, the use of various coding tools across 

studies likely adds to the variability in food environment findings.   Additionally, of the 

studies describing food environment coding tools, few report how tools were created or 

reliability of measures [97, 135, 148, 149].  Without knowledge of how a tool was 

developed or if the measures are reliable, it is unclear if it appropriately measures the 

food environment.  To ensure that a restaurant coding tool is appropriate and reliable, 

restaurant categories and associated coding definitions should be informed by experts, 

evidence based, and tested for inter-rater reliability. 
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Finally, the food environment field lacks use of primary data.  The large majority 

of food environment studies have used secondary data from government agencies [44], 

private data collection companies [39, 40], or open source databases [16, 43].  Although 

using secondary sources is appealing as it is less labor intensive and fieldwork is not 

required, it is often incomplete and contains errors in location reporting due to rapid 

business turnover [45, 46].  This heavy reliance on secondary data sources suggests few 

studies may accurately represent the true food environment.  Further, use of industry or 

governmental data likely lacks qualitative information on restaurant features that are 

unique to each outlet and may help explain associations of the food environment and 

youth weight status.  For example, it is unlikely that secondary data sources would 

identify if types of promotions available [28] or accessibility of foods within outlets [23], 

both of which have been associated with food choice among youth.  

Given the varying methods used to define, categorize, and identify food and 

beverage outlets within previous research, the purpose of this study was to create a 

restaurant coding tool based on expert opinion and literature review that will 

appropriately code restaurants over and above what has currently been used in the food 

environment literature.   Restaurants were chosen as the primary focus of this study as the 

association between distance to and density of restaurants and weight status is one of the 

most highly debated topics among food environment experts [9, 13, 16, 40, 111, 112, 

150].   Further, this study assessed the inter-rater reliability of the coding tool, and then 

used the tool to code all restaurants found within the food environment of high schools.  

While other studies have used coding templates and guides to assess the food 
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environment, this study is among the first to develop and describe in detail an electronic 

tool used to identify restaurants and restaurant features within the food environment 

around high schools.  This study is also among the first studies to inform restaurant codes 

through both expert opinion and literature review.    

Methods & Analysis 

This study collected primary data on restaurants documented by the Outdoor 

MEDIA study [135], a study that documented food and beverage advertising and 

establishments surrounding middle and high schools in central Texas during Spring 2012.  

For this project, all advertisements and establishments located within a half-mile of 34 

middle schools and 13 high schools were documented using comprehensive driving 

directions, GIS based maps, and a reliable, electronic tool to systematically identify food 

and beverage advertisements and establishments. 

For each advertisement or establishment, variables collected included GPS 

coordinates, category (advertisement or establishment), type (fast food, grocery, 

convenience), and photograph, as well as any notes or description of the advertisement or 

outlet data collectors deemed important.  This resulted in 4,463 middle school total 

records and 2,022 high school total records, each record representing a single 

advertisement, establishment advertisement, or establishment. 

Although the Outdoor MEDIA study documented restaurants around middle and 

high schools, only restaurants located around high schools were used in this study.  This 

left a sample of 82 restaurants located around 13 high schools.  Of those 82 restaurants, 

58 were still operating at the same location at the time of data collection.  Among 
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restaurants that were still operating, 52 of those restaurants were unique.  All 58 

restaurants documented by the Outdoor MEDIA study were included within this study’s 

sample. 

Informing Tool Codes 

Codes for the restaurant environment coding tool, were informed through two 

methods.  First, a survey was created and sent to a sample of Registered Dietitians (RDs), 

nutrition experts that often have knowledge of the food environment.  A convenience, 

snowball sample was chosen as it allowed for the survey to be delivered to known 

respondents who had an interest in the general topic of the food environment 

(convenience), and then allowed participants to forward the survey link to other RDs that 

may have been interested in participating (snowball).  Participants were selected based on 

personal contacts that were known to be RDs.  A survey link was directly emailed to 

possible participants.  The survey link was also posted on a list serve for graduates of a 

Coordinated Program in Dietetics.  Participation for this survey was voluntary and 

uncompensated. 

The survey included four questions and was created through SurveyMonkey.com.  

It was designed to collect information on what RDs believed to be the most important 

qualities and factors are for determining the healthfulness of a restaurant.  Additional 

items asked participants to describe a healthy diet, where they currently resided, and to 

confirm RD status.   

Restaurant Healthfulness.  One item was used to determine factors or qualities 

RDs believed to be helpful for determining healthfulness of a restaurant.  Specifically, 
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this item asked, “What do you believe are important qualities/factors to consider when 

determining the healthfulness of a restaurant? Please list at least 5.” Participants were 

given 10 free-response boxes.   This item was central to the development of the coding 

tool, as participant responses provided a foundation for future codes. 

 Healthy Diet.  One item was used to identify what RDs believe to be a healthy 

diet.  This item read, “How would you describe a healthy diet?” A single free response 

box was provided for participant response.  This item was included to ensure that each 

RD had a similar perception of what constitutes a healthy diet. 

 Current Location.  One item was used to identify each participant’s current 

location by asking, “What city do you current live in?” A single free response box was 

provided for participant response.  Current location was asked to ensure that participants 

were not clustered in a single geographic area. 

 Registered Dietitian Status.  The final item of the survey was designed to identify 

if participants were currently RDs by asking, “Are you a Registered Dietitian?”  

Response options included “Yes” or “No.”  This question was included to ensure that all 

participants completing the survey were currently a RD. 

The survey was open for two weeks.  Participants who did not self-identify as an 

RD were excluded (n=1).  Once data collection was complete, responses for each 

question were reviewed and grouped together based on likeness.  Codes were then 

developed based on responses within each group.  After codes from the RD survey were 

developed, the food environment literature was reviewed to further inform RD developed 

codes.  By referring to the literature, each code included within the tool was evidence 
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based and/or supported by nutrition experts.  Specifically, the food environment literature 

was reviewed for qualities and features of restaurants that previous research suggests may 

help explain how youth interact with their food environment.  

Creation of Electronic Coding Tool 

After determination of restaurant codes, a custom, electronic tool was created 

using FileMaker Pro and FileMakerGO [135].  First, a template was designed to 

incorporate all variables for this study, as well as relevant variables from the Outdoor 

MEDIA study.  The first variables to appear were those from the Outdoor MEDIA data 

set such as school ID, photo, notes, and description of the restaurant.  Using the same 

variables enabled relevant data to be imported and linked in the new coding database.  

The template also included variables developed by the RD survey and literature review. 

A data collection and coding protocol was developed for this study and was based 

on previously used Outdoor MEDIA protocols [135].  Key features of the protocol 

included purpose of the study, steps for completing data collection, how to use 

FileMaker/FileMakerGO, and detailed definitions of each variable included in the 

template.  The completed protocol was used to train data collectors prior to testing 

reliability of the tool. 

Reliability Testing & Analysis 

To test reliability of the restaurant coding tool, a series of tests were completed to 

ensure the tool was reliable across multiple types of data collectors.  Specifically, 

reliability of this tool was tested using an RD with master’s degree in health education as 

the “gold standard” against three additional coders: an undergraduate research assistant 



 72 

with nutrition training, an undergraduate research assistant with no nutrition training, and 

a nutrition graduate student.  By testing reliability across each type of coder, this study 

ensured that the tool created would be reliable regardless of the background knowledge 

and training of the coder. 

Before reliability testing, each coder was trained on using the template and 

protocol.  Once trained, each coder received an iPhone®/iPod Touch® with a school 

specific data collection file to be used for reliability testing.  During reliability testing, 

each coder completed data collection independently within each restaurant around a 

single high school.  Simultaneous data collection ensured that food environments 

experienced by both coders were exactly the same (e.g. promotions or menu did not 

change).  After data collection was complete on all restaurants around a single school, 

completed files were loaded on to a desktop computer for reliability analysis. 

For reliability analysis, responses for each of the coders were compared through a 

custom equation, which calculated a percent agreement across records.  This custom 

equation compared each variable within a record across files and presented an overall 

percent agreement by record.  A mean percent agreement was then calculated to represent 

a reliability measure overall and for each school.  Percent agreement was chosen because 

it allows reliability to be determined for the overall record/restaurant.  Other reliability 

statistics, such as Cohen’s Kappa, were not chosen as the level of chance agreement 

varied within each record and school of the study sample.  Additionally, this method has 

been successfully used by previous research to examine reliability of a data collection 

tool [135]. 
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After reliability testing was completed, all of the remaining 58 restaurants around 

sample high schools were visited and coded using the restaurant coding tool by a single 

data collector.  A master file of all restaurant data collected was then created to serve as 

the primary data analysis file.  Data was then exported to Microsoft Excel for analysis. 

Results 

Creating Restaurant Codes 

The RD Survey was sent to 14 known RDs and posted on a list serve of 

Coordinated Program in Dietetics graduates.  Each RD contacted was also asked to send 

the survey to other RDs they thought might be interested in participating.  Overall, 21 

responses were received during the two weeks the survey was open.  One participant was 

removed from the sample as they self-reported not to be an RD, leaving a final sample of 

20 participants.  Participant RDs were located in Texas (n=7), New York (n=1), 

Pennsylvania (n=1), Louisiana (n=1), Illinois (n=1), Canada (n=7), and Arizona (n=1).  

Overall, RDs largely suggested that a healthy diet is balanced (n=11), focused on 

vegetables (n=7), and includes a variety of foods (n=4). 

Survey participants identified 113 total factors/qualities they believed to be 

important in determining the healthfulness of a restaurant.  Of total responses, 27 were 

unique (e.g., not repeated by another participant).  The most common responses included 

the availability of vegetables/vegetarian/vegan dishes (n=19), identification of food 

source/sustainable food practices (n=13), and freshness/minimal processed (n=10).  

Others common responses included overall food choice (n=6), portion size (n=6), 

substitutions possible (n=6), sodium content (n=6), and fried alternative/unbreaded 
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entrees (n=6).  Based on responses and the top factors/qualities suggested by RDs, five 

key variables were included on the data collection tool.  These included the availability of 

unprocessed vegetables, minimally processed foods, vegetarian and vegan entrees, side 

salads, and if locally sourced or sustainable foods are served.  Although additional factors 

and qualities mentioned by RDs, they were not included as they were less frequently 

reported.  Further, it was determined that usability of the tool would be improved by 

including only items most frequently reported.  See Table 2 for detailed list of 

factors/qualities reported by RDs. 
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Table 2. Qualities and factors used for determining restaurant healthfulness. 

