ABSTRACT
YAVELAK, MARY KATHRYNN. Design and Implementation of Population-Specific
Interventions to Improve Consumer Food Safety Behaviors. (Under the direction of Dr.
Benjamin Chapman and Dr. Dana Hanson).
With an estimated 48 million illnesses per year, foodborne illnesses (FBI) cause an
estimated $77.7 billion annual financial burden in the United States. The Centers for Disease
Control and Prevention (CDC) highlights the importance of risk awareness for food prepared in
the home, as the home has been identified as the second most common setting for a FBI outbreak
after retail food settings. Educational programs intended to improve safe food preparation
practices of consumers have been used as an intervention strategy to reduce consumer risk of
FBI. Many of these forms of food safety education are distributed through mass digital
messaging and targeted toward the general consumer. These mass interventions have difficulties
targeting additional valuable constructs of behavior change outside of education. As
recommended food safety practices encompass behaviors that require specific skill-sets, more
emphasis in food safety intervention development should be placed on helping consumers
develop those necessary skills.
The purpose of this thesis was to utilize health behavior intervention guidelines and
behavior change theories to design and implement food safety interventions intended to change
improper food-related behaviors of two distinct consumer groups—an approach not often taken
in current food safety interventions. The trans-theoretical model was used as a framework to
organize the behavior change theories and models to impact participants at various stages of
preparedness for behavior change. Although intended outcomes from the interventions were to
improve food safety behaviors of participants, this approach emphasized the value of

incorporating predictors of behavior change and increasing participants’ readiness for improving
their food safety behaviors.
An in-person, beef-specific food safety workshop was designed and implemented to assess
current food safety behaviors of consumers who prepare food at temporary events (TEs) and aim
to create sustained food safety behavior change. Trained instructors provided information on
handwashing, cleaning and sanitizing, food thermometer use, and indicating meat doneness to
customers (n=107) of the Pennsylvania State University Meats Lab using hands-on activities to
empower participants while applying newly acquired skills. Self-reported food safety behavior
data was collected prior to and one and four months following the intervention. After one month,
92.7% of participants reported changing food safety behaviors due to the intervention (n=41).
Short and long term follow-up data also showed increases in thermometer use and retention of
knowledge for handwashing, cross-contamination, and cleaning and sanitizing.
A half-day, hands-on, BBQ Bootcamp that focused on beef safety, preventing foodborne
illness, cuts of beef, and grill types and safety was designed and delivered to youth ages 8-18.
Trained instructors provided the information as short overview lessons, demonstrations, and
hands-on activities to support students with various learning intelligences. Small groups were
utilized to encourage dialogue among participants, and competitive challenges motivated youth
participants to engage in their learning during the program. Two train-the-trainer camps and one
instructor training course were implemented in North Carolina, leaving n=40 youth educated and
n=11 extension personnel trained on program implementation and fidelity. Analysis of pre- and
post-test scores showed improvements in knowledge, self-efficacy, and intentions of participants
following involvement in BBQ Bootcamp.

As an aggregation of evidence-based food safety programs, this thesis explores the
efficacy of utilizing population-specific interventions to improve consumer food safety
behaviors. With the potential to have impacts beyond the measured behaviors, efficacious
consumer-targeted food safety interventions could reduce the incidence of FBI resulting from
improper consumer food preparation. These research studies can be further implemented as food
safety interventions to target TE and youth consumers and determine the effectiveness in other
locations. Additionally, studies contained in this thesis can be used as guidelines for creating
other evidence-based food safety interventions intended for specific consumer groups.