Quality/Factor n 
Vegetable/Vegetarian/Vegan/Leafy Greens 
        Vegetable/Leafy greens (13)* 
        Vegetarian/Vegan (6)* 

19 

Locally sourced/Sustainability* 13 
Freshness/Minimally processed* 10 
Overall food choices 6 
Portion size 6 
Substitutions possible 6 
Sodium 6 
Fried alternative/Unbreaded entrees 6 
Whole grains 5 
Fresh fruit 5 
Nutrition information available 5 
Beverage choices 5 
Balanced meals 3 
Cooking technique 3 
Calorie content 3 
Fats 3 
Variety 2 
Taste 2 
Sugar 2 
Advertising 1 
Cleanliness 1 
Safety 1 
*Included on restaurant coding tool 
 

In addition to variables developed during the RD survey, ten variables were 

included based on findings within the literature.  These included the accessibility of sugar 

sweetened beverages (SSBs), availability of meal deals, availability of low-cost menus, 

availability of kids menus, outdoor seating, play area, order location, if the restaurant is 

good for groups, and building/landscaping maintenance.  Each variable was included as 
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it represented an area within the food environment literature in need of further 

exploration. 

The accessibility of SSBs was identified as an environmental feature that has yet 

to be thoroughly explored.  While various studies have found that availability within an 

environment is associated with consumption [24, 151, 152], few have documented 

accessibility within restaurants.  Because of this, a variable was developed to specifically 

identify the access of SSBs within a restaurant. 

Cost of food also appeared within the literature as a key factor for youth’s 

consumption patterns [22, 27].  Specifically, youth often choose foods they believe will 

give them the highest satiety value for the lowest cost [22].  Given this, documenting the 

availability of low-cost menus (e.g., dollar menus) and meal deals may provide added 

context to the relationship between youth and the food environment as these restaurant 

features likely appeal to youth.  To do this two variables, one documenting the 

availability of single item, low-cost menus and one documenting the availability and 

options of meal deals, were included on the restaurant environment coding tool.  

Another variable that may be uniquely important for youth, particularly high 

school aged youth, is the idea of order location.  Currently, food environment research 

has classified outlets based on where customers order food.  For example, research has 

often categorized restaurants as a fast food restaurant if customers order at the counter 

[153], yet this approach may oversimplify the classification of restaurants by neglecting 

to identify “fast casual” restaurants (e.g., Panera Bread, where customers order at the 

counter, but receive food at the table) or those with drive thru windows.  These additional 
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order locations may be particularly significant for youth as fast casual restaurants offer a 

different atmosphere, while restaurants with drive thru windows may appeal to youth as 

they are often newly licensed drivers.  Therefore, two variables were included to address 

the order location of food in more detail than previously used in the literature and the 

identification of drive thru windows. 

The importance of social interaction during adolescence is well documented 

within the literature [32, 100].  Given this, it may be important to assess restaurants that 

facilitate interaction among youth.  For instance, if a restaurant has ample seating, big 

tables, open areas, or outdoor seating, youth may be particularly drawn to this type of 

restaurant as it may facilitate social interaction among peers.  While a “good for groups” 

or outdoor seating variable is not often included in the academic literature, they are both 

factors/qualities that often appear on restaurant search engines (e.g., Yelp.com, 

UrbanSpoon.com).  Further, they may be vital for identifying why youth visit particular 

restaurants.  Given this, two variables were included to evaluate if a restaurant was “good 

for groups” or had outdoor seating. 

While less research within the food environment considers food outlet 

maintenance, it may be worth considering.  For example, research from the physical 

activity domain suggests the maintenance of physical activity resources is associated with 

use [38], such that higher physical activity levels have been found in neighborhoods with 

increased street connectivity and well maintained bike lanes [154].  When translating 

these findings to the food environment, it may be that restaurants with well-maintained 

buildings and landscaping appeal to youth.  Although these variables of building and 
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landscape maintenance are highly exploratory, they should nevertheless be considered, as 

they may add to our understanding of the food environment. 

Two final variables included on the restaurant environment coding tool were 

availability of a kid’s menu and play area.  Even though these two variables are less 

likely appeal to high school aged youth, they may be important for younger youth.  

Additionally, high school aged youth may act as caretakers for younger siblings who may 

prefer restaurants with kid’s menus or play areas.   Further, when considering kid’s 

menus, recent work found that offerings on fast food menus, including kid’s menus, are 

of minimal nutrition quality when measured by the Healthy Eating Index [93].  

Therefore, even though the study population of this dissertation may be less likely to use 

kid’s menus and play areas, documenting these features may help provide unique context 

within the larger food environment. 

Each variable was represented within the template as a question or statement such 

as, “Are salads included as a side?,” “Are whole, unprocessed vegetables available?,” 

“Describe access to free fountain drink refills.,” and “Where do you order and receive 

food?”  See Table 3 (below) for full list of variables, description, and response options 

developed for the restaurant coding tool.   
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Table 3. Restaurant coding tool variables, definitions, and response options. 

Variable Question Description Responses 
Are salads able to be 
included as a side? 

A side salad is a small portion of leafy 
greens served alongside an entrée. 

Not Available 
Up charge 
Free substitution 

Are whole, 
unprocessed 
vegetables available? 

Whole, unprocessed vegetables are 
vegetables that have been fresh cut and 
prepared.  This will also include minimally 
cooked fresh vegetables such as steamed or 
roasted vegetables, but does not include 
vegetables purchased as ready-to-cook 
foods such as commercially made French 
fries. 

Not Available 
Sides 
Entrées 
Entrées and sides 

Are vegetarian or 
vegan entrées 
available? 

Vegetarian entrées are main dishes that do 
not include meat.  Vegan entrees are main 
dishes that do not include any animal 
product (e.g., meat, cheese, egg).  Some 
restaurants may specifically mark these 
items, while other restaurants may not.  

No 
Yes 

Is advertising or 
promotion of 
unprocessed, whole 
foods visible? 

Whole, unprocessed foods are foods 
including meats, grains, vegetables, and 
fruit that are available to purchase in their 
original form (e.g., whole chicken breast or 
fresh apple), or unprocessed (e.g., 100% 
ground beef hamburger).  This excludes 
foods that are purchased as ready-to-eat or 
cook foods such as commercially prepared 
and packaged French fries or chicken 
tenders.   
 
Advertising is signage designed to increase 
the purchasing of particular items (e.g., 
poster on restaurant window).   
 
Promotion is any act deliberately taken by 
the restaurant to support consumption of 
particular foods (e.g., food display of 
specials at counter). 

No 
Sides 
Entrées 
Entrées and sides 
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Table 3 Continued. 
Is advertising or 
promotion of locally 
sourced, sustainable, 
or farm-to-table 
foods visible? 

Locally sourced foods are those that are 
grown, cooked, or made near the location of 
the restaurant.   
 
Sustainable foods are those that have been 
grown or made using sustainable practices.   
 
Farm-to-table foods are foods that have 
been grown or produced near the restaurant 
location.   
 
Advertising is signage designed to increase 
the purchasing of particular items (e.g., 
poster on restaurant window).   
 
Promotion is any act deliberately taken by 
the restaurant to support consumption of 
particular foods (e.g., food display of 
specials at counter). 

No 
Yes 

Which best describes 
access to free 
fountain drink 
refills? 

Fountain drinks are the beverages that are 
dispensed through a machine, which 
includes a variety of faucets of sodas, 
drinks, or water.  Fountain drinks do not 
have to be carbonated, but must be 
dispensed through a fountain machine.  Free 
refills are when a restaurant customer only 
purchases one beverage, but has the ability 
to replenish their beverage for free. 

Fountain drinks not 
available 
Free fountain drink refills 
not available 
Free, behind counter 
Free, ready access 

Does this restaurant 
have a menu of 
single, low-cost 
items? 

A single, low-cost item menu is a menu of 
single food or beverage items that are 
typically less than $3, often as low as $1 
(e.g., McDonald’s Dollar Menu, Taco Bell’s 
Dollar Cravings Menu, Wendy’s Right Size 
Right Price Menu). 

No 
Yes 
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Table 3 Continued. 
Does this restaurant 
have meal deals with 
varying sizes? 

Meal deals are a common way restaurants 
promote a single entrée, side, and beverage 
for a single price that is often less expensive 
than purchasing each item separately.   
 
Meal deals often give the customer the 
option to change the size of the beverage or 
a food item served within the meal for 
minimal cost. 

Not Available 
No 
Drinks only 
Food and drinks 

If yes, are whole, 
unprocessed 
vegetables available? 

If meal deals are available at this restaurant, 
are vegetables included on the menu that are 
minimally processed. 

No 
Yes 

Does this restaurant 
have a drive thru? 

A drive thru is any window or ordering 
station that food is ordered and delivered to 
the customer without the customer needing 
to leave their vehicle. 

No 
Yes 

Does this restaurant 
have a kid’s menu? 

A kid’s menu is a special menu designed for 
youth.  Typically this menu is separate from 
the large menu and specifically described as 
a youth menu. 

No 
Yes 

Where do you order 
and receive food? 

Ordering food is when a customer verbally 
requests particular food items. 
 
Receiving food is when the consumer 
obtains the foods purchased. 

Table (order/receive) (TT) 
Counter order, counter 
pick-up (CC) 
Counter order, table 
receive (CT) 

Is this restaurant 
good for groups? 

“Good for groups” is a term often used to 
describe restaurants that can easily 
accommodate groups of people.  Group 
dining is often facilitated by large spaces, 
tables that accommodate many chairs, 
picnic-style tables, and restaurants that are 
willing to split food bills. 

No 
Yes 

Does this restaurant 
have outdoor 
seating? 

Outdoor seating is the availability of chairs, 
benches, and tables outside on restaurant 
property. 

No 
Yes 

Is there a play area? A play area is any type of playscape or area 
of available toys and activities at a 
restaurant. 

No 
Yes 
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Table 3 Continued. 
Is the building well 
maintained? 

A well maintained building is any restaurant 
that has a physical building that is free of 
visible damage or wear.  Damage or wear 
may include, but not limited to things such 
as cracks in walls or broken/non-
functioning lights. 

No 
Yes 

Is landscaping well 
maintained? 

Well maintained landscaping is plants, 
grass, or other vegetation that has been 
visibly taken care of, watered, and trimmed.  
Poorly maintained landscaping includes un-
mowed, overgrown weeds, or dying plants. 

No 
Yes 
N/A 

 
All variables were included on the data collection template along with basic 

descriptive information about the restaurant.  Descriptive information was imported from 

the original Outdoor MEDIA data set and included school ID, photo ID, restaurant name, 

description, notes, and a photo of the restaurant.  The template was formatted for direct 

data collection on an iPhone®/iPod Touch®, as well as a desktop view of the data.  This 

allowed data to be collected in a streamlined fashion while in the field, but was able to be 

reviewed in a layout more appropriate for a desktop computer after data collection was 

completed.  See Figure 2 for detailed view of both layout types. 
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Figure 2.  Desktop and iPhone®/iPod Touch® layout view of restaurant data collection tool. 

 
Desktop Layout 
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Figure 2 Continued. 
iPhone/iPod Layout 
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Reliability 

Three of the 13 schools were selected to test the inter-rater reliability of the 

restaurant coding tool.  To be selected, a school had to have at least 5 restaurants 

previously documented by the Outdoor MEDIA study.  Of schools that had at least 5 

restaurants, three school were randomly selected.  Selected schools had 9, 8, and 7 

restaurants located within a half mile of the school.  Upon review of the restaurant coding 

tool and discussion with each coder, it was determined that the code “landscape 

maintenance” was interpreted differently by each coder.  Additionally, it is possible that 

the perception of “well maintained landscaping” may differ according to SES or cultural 

group.  Further, it is likely that landscape maintenance and building maintenance measure 

similar components of the food environment, such as quality or maintenance of the 

overall property.  Therefore, landscape maintenance was not included in reliability 

analysis testing.  This resulted in 16 variables included in the reliability analysis. 

School 1 had a total sample of 9 restaurants.  A nutrition undergraduate student 

and a RD with master’s degree completed data collection.  One restaurant had closed, 

leaving a final sample of 8 restaurants.  Inter-rater reliability ranged from 87.5 to 100 

percent agreement, with a mean 92.2 percent agreement.   Restaurants within the sample 

for school 1 included Denny’s, Luby’s, New Mandarin Chinese, Tarbouch Lebanese 

Grill, Subway, Curra’s Grill, Taco Bell, and McDonald’s. 

School 2 had a total sample of 8 restaurants.  A nutrition graduate student and a 

RD with master’s degree completed data collection.  All restaurants were open and 

available for data collection.  Inter-rater reliability ranged from 81.3 to 100 percent 



 86 

agreement and had a mean of 89.3 percent agreement.   Restaurants included within this 

sample for school 2 included Elaine’s Pork and Pie, El Chilito, Sam’s BBQ, Bayseas 

Seafood, Joe’s Place, Mi Madres, and Hoover’s Cooking. 

School 3 had a total sample of 7 restaurants.  An undergraduate student with no 

formal nutrition training and a RD with master’s degree completed data collection.  All 

restaurants were open and available for data collection.  Inter-rater reliability ranged from 

75.0 to 100 percent agreement and had a mean of 90.6 percent agreement.  Restaurants 

included within this sample for school 3 included Juiceland, Thundercloud Subs, 

Subway, Sushi Zushi, Magnolia Café, Fabi and Rosi, El Arroyo, and Tacos N Tequila.  

Reliability testing was done simultaneously to ensure that both coders saw the 

same food environments.  Overall, this resulted in a high mean inter-rate reliability of 

90.7 percent agreement.  Reliably measures across each type of coder were similar.  For 

example, the highest reliability was between the undergraduate nutrition student and the 

RD with master’s degree (92.2% agreement), while the lowest was with the nutrition 

graduate student (89.3% agreement).  No specific item had consistently lower reliability 

than other items. 

Usability 

A primary strength of this restaurant environment coding tool is the usability.  

While many other food environment coding tools are labor intensive and require 

extensive training [75, 155], this tool was reliable with a 30 minute to 1 hour training and 

only took 3 to 5 minutes to complete within each restaurant.  Additionally, this tool is 

non-intrusive as it uses common technology and requires little interaction with restaurant 
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staff.  Further, by using an electronic data collection form, data entry after data collection 

was minimized and reduced manual data entry error.  While this study did not 

specifically focus on collecting images while in the field, use of a device with a built-in 

camera such as an iPhone® or iPod Touch®, enables the data collector to embed photos 

directly into each restaurant record.  Finally, data could easily be transferred to a desktop 

computer and exported into data analysis software. 

Discussion 

 Although each restaurant food environment is unique, this study demonstrates that 

the restaurant food environment can be coded with high reliability using a simple, easy to 

use tool.  When compared to other studies, this study maintained a high reliability, yet 

only required one short training session as opposed to multiple day trainings that include 

both classroom and field work [75, 156].  While this study did have fewer measures than 

others, each measure was evidence-based and included to address specific limitations 

present within the food environment literature. 

 When considering the three coders, reliability was the highest with an individual 

who had basic nutrition training.  Although this nutrition training may have been helpful, 

reliability with the individual that has no formal nutrition training was essentially the 

same (92.2% agreement vs. 90.6% agreement).  This suggests that individuals using this 

tool likely to do not need extensive nutrition training to maintain reliable data collection 

within the food environment.  For example, local practitioners, health educators, or 

community members will be able to use this tool with high reliability to document their 
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local food environment.  Thus, utility of this tool extends food environment research by 

providing a practical and useable tool to both academia and the lay community. 

Further, data collectors were able to collect the data in a minimal amount of time 

spent within each restaurant.  Minimizing the time in the field is essential, as a common 

barrier to collecting primary data is the cost of fieldwork.  Another benefit of minimizing 

time within the restaurant is that attention is not drawn to the data collector, further 

increasing the efficiency of the data collection time.   

Another key strength of the tool is the adaptability for future research.  Use of the 

electronic platform will allow future researchers to easily add or change variables they 

believe to be important.  Given that the food environment is constantly changing, this will 

allow the tool to stay updated with the latest information. 

Even though this study has many strengths, it created a reliable, easy to use, 

informed, and adaptable tool, it does have limitations that should be considered.  First, 

this study did not include all outlets to which youth may be exposed.  It only focused on 

outlets within one-half mile around schools, yet these are restaurants students have easy 

access to.  Second, it focused only on restaurants, excluding outlets such as grocery 

stores, convenience stores, mobile food vendors, and general merchants (e.g. General 

Dollar).  Although each of these outlet types are commonly experienced by youth, 

focusing on restaurants provided a detailed look at one of the most common types of food 

outlets youth encounter around their schools.  Additionally, this study only documented 

restaurants around a small sample of high schools.  The food environment around other 

types of schools may be different than what was documented by this study, yet this study 



 89 

documented all high schools within a single district.  Another possible limitation is that 

all restaurants coded may not be youth-oriented restaurants, even though youth have 

access to all restaurants.  Future research should consider factors or qualities of 

restaurants in order to better determine if youth would be likely to visit a particular 

restaurant.  Nevertheless, each of the restaurants documented by this study are possible 

restaurant options for youth.  Further, the novelty and strengths of this study should not 

be discounted, as they provide information and support for future research examining the 

food environment of youth. 

 After consideration of strengths and limitations, key best practices have been 

identified when using this restaurant coding tool.  First, being familiar with the data 

collection template on the mobile device is critical.  If data collectors are familiar with 

the tool prior to data collection, data is collected faster and without drawing attention to 

the data collector while in the restaurant.  This allows the data collector to work quickly 

and efficiently without disturbing other patrons or restaurant staff.  Additionally, 

reviewing the template and completing questions or items that were visible from the 

exterior of the outlet, prior to entering the restaurant decreased overall time spent.  Once 

in the restaurant, data collectors should directly approach the restaurant hostess and ask 

for a menu.  This allows the data collector to review available options and gives them 

time to look around the restaurant to identify and answer any remaining environmental 

questions on the tool.  Another suggestion for future data collection is to perform data 

collection during off peak, but not “dead” hours, when the restaurant is empty of 

customers.  This allows data collectors to not be in the way or too obvious during data 
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collection.  For example, assessments of the restaurant food environment were completed 

between 11am and 3pm on weekdays.  The assessments that were shortly before or after 

lunch when the restaurants were filling or emptying were the quickest, least distracting to 

restaurant staff, and minimized attention of the data collectors.  Finally, being polite and 

always answering questions the restaurant staff have about what you are doing eases any 

tension they may have about data collectors being present. 

 In addition to best practices, there are three changes to the tool and protocol that 

resulted after data collection and reliably analyses.  First, landscape maintenance variable 

was dropped, as it was viewed differently by coders.  Further, building maintenance 

likely measures similar qualitative factors.  Second, the item documenting availability 

and options of meal deals was improved.  Specifically, coders did not see the practical 

difference between response options of “Not available” and “No” to the question, “Are 

meal deals with varying sizes available?”  To clarify this question, response options of 

“Not available” and “No” were collapsed into a single response.  Future research may 

consider asking only if meal deals are available (yes or no), and then if customers are 

able to select different sizes to clarify response options.  Finally, reliability may be 

further improved with practice of select restaurants to ensure coders knew what to look 

for, were familiar with the tool, and comfortable in the field.  

Summary 

This study created an informed, reliable data collection tool used to collect 

primary data within the restaurant food environment of high schools.  Results of this 

study can be used in future research examining the food environment to ensure that codes 
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and classification schemes are informed, reliable, and represent the restaurants youth may 

experience on a daily basis.  Finally, this study coded restaurants found within the food 

environment of high school students and used evidence-based codes. 
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4.2 STUDY 2:  ASSOCIATIONS OF SCHOOL LEVEL WEIGHT STATUS WITH THE 

RESTAURANT FOOD ENVIRONMENT  

Currently, 17% of our nation’s youth are obese [1].  This high rate of childhood 

obesity is concerning, as it has been associated with numerous problematic health 

outcomes during adolescence [3, 4] and adulthood [7].  Various research efforts have 

been aimed at childhood obesity and how to prevent further increases.  The food 

environment has become a key area of obesity-related research because all individuals, 

both youth and adults, experience the food environment daily. 

Food environment research focused on youth has primarily examined associations 

of the food environment and youth weight status [9, 13, 16, 40, 111, 112, 150].  

Specifically, research often considers associations between food outlet availability around 

youth’s home, school, or neighborhood, and body mass index (BMI).  Although BMI is a 

common outcome, findings appear to be mixed.  For example, some studies suggest there 

is an inverse association between food outlet availability around youth’s school and BMI 

[9, 40], while others find positive [16] or no associations [13, 111, 112].  Although 

findings are mixed, it is evident that continued exploration of food outlets located around 

schools will provide a clearer picture of the association between the food environment 

and youth BMI. 

Identifying areas within the field that can be strengthened will further develop 

food environment research.  Current field limitations include problematic and 

oversimplified outlet categorization, limited attention given to the idea that some outlets 
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are less likely visited by youth, and heavy reliance on secondary data.  Each of these 

limitations may contribute to mixed findings regarding associations with youth BMI. 

Problematic outlet categorization is manifested in poor food outlet definition and 

oversimplification of outlet categorization.  Without clear definitions or classification 

methods, studies are not likely to produce similar results, even if similar findings exist.  

For example, some studies rely solely on industry sources [9, 13, 16, 40], while others 

use public data sources and associated classification [111] to define food outlets.  

Although each source has strengths, use of data sources that contain slight variations will 

likely result in authors classifying the same outlet differently across studies. 