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INTRODUCTION
Foodborne illness (FBI) affects approximately 1 in 6 people in the United States (U.S.)
annually (Scallan & Mahon, 2012). Of the 48 million estimated individuals affected by FBI, an
estimated 128,000 are hospitalized and 3,000 die (Scallan & Mahon, 2012). Thirty-one known
pathogens cause roughly 9.4 million illnesses, 55,961 hospitalizations, and 1,351 deaths in the
U.S. each year (Scallan et al., 2011). An annual financial burden of ~$77.7 billion dollars
includes costs of medical care, unemployment, (potential) chronic conditions developed, and
pain and suffering (Scharff, 2012). These estimates, however, do not account for the inevitable
financial burdens to public health and industry resulting from foodborne illness cases or
outbreaks. The Centers for Disease Control and Prevention (CDC) has identified the five main
contributing factors to foodborne illness as: food from unsafe sources; poor personal hygiene;
improper cooking; improper cooling; and cross contamination (Centers for Disease Control and
Prevention, 1996). The World Health Organization (WHO) and other public health entities
recognize similar factors (World Health Organization, 2006).
Meat and poultry products are implicated in 29% of reported foodborne illness cases and
22% of foodborne illness-linked deaths (Painter et al., 2013). Animal proteins may carry
zoonotic pathogens such as Escherichia coli (E.coli) O157, Salmonella, and Campylobacter,
which are all high-priority pathogens to the U.S. Interagency Food Safety Analytics
Collaboration (IFSAC) due to their roles in causing illnesses (Interagency Food Safety Analytics
Collaboration, 2017). With an estimated 776,841 illnesses per year, beef-related FBIs cause an
estimated $1.356 billion annual financial burden in the U.S. (Batz, Hoffmann, & Morris, 2012).
E.coli O157 and non-O157 Shiga toxin-producing E.coli (STEC)s are the primary pathogens
responsible for these illnesses.
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A common approach to influencing consumer behavior is utilizing risk communication
strategies in digital mass messaging. Current food safety messaging typically focuses on
universal principles targeted towards the general consumer (Partnership for Food Safety
Education, n.d.; United States Department of Agriculture, n.d.). Large-scale risk communication
allows consumers to receive knowledge on risks and benefits of typical food safety behaviors
(Food and Agriculture Organization & World Health Organization, 2016). However, these
communications often fail to teach skills that may be associated with positive food safety
practices. Programs that target health behaviors, like food safety behaviors, can be used to
provide educational assistance specifically focused on preventing unwanted health behavior
consequences. Health programs are ideally a strategically planned partnership between experts
and stakeholders as a positive aggregate intervention strategy within a community. In-person
food safety education programs show promise in improving consumer food safety behaviors; but,
new consumer-specific strategies utilizing psychological theories on behavior change are needed
(Sivaramalingam et al., 2015).
The Trans-Theoretical Model (TTM) is often used in health behavior settings in
association with ceasing a risky behavior or adopting a recommended behavior. The model
suggests that during the behavior change process, five stages of cognition are encountered: 1)
precontemplation: when unaware of the risk, 2) contemplation: when aware of the risk but not
ready to change behavior, 3) preparation: when ready to change behavior, 4) action: when action
is taken to change behavior, and 5) maintenance: when the behavior must be maintained in order
to avoid relapse (Prochaska, Velicer, & Velic~, 1997). Someone in the precontemplation stage
likely has false perceptions about the severity and incidence of the risk; education is needed to
move the individual to the next stage (Rosenstock, 1974b, 1974a). Consumers in the
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contemplation or preparation stages require motivation and intention to continue on to
subsequent stages (Ajzen & Fishbein, 1970; Michie, van Stralen, & West, 2011). Finally, those
in the action and maintenance stages must have the capabilities to practice and sustain the
recommended behavior (Michie et al., 2011).
The purpose of this thesis was to utilize health behavior intervention guidelines and
behavior change theories to design and implement food safety interventions intended to change
improper food-related behaviors of two distinct consumer groups—an approach not often taken
in current food safety interventions. Most current food safety interventions focus the majority of
efforts on education about food safety and not other factors contributing to behavior change. The
TTM was used as a framework to organize the behavior change theories and models to impact
participants at various stages of preparedness for behavior change. Various consumer behavior
studies show consumers range from being unaware of foodborne risks to following
recommended practices; thus, for this study, assumptions were made that participants of the
interventions were at varying stages of the behavior change process according to the TTM
(Phang & Bruhn, 2011; Redmond & Griffith, 2004).