Another factor that may need to be reconsidered within food environment 

research is the categorization of a healthy vs. unhealthy food outlet.  Currently, 

dichotomizing food outlets according to their healthfulness is common within the 

literature, yet studies often perform this classification differently.  Some authors consider 

all fast food restaurants unhealthy and all grocery stores healthy [40], whereas others also 

include grocery stores as unhealthy due to the prevalence of ultra-processed foods and 

sugar sweetened beverages available [111].  Using this type of classification may be 

inappropriate, as both types of food outlets, fast food restaurants and grocery stores, often 

sell a mix of both healthy and less healthy food.  For example, fresh fruits and vegetables 

as well as processed foods are available on many fast food restaurant menus and within 

grocery stores.  Given that authors within the food environment field differ in their 

definition of healthy and unhealthy outlets and that traditionally healthy (e.g., grocery 

stores) and unhealthy (e.g., fast food restaurants) restaurants both offer fresh and 
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processed foods, a more nuanced approach to examining food outlets is warranted to 

better understand the relationship between outlet healthfulness and BMI. 

Another possible oversimplification within the literature occurs when outlets are 

categorized by order location.  Currently, food environment research often categorizes 

outlets based on where you order food [153], yet this may be inappropriate as foods 

available and food quality of a restaurant likely varies.  For example, if fast food 

restaurants are defined as restaurants where food is ordered as the counter [153], 

restaurants such as McDonald’s and Panera Bread would be coded similarly, yet each 

outlet offers different types and quality of foods.  By documenting details beyond order 

location, additional information on restaurants visited by youth can be obtained to help 

distinguish between restaurant types.  Specifically, it may be that adding another layer of 

detail, such as where food is received, to order location would more appropriately 

distinguish restaurants between full service/sit down restaurants, quick service/fast 

causal, and fast food. 

Food environment research has also often omitted the idea that many food outlets 

are not likely to be frequented by youth.  Although it is possible for youth to visit and 

purchase food at an upscale restaurant or bar near their school, it is more likely they 

would choose to purchase food at a causal dining, café, coffee shop, or fast food 

restaurant for reasons such as price or the availability of youth-oriented features.  

Although youth-oriented features of restaurants have rarely been examined within the 

food environment literature, advertising research tell us that food and beverage 

advertisements are often targeted toward youth through use of youth-oriented features 
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such as showing fun, being hip or cool, and feeling happy [82, 157, 158].  Given that 

research suggests food and beverage advertisements are often youth-oriented, 

consideration of youth-oriented features and qualities of restaurants may provide the food 

environment field with a more tailored approach to examining associations of food 

outlets and youth BMI.  

Finally, the heavy use of secondary data within food environment research is 

problematic.  Although use of secondary data has benefits such that it requires minimal 

data collection time and is often publicly available [45, 46], it has been shown to 

misrepresent the true food environment [125].  Specifically, secondary data sources often 

under represent food outlets overall [45, 128] and are particularly poor when considering 

unique food environments such as those in minority or rural areas [26].  Even though 

primary data collection is often cost prohibitive, it is suggested as the more appropriate 

measure of the food environment, as it will present a more accurate picture of the food 

environment. 

Based on current field limitations, this study aimed to describe the restaurant food 

environment of youth and to create a way to examine the restaurant healthfulness and 

youth-oriented features of a restaurant and their association with weight status of youth 

while using expert informed codes and primary data.  To do this, primary data collected 

from restaurants located within a half-mile of high schools was used to create two 

indices, which measured restaurant healthfulness and youth-oriented features of a 

restaurant.  The purpose of the present study was three-fold: 1) describe the prevalence of 

restaurants and restaurant features located within a half-mile of high schools, 2) 
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determine associations between restaurant healthfulness and school-level BMI, and 3) 

determine associations between youth-oriented features of restaurants and school-level 

BMI. 

Methods 

Categorizing Restaurants 

Restaurant data used for this study was generated by a study that collected 

primary data on restaurants located within a one-half mile of all high schools within a 

single district [135, 136].  This included primary data collection on the 58 restaurants 

located within a one-half mile of 9 high schools.  Data were collected using a reliable, 

custom electronic tool created specifically the study.  Inter-rater reliability testing of the 

tool found it was highly reliable with a 90.7% percent agreement between coders.  

Restaurant features included on the coding tool were created based on responses to a 

survey, which asked Registered Dietitians to list the most important factors and qualities 

in determining the healthfulness of a restaurant.  Additional codes were developed based 

on current findings within the literature.  Data collection and coding of restaurant features 

was completed during June 2015.   

Healthfulness Index.  To examine the overall healthfulness of a restaurant, a 

healthfulness index was created.  Each variable included within the index was coded to 

reflect a higher score for a healthier restaurant feature.  Variables included availability of 

side salads, vegetarian/vegan entrees, promotion of unprocessed vegetables, promotion of 

whole foods, promotion of local/sustainable/farm-to-table foods, accessibility of free 
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fountain drink refills, availability of meal deals, meal deals with vegetables, low cost 

menus, and presence of a drive thru. 

Side salad.  A side salad is a small portion of leafy greens served alongside an 

entrée.  Side salad availability was coded 0 for “Not available,” 1 for “Up charge,” and 2 

for “Free substitution.” 

Vegetarian and vegan entrees.  Vegetarian entrees are main dishes that do not 

include meat.  Vegan entrees are main dishes that do not include any animal product 

(e.g., meat, cheese, egg).  Availability of vegetarian and vegan entrées were coded 0 for 

“No” and 1 for “Yes.” 

Advertising or promotion of unprocessed, whole vegetables.  Whole, 

unprocessed vegetables are vegetables that have been fresh cut and prepared.  This 

includes minimally cooked fresh vegetables such as steamed or roasted vegetables, but 

does not include vegetables purchased such as ready-to-cook foods such as commercially 

made French fries.  Advertising is signage designed to increase the purchasing of 

particular items (e.g., poster on restaurant window) and promotion is any act deliberately 

taken by the restaurant to support consumption of particular foods (e.g., food display of 

specials at counter).   Advertising or promotion of unprocessed, whole vegetables was 

coded 0 for “Not available,” 1 for “Sides,” 2 for “Entrees,” and 3 for “Entrees and Sides.” 

Advertising or promotion of whole unprocessed foods.  Whole, unprocessed 

foods are foods including meats, grains, vegetables, and fruit that are available to 

purchase in their original form (e.g., whole chicken breast or fresh apple) or minimally 

processed.  This excludes foods that are purchased as ready-to-eat or cook foods such as 



 98 

commercially prepared and packaged French fries or chicken tenders.  Advertising is 

signage designed to increase the purchasing of particular items (e.g., poster on restaurant 

window) and promotion is any act deliberately taken by the restaurant to support 

consumption of particular foods (e.g., food display of specials at counter).   Responses for 

availability of advertising or promotion for unprocessed, whole foods was coded 0 for 

“Not available,” 1 for “Sides,” 2 for “Entrees,” and 3 for “Entrees and Sides.” 

Advertising or promotion of local/sustainable/farm-to-table foods.  Locally 

sourced foods are those that are grown, cooked, or made near the location of the 

restaurant.  Sustainable foods are those that have been grown or made using sustainable 

practices.  Farm-to-table foods are foods that have been grown or produced near the 

restaurant location.  Advertising or promotion of local/sustainable/farm-to-table foods 

was coded 0 for “No” and 1 for “Yes.” 

Free fountain drink refills.  Fountain drinks are the beverages that are dispensed 

through a machine that includes a variety of faucets for sodas, drinks, or water.  Fountain 

drinks do not have to be carbonated, but must be dispensed through a fountain machine.  

A fountain drink with free refills is defined as purchasing only one beverage with the 

ability to replenish their beverage for free.  Access to free fountain drink refills was 

coded 3 for “Fountain drinks not available,” 2 for “Fountain drink refills not available,” 1 

for “Free, behind the counter,” and 0 for “Free, ready access.” 

Meal deals.  Meal deals are a common way restaurants promote a single entrée, 

side, and beverage for a single price that is often less expensive than purchasing each 

item separately.  Restaurants often give the customer the option to change the size of the 
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beverage or a food item served within the meal for minimal cost.  Availability of meal 

deals was coded 3 for “Not available,” 2 for “No,” 1 for “Drinks only,” and 0 for “Food 

and drinks.” 

Meal deals with vegetables.  If meal deals were available, each meal deal was 

examined for presence of unprocessed vegetables.  Availability of vegetables within a 

meal deal was coded 0 for “No” and 1 for “Yes.” 

Single item, low-cost menu.  A single, low-cost item menu is a menu of single 

food or beverage items that are typically less than $3, often as low as $1 (e.g., 

McDonald’s Dollar Menu, Taco Bell’s Dollar Cravings Menu, Wendy’s Right Size Right 

Price Menu).  Availability of a single item, low-cost menu was coded 1 for “No” and 0 

for “Yes.” 

Drive thru.  A drive thru is any window or ordering station that food is ordered 

and delivered to the customer without the customer needing to leave their vehicle.  

Availability of a drive thru window was coded 1 for “No” and 0 for “Yes.” 

A single index score was created for each restaurant.  A higher index score 

suggests the restaurant has more features supportive of healthy weight status.  See Table 

4 below for coding of each variable included in the healthfulness index. 

Youth-Oriented Index.  To identify restaurants that may be more likely to be 

visited by youth, a youth-oriented index was created.  This was done by selecting 

variables that represent youth-oriented features through a discussion with childhood 

obesity experts.  Items included were the availability of free fountain drink refills, meal 

deals, a low-cost menu, drive thru window, outdoor seating, as well as order location and 
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if the restaurant is food for groups.  Each of these variables was selected though a 

literature review and discussion with key informants. 

Free fountain drink refills.  Free fountain drink refills were coded 0 for 

“Fountain drinks not available,” 1 for “Free fountain drink refills not available,” 2 for 

“Free, behind the counter,” and 3 for “Free, ready access.”  See above variable for 

definition of free fountain drink refills. 

Meal deals.  Availability of meal deals with varying sizes was coded 0 for “Not 

available,” 1 for “No,” 2 for  “Drinks only,” and 3 for “Food and drinks.”  See above 

variable for definition of meal deals. 

Low-cost menu.  Availability of a single item, low-cost menu was coded 0 for 

“No,” and 1 for “Yes.”  See above variable for definition of low-cost menu. 

Drive thru window.  Availability of a drive thru window was coded 0 for “No” 

and 1 for “Yes.”  See above variable for definition of drive thru window. 

Outdoor seating.  Outdoor seating is the availability of chairs, benches, and 

tables outside on restaurant property. Responses for availability of outdoor seating were 

coded 0 for “No” and 1 for “Yes.” 

Order location.  Ordering food is when a customer verbally requests particular 

food items.  Receiving food is when the consumer obtains the foods purchased.  Order 

location was coded 0 for “Table (order and receive),” 1 for “Counter order, table 

receive,” and 2 for “Counter order, counter pick up.” 

Good for groups.  “Good for groups” is a term often used to describe restaurants 

that can easily accommodate groups of people that want to eat together.  Group dining is 
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often facilitated by large spaces, tables that accommodate many chairs, picnic-style 

tables, and restaurants that are willing to split food bills.  Responses were coded 0 for 

“No” and 1 for “Yes.” 

An index variable was created which summed responses for each of these 

questions.  This resulted in a single score for each restaurant.  A higher index score 

suggests a youth oriented restaurant.  See Table 4 below for coding of each variable 

included in the youth-oriented index. 

Table 4.  Coding of restaurant features and qualities for the Healthfulness Index and Youth-
Oriented Index. 

Variable Description Healthfulness 
Scale Values (19 max) 

Youth–Oriented Scale 
Values (12 max) 

Are salads able to be included as a 
side? 

0=Not Available 
1=Up charge 
2=Free substitution 

 

Are whole, unprocessed vegetables 
available? 

0=Not Available 
1=Sides 
2=Entrees 
3=Entrees and sides 

 

Are vegetarian or vegan entrees 
available? 

0=No 
1=Yes  

  

Is advertising or promotion of 
unprocessed, whole foods visible? 

0=No 
1=Sides 
2=Entrees 
3=Entrees and sides 

 

Is advertising or promotion of locally 
sourced, sustainable, or farm-to-table 
foods visible? 

0=No 
1=Yes 

 

Which best describes access to free 
fountain drink refills? 

3=Fountain drinks not 
available 
2=Refills not available 
1=Free, behind counter 
0= Free, ready access 

0=Fountain drinks not 
available 
1=Refills not available 
2=Free, behind counter 
3= Free, ready access 

Does this restaurant have a menu of 
single, low-cost items? 

1=No 
0=Yes 

0=No 
1=Yes 
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Table 4 Continued. 
Does this restaurant have meals with 
varying sizes? 

3=Not Available 
2=No 
1=Drinks only 
0=Food and drinks 

0=Not Available 
1=No 
2=Drinks only 
3=Food and drinks 

If yes, are whole, unprocessed 
vegetables available? 

0=No 
1=Yes 

 

Does this restaurant have a drive thru? 1=No 
0=Yes 

0=No 
1=Yes 

Where do you order and receive food?  0=Table (order and 
receive) 
1=Counter order, table 
receive  
2=Counter order, 
counter pick-up 

Is this restaurant good for groups?  0=No 
1=Yes 

Does this restaurant have outdoor 
seating? 

 0=No 
1=Yes 

 
School Level BMI 

School level BMI was collected through FITNESSGRAM, data that is publically 

available and maintained by the Texas Education Agency [159].  FITNESSGRAM data 

for the most recent school year (2013-2014) was presented as sample of students at each 

participating school.  In addition to a variety of fitness-oriented variables, trained data 

collectors objectively measured student’s height and weight.  Using heights and weights 

of students, the percent of students who are overweight and obese using CDC percentiles 

[50] was reported within the dataset.  For the purpose of this study, percent of overweight 

and obese students were combined to create a single variable, which represented 

percentage of students who were either overweight or obese.  This variable was used as a 

continuous outcome. 
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Race/Ethnicity and Economic Disadvantage 

Variables of race/ethnicity and economic disadvantage were collected at the 

school-level from the 2013-2014 Texas Education Agency School Report Cards [160].  

Reports are generated annually for each school in Texas and include information such as 

race/ethnicity and percent of students who are economically disadvantaged.  Economic 

disadvantage was presented as a percent of total students at each school who were 

eligible for free or reduced school lunch or eligible for other public assistance [160].  

This variable was included as a continuous covariate in the regression analyses. 

Analyses 

Restaurant Focused Analyses 

Frequencies and descriptive analyses were run to identify the prevalence of each 

restaurant features documented in the 58 restaurants found around high schools in this 

sample.  The Wilcoxon rank sum test was used to determine if there was a difference in 

rank order of the restaurants by the healthfulness and youth-oriented index measures.  

Due to overlapping variables within index measures, repeated items were removed from 

the healthfulness index when testing rank order to prevent inflation of the relationship.  

Analysis of Variance (ANOVA) was conducted to examine differences in healthfulness 

index and youth-oriented index scores by order location (table service, counter 

order/table receive, and counter order/counter receive).  Post-Hoc tests using Bonferroni 

adjusted alpha levels of 0.016 (0.05/3) were used to examine group differences.  

Pearson’s bi-variate and point biserial correlations were used to examine associations of 

school-level BMI with each item on the restaurant food environment tool, as well as each 
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overall index (healthfulness and youth-oriented), while controlling for the nesting of 

restaurants with each school. 

School Focused Analyses 

To examine the associations between the healthfulness and youth-oriented index 

with school-level BMI, index measures for each restaurant around a single school were 

summed.  Summed index scores were used to calculate the total healthful and youth-

oriented features of restaurants around a single school.  Each summed index was then 

entered into unadjusted linear regression models with the dependent variable of school-

level BMI.  Additional adjusted linear regression models were run to test differences in 

relationships while controlling for percent of economically disadvantaged students, as 

previous research suggests measures of the food environment differ according to SES 

[147, 161, 162].  Although research suggests the food environment differs according to 

race/ethnicity [147, 163], race/ethnicity was not included in regression models due to 

multicollinearity; it was highly correlated with percent economically disadvantaged 

(r=0.92).  All analyses were conducted using SPSS [164]. 

Results 

Overall, 58 restaurants around 9 high schools were documented and coded.   The 

mean number of restaurants located within one-half mile was 4.5 (median=5) with a 

range of 0 to 10 restaurants.  Within sample high schools, mean prevalence of obesity 

was 39.0%, economic disadvantage was 60.4%, and, on average, approximately 57.7% of 

the students were Hispanic in each school (Table 5).  
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Table 5. Mean Prevalence of Obesity, Economic Disadvantage, Percentage of Hispanic 
Students, and Number of Restaurants Located within a Half-Mile of High 
Schools (n=9). 

Variable Mean Range 
Overweight/Obese % 39.0 22.5 – 51.6 
Economic Disadvantage % 60.4 26.6 – 88.5 
Hispanic % 57.7 30.7 – 84.2 
Restaurants (n=58) 4.5 0 – 10 

 
Restaurant-Focused Analyses 

Among the 58 restaurants documented, only 8.6% did not have unprocessed 

vegetables, yet 63.8% did not have a side salad available (See Table 6).  Vegetarian or 

vegan entrées were available in 84.5% of restaurants.  The majority of restaurants did not 

advertise whole foods (60.3%) or local/sustainable/farm-to-table foods (93.1%).  Free 

fountain drink refills were common (39.7% behind the counter, 31.0% ready access), 

although 19.0% of restaurants did not offer any fountain drinks.  Few restaurants offered 

low-cost menus (8.6%), meal deals with varying sizes (31.1%), meal deals with 

vegetables (13.8%), or drive thru windows (17.2%).  Restaurants were generally good for 

groups (70.7%) and were in well-maintained buildings (74.1%), but did not have outdoor 

seating (70.7%).  

Index measures were calculated based on identified restaurant factors and 

qualities.  For the healthfulness index, a higher score for a restaurant represented a 

restaurant more supportive of healthy choices.  The mean healthfulness index score was 

8.9 with a range of 2 to 14 and maximum of 19 (see Table 6).  For the youth-oriented 

index, a higher score represented a restaurant that had more factors or qualities that 
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appeal to youth.  The mean youth-oriented index score was 5.5 with an observed range of 

0 to 11 and maximum of 12.   

Table 6. Prevalence of restaurant factors and qualities (n=58 restaurants). 

Variable N Percent 
Side Salad 
     Not Available 
     Up Charge 
     Free Substitution 

 
37 
15 
6 

 
63.8 
25.9 
10.3 

Unprocessed Vegetables 
     Not Available 
     Sides 
     Entrees 
     Entrees and Sides 

 
5 
11 
16 
26 

 
8.6 
19.0 
27.6 
44.8 

Vegetarian and Vegan Entrees 
     No 
     Yes 

 
9 
49 

 
15.5 
84.5 

Whole Foods Advertising 
     No 
     Sides 
     Entrees 
     Entrees and Sides 

 
35 
7 
11 
5 

 
60.3 
12.1 
19.0 
8.6 

Local/Sustainable/Farm-to-Table Advertising 
     No 
     Yes 

 
54 
4 

 
93.1 
6.9 

Free Fountain Drink Refills 
     Fountain Drinks Not Available 
     Free Fountain Drink Refills Not Available 
     Free, Behind the Counter 
     Free, Ready Access 

 
11 
6 
23 
18 

 
19.0 
10.3 
39.7 
31.0 

Single Item/Low-Cost Menu 
     No 
     Yes 

 
53 
5 

 
91.4 
8.6 

Meal Deal with Varying Sizes 
     Not Available/No 
     Drinks Only 
     Food and Drinks 

 
10/30 
4 
14 

 
17.2/51.7 
6.9 
24.1 

Meal Deal Veggies 
     No 
     Yes 

 
50 
8 

 
86.2 
13.8 
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Table 6 Continued. 
Drive Thru 
     No 
     Yes 

 
48 
10 

 
82.8 
17.2 

Order Location 
     Table (TT) 
     Counter Order, Table Receive (CT) 
     Counter Order, Counter Receive (CC) 

 
25 
8 
25 

 
43.1 
13.8 
43.1 

Good for Groups 
     No 
     Yes 

 
17 
41 

 
29.3 
70.7 

Outdoor Seating 
     No 
     Yes 

 
41 
17 

 
70.7 
29.3 

Well Maintained Building 
     No 
     Yes 

 
15 
43 

 
25.9 
74.1 

Well Maintained Landscaping 
     No 
     Yes 
     N/A 

 
19 
18 
21 

 
32.8 
31.0 
36.2 

Index Measures 
     Healthfulness Index (mean/range) 
     Youth-Oriented (mean/range) 

 
8.90 
5.46 

 
2 – 14 (19 max) 
0 – 12 (12 max) 

 
The Wilcoxon rank sum test found a significant difference in the rank order of 

healthfulness and youth-oriented index scores for restaurants (Z=-2.28, p=0.02).   This 

suggests restaurants that ranked higher on the healthfulness index were different than 

those that ranked higher on the youth-oriented index.  High-ranking restaurants on the 

healthfulness index include restaurants such as Delaware Sub Shop, Denny’s, Luby’s, 

and Subway as well as pizza restaurants such as Dominos, Pizza Hut, and Conan’s Pizza.  

High-ranking restaurants on the youth-oriented index include Taco Cabana, Jack in the 

Box, McDonald’s, Dairy Queen, and Subway. 
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Using analysis of variance to examine group differences, results found that there 

were significant differences for the healthfulness index (p<0.01) and the youth-oriented 

index (p<0.01) by order location (see Table 7).  Post-Hoc analyses show that for the 

healthfulness index, table service restaurants scored significantly higher on the 

healthfulness index than restaurants where food is ordered and received at the counter 

(i.e. traditional fast food restaurants).  Restaurants where food is ordered at the counter 

and received at the table (i.e. fast casual restaurants) scored significantly higher on the 

healthfulness index than restaurants where food is ordered and received at the counter.  

Table service restaurants and restaurants where food is ordered at the counter and 

received at the table both scored significantly lower on the youth-oriented index than 

restaurants where food is ordered and received at the counter.  This indicates table service 

and “fast casual” (counter order, table receive) restaurants, had more healthful and fewer 

youth-oriented features when compared to restaurants typically considered fast food 

restaurants.  

Table 7. ANOVA Differences between Healthfulness Index and Youth-Oriented Index 
According to Restaurant Order Location (n=58). 

Variable Fa p-value Post-Hoc (Bonferroni Adjusted Alpha) 
Healthfulness Index 6.44 <0.01 TT > CC* 

CT > CC* 
Youth-Oriented Index 15.61 <0.01 TT < CC** 

CT < CC** 
aDf= 2, 57 
*p≤0.016 
**p≤0.005 
TT = Table order, Table receive 
CT = Counter order, Table receive 
CC = Counter order, Counter receive 
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When controlling for school, Pearson’s partial correlations found significant 

positive associations with school-level BMI and increased availability of drive thru 

windows (0.27, p=0.04), increased accessibility of free fountain drink refills  (p<0.01), if 

the restaurant is good for groups (0.29, p=0.03), well maintained landscaping (0.36, 

p<0.01) and presence of whole foods advertising and promotions (0.29, p=0.03), and 

negative associations with availability of outdoor seating (-0.27, p=0.04) (Table 8). 
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Table 8. Correlation Matrix of BMI with Restaurant Food Environment Measures (n=58). 

 BMI Build. 
Main. 

Drive 
Thru 

Food 
Source 

Free 
Fountain 

Good 
Group 

Land. 
Main. 

Low 
Cost 

Meal 
Deal 

Meal 
DealV 

Order 
Locat. 

Out. 
Seat. 

Side 
Salad 

Veg. Veg/ 
Vegan 

Whole 
Food 

BMI 
     Correlation 
     p-value 

 
1 

               

Build Maint. 
     Correlation 
     p-value 

 
-0.06 
0.67 

 
1 

              

Drive Thru 
     Correlation 
     p-value 

 
0.27 
0.04 

 
0.06 
0.65 

 
1 

             

Food Source 
     Correlation 
     p-value 

 
-0.07 
0.60 

 
0.16 
0.23 

 
-0.11 
0.43 

 
1 

            

Free Fountain 
    Correlation 
     p-value 

 
0.34 
0.01 

 
0.16 
0.23 

 
0.44 

<0.01 

 
0.10 
0.45 

 
1 

    
 

       

Good Groups 
    Correlation 
     p-value 

 
0.29 
0.03 

 
0.33 
0.01 

 
0.17 
0.21 

 
<0.01 
0.99 

 
0.46 

<0.01 

 
1 

          

Land. Maint. 
     Correlation 
     p-value 

 
0.36 

<0.01 

 
-0.13 
0.34 

 
0.07 
0.60 

 
0.07 
0.62 

 
0.15 
0.27 

 
0.14 
0.29 

 
1 

         

Low Cost 
     Correlation 
     p-value 

 
0.21 
0.12 

 
0.19 
0.17 

 
0.65 

<0.01 

 
-0.06 
0.65 

 
0.25 
0.06 

 
0.15 
0.28 

 
0.06 
0.65 

 
1 

        

Meal Deal 
     Correlation 
     p-value 

 
0.22 
0.10 

 
0.07 
0.63 

 
0.62 

<0.01 

 
-0.09 
0.51 

 
0.51 

<0.01 

 
0.05 
0.70 

 
-0.12 
0.36 

 
0.35 

<0.01 

 
1 
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Table 8 Continued. 
Meal Deal V. 
     Correlation 
     p-value 

 
0.18 
0.82 

 
<0.01 
0.95 

 
0.12 
0.37 

 
0.08 
0.58 

 
0.29 
0.03 

 
0.10 
0.42 

 
-0.11 
0.40 

 
-0.09 
0.52 

 
0.51 

<0.01 

 
1 

 
 

     

Order Locat. 
     Correlation 
     p-value 

 
0.03 
0.82 

 
-0.02 
0.87 

 
0.28 
0.03 

 
0.01 
0.94 

 
-0.07 
0.58 

 
-0.19 
0.15 

 
0.05 
0.71 

 
0.15 
0.25 

 
0.29 
0.03 

 
0.23 
0.08 

 
1 

  
 

   

Outdoor Seat. 
     Correlation 
     p-value 

 
-0.27 
0.04* 

 
0.21 
0.12 

 
-0.06 
0.66 

 
-0.04 
0.76 

 
-0.20 
0.15 

 
0.04 
0.78 

 
-0.36 
<0.01 

 
-0.02 
0.86 

 
-0.07 
0.69 

 
-0.06 
0.64 

 
-0.12 
0.35 

 
1 

    

Side Salad 
    Correlation 
     p-value 

 
0.21 
0.12 

 
0.06 
0.67 

 
-0.01 
0.93 

 
0.20 
0.13 

 
0.20 
0.14 

 
0.36 

<0.01 

 
0.21 
0.12 

 
0.01 
0.95 

 
-0.17 
0.22 

 
-0.08 
0.56 

 
0.10 
0.47 

 
-0.19 
0.15 

 
1 

   

Vegetables 
    Correlation 
     p-value 

 
0.12 
0.37 

 
0.38 

<0.01 

 
-0.28 
0.03 

 
0.17 
0.21 

 
0.23 
0.08 

 
0.45 

<0.01 

 
0.02 
0.89 

 
-0.24 
0.08 

 
-0.11 
0.40 

 
0.04 
0.79 

 
-0.26 
0.05 

 
0.07 
0.62 

 
0.15 
0.28 

 
1 

  

Veg/Vegan 
    Correlation 
     p-value 

 
<0.01 

1 

 
0.18 
0.17 

 
-0.56 
<0.01 

 
0.11 
0.42 

 
-0.12 
0.37 

 
0.12 
0.37 

 
0.01 
0.92 

 
-0.37 
<0.01 

 
-0.34 
<0.01 

 
0.02 
0.89 

 
-0.12 
0.37 

 
0.16 
0.24 

 
0.07 
0.60 

 
0.27 
0.05 

 
1 

 
 

Whole Foods 
    Correlation 
     p-value 

 
0.29 
0.03 

 
0.02 
0.91 

 
0.27 
0.04 

 
-0.01 
0.92 

 
0.31 
0.02 

 
0.04 
0.79 

 
-0.01 
0.94 

 
0.04 
0.74 

 
0.53 

<0.01 

 
0.57 

<0.01 

 
0.30 
0.02 

 
-0.24 
0.07 

 
-0.08 
0.55 

 
-0.04 
0.77 

 
-0.21 
0.13 

 
1 

aControlling for school.
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School-Focused Analyses 

There was no association between the percent of overweight/obese youth and the 

healthfulness index in the unadjusted or adjusted regression models (see Table 9).  

Economic disadvantage was significantly associated with the percent of 

overweight/obese youth.   

Table 9. Associations between Healthfulness Index and School-Level 
Overweight/Obese (n=9). 

Variable B SD p-value 
Model 1 
     Healthfulness Index 

 
-0.04 

 
0.14 

 
0.80 

Model 2a 
     Healthfulness Index 
     Economic Disadvantage 

 
-0.02 
0.28 

 
0.08 
0.07 

 
0.77 
<0.01 

aAdjusted for percent of students economically disadvantaged. 
 
Similarly, there was no association between the youth-oriented index and school-

level BMI (see Table 10) in unadjusted or adjusted models. The percent of economically 

disadvantaged youth was significantly associated with the percent of overweight/obese 

youth.   

Table 10. Associations between Youth-Oriented Index and School-Level 
Overweight/Obese (n=9). 

Variable B SD p-value 
Model 1 
     Youth-Oriented Index 

 
0.21 

 
0.20 

 
0.32 

Model 2a 
     Youth-Oriented Index 
     Economic Disadvantage 

 
0.04 
0.28 

 
0.13 
0.07 

 
0.77 
0.01 

aAdjusted for percent of students economically disadvantaged. 
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Discussion 

In general, restaurants located near high schools appear to have healthy options 

such as salads and unprocessed vegetables, yet they also have less healthy options such as 

easy access to free fountain drink refills.  These findings are similar to previous research, 

which has found that restaurant menus have improved to include healthier choices (e.g., 

unprocessed vegetables); yet still offer many unhealthy food options [93].  Restaurants do 

not appear to emphasize options such as the availability of locally sourced/sustainable 

foods or the availability of unprocessed foods through promotions outside or within the 

restaurant.  This result is not unexpected, as food and beverage advertisements within and 

on restaurants are often for less healthy foods and beverages [30].  Restaurants around 

high schools also appear to be generally good for groups of youth, although few have 

outdoor seating.  This may be an important consideration for youth, as having a place to 

go near school that can accommodate groups of youth may be particularly appealing, 

regardless of type of food sold. 

Overall, restaurants around high schools scored relatively low on both the 

healthfulness and youth-oriented indices.  For example, the mean healthfulness index 

score was 8.90 (observed range of 2 to 14, max=19).  This suggests restaurants likely do 

not present youth with an environment particularly supportive of healthy eating.  The 

most common healthful features of restaurants were the availability of unprocessed 

vegetables in a side, entrée, or side and entrée (91.4%) and vegetarian/vegan entrees 

(72.1%).  The mean score on the youth-oriented index was 5.46 (range of 0 to 11, 

max=12), suggesting that restaurants documented may not be particularly youth-oriented.  
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The most common youth-oriented restaurant features were availability of free fountain 

drink refills behind the counter (39.7%) or with ready access (31.0%) and were good for 

groups (70.7%).  

Although scores on index measures were relatively low, further research focused 

on healthfulness and youth-oriented features is warranted as each index appears to 

measure different features of the restaurant food environment.  Specifically, restaurants 

that ranked higher on the healthfulness index were different than those, which ranked 

higher on the youth-oriented index.  For example, full service and pizza restaurants 

ranked highest on the healthfulness index, while traditional fast food (excluding pizza) 

ranked higher on the youth-oriented index.  This is not unexpected as fast food 

restaurants are frequented by youth [25] and often serve low-cost, unprocessed foods that 

youth perceive as a good value [22].  Although pizza restaurants are often considered fast 

food [40], this study suggests they present more healthful features to youth.  This may be 

that pizza restaurants often have fresh vegetables available in the form of salads and on 

pizzas, while they often do not have drive thru windows or low-cost menus.  

Nevertheless, results suggest restaurants that rank higher on the healthfulness index are 

not the same restaurants as those that rank higher on the youth-oriented index. 

There also appears to be variability in order location.  Overall, 43.1% of 

restaurants were traditional “table service” restaurants (n=25), where a customer is seated 

and orders/receives food at their table.  Another 43.1% of restaurants were “counter 

order, counter receive” restaurants (n=25).  These are the restaurants that are most often 

considered fast food restaurants.  Lastly, there were 10.8% of restaurants where food is 
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ordered at the counter, but received at the table (n=8).  This type of restaurant can 

referred to as “fast casual” because they often fall somewhere between table service and 

fast food restaurants.  This finding is particularly important as it suggests the typical 

restaurant classification, which only considers order location [153], may be 

oversimplifying the current restaurant food environment.  Using this more detailed 

classification of the types of restaurants available to youth may help us understand the 

complex and dynamic relationship between youth weight status and the food 

environment. 

Further, significant differences were found when examining the healthfulness 

index and the youth-oriented index by order location.  Specifically, table service and fast 

casual restaurants scored significantly higher than fast food restaurants on the 

healthfulness index and lower on the youth-oriented index.  This means that table service 

and fast causal restaurants present youth with healthier choices, yet youth may be less 

likely to visit these restaurants because they have fewer youth-oriented features.  

Therefore, it may be more appropriate for future food environment research to consider 

both healthfulness and youth-oriented features of table service, fast causal, and fast food 

restaurants as all represent unique environments.  Although future research may benefit 

from use of this single 3-level variable to better classify restaurants, it likely should not 

be used alone to examine associations between restaurant type and obesity, as it was not 

directly correlated with school-level BMI (0.03, p=0.82) in this sample.  However, future 

research should continue to explore this in larger, more diverse samples (e.g. all 

restaurants in a community). 
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BMI was positively associated with various measures included within this study 

such as increased availability of drive thru windows, increased accessibility of free 

fountain drink refills, if the restaurant is good for groups, had well maintained 

landscaping, and if whole food advertising and promotions were present, and negatively 

associated with availability of outdoor seating.  The availability of drive thru windows 

and increased access to free fountain drink refills was anticipated to be positively 

associated with BMI as previous research suggests SSB consumption is associated with 

elevated BMI [89] and that drive thru windows are a known common feature of fast food 

restaurants.  Although little research has explored the concept of food for groups, it is 

reasonable to believe that restaurants that easily accommodate large groups of youth may 

also serve low-cost, processed foods, both of which are associated with increased BMI, as 

they are often perceived to have a higher cost and satiety value by youth [22].  Although 

it is unexpected that advertising and promotion of whole foods was positively associated 

with BMI, it may be that advertising, regardless of subject, is associated with youth BMI.  

Results also suggest that well maintained landscaping is associated with increased BMI, 

while having outdoor seating is associated with decreased BMI.  Although it is unclear 

why this may exist, it may be that landscaping and outdoor seating serve as proxy 

measures for neighborhood SES or general restaurant quality.  Overall, it is evident that 

restaurant factors and qualities are associated with BMI, suggesting that a focus on 

specific measures of the food environment may help explain the association between the 

food environment and obesity among youth.  Given these associations, future works 

should continue to examine these factors and how they relate to BMI of youth. 
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Strengths & Limitations 

This study has key strengths to consider.  First, this study leveraged primary data 

that was collected using a reliable electronic data collection tool.  This extends food 

environment studies, as few food environment studies have used primary data, even 

though research consistently finds it is the most appropriate way to examine the food 

environment [106, 128].  This study is also among the first to consider restaurant 

healthfulness and youth-oriented features of restaurants and how they relate to youth 

weight status.  By considering these unique features, this study has identified aspects of 

restaurants that may be particularly helpful for providing context to the relationship 

between childhood obesity and the restaurant food environment.  Furthermore, by using 

an index measure instead of examining relationships according to a single variable, this 

study provided flexibility and variability in identifying features and qualities of 

restaurants, instead of relying on oversimplified classification methods.  This study also 

used objectively collected BMI data through FITNESSGRAM as the school-level 

measure of overweight/obesity.  Although this measure of BMI is reported at the school-

level, it is a reliable measure collected by trained data collectors.   Finally, this study 

provides a unique setting to explore the restaurant food environment among a sample of 

youth at particularly high risk for obesity, as almost 60% of students attending sample 

schools were Hispanic or economically disadvantaged, and almost 40% were already 

overweight or obese. 

While there are numerous strengths of this study, limitations exist.  A primary 

limitation is that this study only included restaurants and did not include outlets such as 
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grocery stores, convenience stores, mobile food vendors, or general merchants (e.g., 

General Dollar).  Nonetheless, restaurants are common food outlets that youth visit [13, 

73], particularly if the restaurants are located near their school making it easy for youth to 

frequent on their way to or from school.  An additional limitation is that BMI and 

economic disadvantage data were from the 2013-2014 school year, while restaurant data 

was collected in May 2015.  Although this may be a limitation, it is unlikely that BMI or 

percent of students economically disadvantaged changed significantly over the course of 

a year.  An additional limitation is that weight status of youth was aggregated at the 

school-level, will only represent a sample of students at each school, and there were only 

9 schools.  This may misrepresent the true average BMI of the school if the sample was 

not collected appropriately.  To address this limitation, future research should consider 

assessing associations of the food environment with individual-level BMI.  Nevertheless, 

this study aimed to answer a novel question, if healthfulness features or youth-oriented 

restaurants found near schools are associated with school-level BMI.  Finally, this study 

may omit variables that are important to identifying associations of the food environment 

and youth weight status such as dietary habits, physical activity levels, or parental 

support for healthy or unhealthy eating.  These variables were not measured, yet may 

alter youth’s behaviors within the food environment.  However, this study provided novel 

information that will aid in future research within the food environment. 

Implications 

This study successfully used primary data on the restaurant food environment to 

examine associations of youth BMI with restaurant features such as the healthfulness and 
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extent to which a restaurant is youth-oriented.  Additionally, this study identified areas 

within the food environment literature that need to be improved, such as the 

oversimplification of restaurant classification by order location.  Specifically, it may be 

more appropriate to consider full service, fast causal, and fast food restaurants as unique 

types of restaurants as they differed in healthfulness and youth-oriented features.   Future 

research should continue to explore these associations among restaurants, as well as 

additional food outlets such as grocery stores, convenience stores, and mobile food 

vendors.  The food environment field may also benefit from additional exploration of 

restaurant features and qualities within the food environment that may be salient to youth. 
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4.3 DISCUSSION  

Additional research efforts are needed to continue to address the high prevalence 

of childhood obesity in our country.  Specifically, gaining a better understanding of the 

food environment may help assess key determinants of childhood obesity.  The food 

environment is a unique setting, as it is constantly changing; yet experienced by all 

people on a regular basis [69]. 

Early food environment research focused on food environments within schools 

[165, 166], yet recent research has suggested added focus on the food environment 

around schools may provide additional context [39, 145].  By focusing around schools, 

food environment research can identify environmental features that may be associated 

with childhood obesity and that youth experience regularly on their way to or from 

school.  Of school environments, environments around high schools may be particularly 

unique, as high school aged youth have increased autonomy to purchase foods near their 

schools and are often newly licensed drivers.  Furthermore, surveillance data suggest that 

prevalence of overweight and obesity among high school students in Texas may be 

increasing [59].  

Within the food environment, some of the most highly debated findings focus on 

the association of fast food restaurants and youth weight status.  Specifically, some 

studies find positive associations such that having increased numbers or density of fast 

food restaurants is associated with increased BMI among youth [16, 150], while others 

find inverse [9, 40] or null associations [13, 111, 112].  There are many possible reasons 

for these conflicting findings such as poor restaurant categorization and inappropriate 
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coding tools.  Given field limitations, this dissertation aimed to create an informed, 

reliable coding tool that would more appropriately categorize restaurants found within the 

food environment of youth.  Furthermore, this dissertation collected primary data to 

examine features of the restaurant food environment such as healthfulness and youth-

oriented features and their association with youth BMI. 

Study 1 created an informed, reliable food environment coding tool that was used 

to describe the restaurant food environment of high schools.  This adds significantly to 

the food environment literature for several reasons.  First, it created a tool that was based 

on expert opinion and literature review.  By leveraging both expert opinion and evidence 

from the literature, this tool included clearly defined codes that were salient to youth’s 

food environment without relying on problematic industry codes and definitions as 

previous research has done [9, 118, 121-125].  Second, creation of the electronic version 

of the restaurant coding tool was described in detail.  Currently, few studies have 

described how to create coding tools, particularly when they are electronic [135].  This 

detailed description will allow others to replicate this tool for future studies in other 

samples and environments.  Third, this study tested the restaurant coding tool for inter-

rater reliability across multiple types of coders.  Testing reliability across three 

individuals with varying levels of nutrition knowledge ensured that whoever was using 

the tool, regardless of background knowledge, would still be able to reliably code the 

food environment.  This is an improvement over previous food environment research as 

few test reliability of the tool [97, 135, 148, 149], and even fewer test reliability of data 

collection tools again multiple types of coders.  Lastly, this study collected primary data 
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on restaurants located within the food environment of high school students.  Collecting 

primary data on the food environment will ensure that the most accurate and 

comprehensive data is used. 

Usability findings of study 1 are also notable.  Primarily, the coding tool created 

was reliable with only a single 30 minute to one hour training.  This is a significant 

improvement over other food environment tools which require multiple day trainings and 

both classroom work and field work to maintain a similar reliability [75].  Further, time 

required for data collection in each restaurant was minimal (3 to 5 minutes per outlet) and 

interaction with outlet staff was limited.  Limiting time and interaction with restaurant 

staff adds to the usability of the tool as time spent in the field and dealing with outlet staff 

can increase the cost and decrease efficiency of a project.  Finally, due to the electronic 

nature of the tool, it is highly adaptable for future research.  Given that the food 

environment is undergoing constant change, the ability of variables within this tool to be 

easily updated, adds to the usability and benefits provided by this tool. 

When reviewing the food environment literature, a key problematic area 

identified was the oversimplification of outlet classification.  This has primarily occurred 

through the dichotomization of healthy vs. unhealthy outlets.  To address this, study 2 

focused on identifying restaurant features that may promote healthy behaviors and food 

choices by creating an index that measured the healthfulness of a restaurant.  Use of an 

index allowed flexibility for restaurants to fall between “healthy” and “unhealthy,” 

instead of being categorized as one or the other.  This is unique to food environment 
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literature, as previous work has classified an outlet as healthy or unhealthy without the 

possibility of falling somewhere in between [39, 40, 111, 118]. 

Study 2 also created and examined a youth-oriented index and considered its 

association with BMI.  Although the use of youth-oriented themes within food and 

beverage advertisements has successfully targeted youth [28, 158], few food environment 

studies have considered youth-oriented features of outlets and how they influence youth’s 

behavior within the food environment.  Therefore, this study extended the work from 

other fields and translated it into a practical application within the food environment. 

When considering the healthfulness and youth-oriented index, rank order of 

restaurants were significantly different according to scores on the index measures.  

Specifically, restaurants that ranked higher on the healthfulness index were different than 

those that ranked higher on the youth-oriented index.  This suggests that restaurants with 

more healthfulness features have fewer youth-oriented features, while restaurants with 

more youth-oriented features have fewer healthfulness features.  Having fewer healthful 

options within restaurants likely visited by youth is problematic, as it suggests youth have 

a limited ability to make healthful choices.  Further, traditional fast food restaurants (e.g., 

McDonalds, Jack in the Box, Diary Queen) are those that ranked higher on the youth-

oriented index.  This is concerning as fast food consumption has been associated with 

decreased diet quality and increased BMI [167]. 

This study also added a layer of detail to the classification of outlets according to 

order location.  Previous work often categorized outlets based on where food was ordered 

(e.g., if food was ordered at the counter) [30], but neglected to consider where food was 
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received.  Given the growing complexity of the food environment, a better way to 

classify outlets was needed.  Study 2 addressed this by considering where food is ordered 

and received.  Including both order and receiving location allowed for fast casual 

restaurants to be systematically distinguished from fast food and full service restaurants.  

When examining each index according to these order locations, significant results were 

found such that full service (table order, table receive) and fast causal (counter order, 

table receive) restaurants had more health-oriented features and fewer youth-oriented 

features.  This suggests that these restaurant types are significantly different than fast 

food in their healthfulness and number of youth-oriented features.  Although no 

differences in weight status were found, future research should to consider expanding the 

variable of order location past what is currently used in the literature (fast food vs. other 

restaurant) given the associations with healthfulness and youth-oriented features differed 

by a more detailed view of order location.  

Overall, studies of this dissertation continue to examine and add to our knowledge 

base regarding childhood obesity.  Results are notable as they provide direction for future 

research within the food environment by creating a reliable tool to document the food 

environment and identifying areas in further need of development.  Future research 

should consider use of the restaurant coding tool within larger samples of restaurants and 

around a variety of schools (e.g., elementary, middle, public, and private) to gain a deeper 

understanding of the food environment youth experience.  It may also benefit the food 

environment field to explore additional restaurant factors that may be salient to youth 

(e.g., use of coupons, rewards, or mobile phone applications) as there are factors these 
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studies may have omitted.  Finally, future work should consider healthfulness and youth-

oriented features of additional outlet types such as grocery stores, convenience stores, 

mobile food vendors, and general merchants (e.g., Dollar General) and how they relate to 

youth BMI, as further exploration of each food outlet type will provide additional 

information on the associations between youth and the food environment. 
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4.4 STRENGTHS & LIMITATIONS 

Each study presented within this dissertation has key strengths and limitations that 

should be considered.  First, a key strength of study 1 is the creation of an informed 

coding guide that incorporates expert feedback and evidence-based codes.  No other 

known studies have used such an in-depth and thorough process to develop codes to 

document the food environment of youth.  Further, the food environment field was 

severely lacking in reliable, easy to use tools that can be use with similar reliably across 

all types of data collectors.  For example, another commonly used tool to measure the 

food environment requires multiple day trainings that include both classroom lessons and 

field training [75]. Yet, the current tool was able to maintain a high reliability across 

coders of different backgrounds with less than a single hour of training.   

Another key strength of this study is the collection of primary data.  Currently, the 

majority of food environment studies have relied on industry or governmental data [46], 

even though this type of data has been plagued with under representing the true food 

environment [26].  Therefore, by collecting primary data this study provides the food 

environment field with accurate data on the food environment of youth. 

By using an electronic data management platform, this study created a tool that is 

highly adaptable for future research and projects.  This adaptability is critical as it will 

accommodate inevitable changes in the food environment landscape.  Further, use of an 

electronic data collection platform minimizes data collection time. 
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Limitations of study 1 should also be considered.  Although this study based 

codes on expert option and literature review, the tool may be improved by expanding the 

coding guide to include additional methods to validate outlet codes and classifications.  

For example, future tools may incorporate industry or governmental codes into the tool as 

a way to validate or inform other previously developed codes.  This would allow for the 

cross-validation of codes assigned to each restaurant.  Additionally, it may benefit the 

tool to be informed by additional types of experts such as childhood obesity researchers, 

public health professionals, or youth themselves.  This may help to further target items 

included on the tool to address salient health and youth-oriented outlet features. 

Food quality within each restaurant was also not directly considered.  Given that 

food quality has important health implications, future research should likely consider 

adding a food quality component to the categorization of outlets.  To do this, future 

studies or tools may add components of a menu and/or nutrient analysis to better identify 

nutritional differences present within restaurants.  Incorporation of a menu analysis 

would certainly add to the data collection time for each restaurant or outlet, yet it may 

provide a more concrete way of examining the healthfulness of foods available to youth. 

Another limitation to consider is the restricted sample size in both outlet type and 

school setting.  The sample presented in this study is small in regard to data collection 

area (around a single district’s high schools) and outlets considered (restaurants).  Future 

work should consider expanding the data collection areas and should examine additional 

types of outlets (e.g., grocery stores, convenience stores, mobile food vendors, and 

general merchants) and their association with BMI of youth.  Expansion of data 
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collection areas would capture more of the food environment youth, particularly high 

school aged youth, are exposed to as they are highly mobile and often willing to travel to 

specific outlets.  Further, consideration of additional outlet types such as grocery stores 

and convenience stores would likely add to our knowledge of associations within the 

food environment, as these outlets are common within the literature [72, 145, 168] 

While study 1 focused on tool creation and primary data collection, study 2 used 

data generated from study 1 to describe features of restaurants found within the food 

environment of youth.  Strengths of this study include the novel identification of 

healthfulness and youth-oriented features of restaurants, one of the most commonly 

visited outlet types [25, 70, 73].  Identification of healthfulness features strengthens 

current food environment literature as it provides a novel perspective on how to examine 

the food environment.  Further, research has suggested an added focus on healthy aspects 

of the food environment may be a more appropriate approach for identifying the 

relationship between the food environment and BMI [9]. 

This study is also among the first to identify youth-oriented features of 

restaurants.  Although food and beverage advertising research has long been considering 

the implications of youth-oriented advertisements [28, 158], little attention has been 

given to youth-oriented restaurant features.  This is problematic as neglecting the fact that 

certain restaurants are more likely youth-oriented, and therefore, more likely to be visited 

by youth, food environment research was omitting a key factor needed to assess how 

youth interact with the food environment.  
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Limitations of study 2 should also be considered.  Although all high schools 

within a single district were included in the sample, it was a single type of school (high 

school) in a unique district.  This small sample limits the generalizability of results and 

has limited power to detect associations of school-level BMI with the healthfulness and 

youth-oriented index.  Further, similar to previous research [39, 116, 117], this study 

limited it sample to include only restaurants and restaurants features within a one-half 

mile of the school.  While this allows for detailed analysis on restaurants, it neglects other 

outlets that are also commonly visited by youth.  Future research on these omitted outlets 

such as grocery stores and convenience stores will likely benefit the food environment 

field by creating a more detailed and complete picture of what the food environment of 

youth looks like. 

Another limitation is the reliance on secondary data for youth BMI.  Given the 

importance of childhood obesity [50], it would benefit both food environment and 

childhood obesity research for future research to consider objectively collecting 

individual-level BMI.  This would provide the most appropriate way to examine the 

relationship between youth weight status and the food environment.  Nevertheless, use of 

school-level BMI allowed this study to provided initial associations of youth BMI with 

restaurant healthfulness and youth-oriented features. 

In sum, each study has key strengths that will provide a significant contribution to 

the food environment literature, as well as limitations that will provide a starting point for 

future research.  Further, each study provides the field with an updated analysis of the 

relationship between youth’s weight status and the food environment. 
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4.5 IMPLICATIONS 

Aims of this dissertation included, 1.) To create an informed, reliable coding tool 

that will appropriately represent restaurants found within the food environment of youth, 

and 2.) To determine association between the restaurant food environment and school-

level BMI by using restaurant codes developed through this dissertation.  Each aim was 

accomplished and contributes to the food environment literature by using a novel 

approach to assess the food environment and its associations with youth weight status. 

Specifically, studies addressed problematic gaps in the literature.  First, the poor 

categorization and coding of food outlets was addressed through creation of an expert and 

literature informed coding tool.  The utility of this tool reaches beyond the present study 

as the tool can continue to be modified to appropriately categorize additional types of 

outlets such as grocery stores, convenience stores, and mobile food vendors or adapted 

for future restaurant environment research.  Further, the tool had high inter-rater 

reliability across multiple coders of varying background knowledge, which will allow it 

to be used by any trained coder, academic or lay person, with high reliability. 

Studies also aimed to identify restaurant and associated features that were located 

within the food environment of youth and to examine their associations with youth 

weight status.  Although there are limitations, restaurant healthfulness, youth-oriented 

features, and associations with school-level BMI were identified and examined.  

Restaurant features important to assessing how youth interact with their food 

environment were identified across all restaurants located within one-half mile of high 

schools.  Each index was determined to be uniquely important in identifying associations 
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of the food environment.  Finally, the oversimplification of food outlet categorization 

according to a dichotomous view of order location (fast food vs. other) was rejected as 

both the healthfulness and number of youth-oriented differed by a more detailed view of 

order location (full service, fast casual, and fast food restaurant).  This result provides a 

new and unique way to study the food environment of youth. 

Implications of this dissertation are widespread.  First, this dissertation developed 

a restaurant coding tool which provided a new way of examining the food environment.  

Creation of this tool provides food environment researchers with a reliable tool that can 

be easily adapted and used in future research projects.  Further, this dissertation has the 

potential to change the trajectory of research on the food environment of youth with its 

emphasis on identifying youth-oriented features of outlets.  Without this added focus on 

what appeals to youth, food environment research will not likely fully understand the 

dynamic interactions of youth, the food environment, and childhood obesity. 

In addition, this dissertation has implications outside of academia.  For example, 

the food environment is often a primary interest of public health organizations and 

local/state governmental health agencies, as they have the ability to change laws and 

policies around food establishments to support the health of the community [169, 170].  

Given this, policy makers and practitioners have the potential to benefit from this 

dissertation, as it outlines the development and use of a user-friendly, reliable tool that is 

now available to assess the food environment.  Further, this dissertation lays out unique 

features of the environment of youth that may help develop our knowledge of the food 

environment and its relationship to childhood obesity. 
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Through this dissertation key questions related to the food environment and youth 

have been identified and answered.  Future food environment research will benefit from 

studies of this dissertation as they present novel tools and new ideas on how to examine 

the food environment.  Finally, this dissertation provides a starting point for future 

academic research as well as practical tools for public health professionals to use to 

assess the current food environment. 
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