The first of these interventions, an analysis of consumer knowledge and practices at
temporary events (TEs), took place at an American university football tailgate with an intended
audience of consumers who prepare food at TEs (Chapter 2). TEs are defined here as instances
where food is prepared outside a home or typical food preparation setting and served to
individuals not for profit; these events include tailgates and other types of community gatherings.
As outdoor or temporary food preparation can be considered a risky practice, the intervention
focused on risk-reducing strategies. Consumer education centered around four main topics: 1)
hand hygiene, 2) prevention of cross-contamination, 3) food thermometer usage, and 4)
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determining meat product doneness. Before and after partaking in the workshop-style
intervention, participants answered survey questions to quantify their food safety behaviors.
Results from this study are twofold; the baseline data can be used to fill gaps in the literature
surrounding food preparation habits of consumers who partake in outdoor food preparation.
Additionally, post-intervention data analyzed the efficacy of the intervention and illuminated
areas that can be changed before further implementation.
The second intervention covered in this thesis is a one-day camp model designed to
educate youth on beef science and safety (Chapter 3). Topics covered in the camp curriculum
included beef primals and cuts, foodborne illness risk factors, outdoor cooking safety, and beef
product preparation. Hands-on activities and demonstrations allowed youth to develop skills in
addition to knowledge acquirement, and supervised food preparation built self-efficacy toward
the newly acquired skills. Pre- and post-test survey data from participants evaluated the
intervention’s effectiveness as an education and skill-building tool for North Carolina
Cooperative Extension. Further implementation of the youth-focused intervention is important in
filling current gaps in programming in North Carolina, where youth are not provided resources to
learn about food safety.
As an aggregation of evidence-based food safety programs, this thesis explores the
efficacy of utilizing population-specific interventions to improve consumer food safety
behaviors. With the potential to have impacts beyond the measured behaviors, efficacious
consumer-targeted food safety interventions could reduce the incidence of FBI resulting from
improper consumer food preparation.
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CHAPTER ONE:
Changing Consumer Food Safety Behaviors: A Review of Literature
The Centers for Disease Control and Prevention (CDC) highlights the importance of risk
awareness for food prepared in the home; the home has been identified as the second most
common setting for a foodborne illness (FBI) outbreak after retail food settings (Gould et al.,
2013). Visual inspections of consumers’ kitchens reveal many potential food safety risks,
including improper storage, pest invasion, and lack of cleanliness (Borrusso, Henley, & Quinlan,
2015). Research on beef-specific food safety behaviors of consumers is limited, but has reached
much the same conclusions as other food safety studies: consumers do not typically follow
recommended food safety guidelines (Phang & Bruhn, 2011; Yang, 2018). Consumers selfreport engaging in risky food safety behaviors such as improper storage that could cause cross
contamination, washing meat products, and failure to use a food thermometer to determine beef
product doneness (Yang, 2018). Risky behaviors are significantly associated with demographic
factors; for example, minority and underrepresented populations and those with higher education
were both more likely to engage in risky behaviors (Yang, 2018). An observation study on beef
hamburger preparation similarly revealed that there were discrepancies between consumer
actions and recommended behaviors related to thawing, cross contamination prevention, and
using a food thermometer to determine product doneness (Phang & Bruhn, 2011). Both these and
similar beef-specific food safety behavior studies illuminate the need for better risk
communication surrounding the risks of beef preparation and the benefits of following the
recommended preparation guidelines.
In addition to home kitchens, consumers also prepare food outdoors. According to Forbes
magazine, 75% of adults in the United States (U.S) own a grill or smoker, and 63% of those who

9
own a grill or smoker use the appliance year-round (Larry Olmsted, 2016). Food preparation that
occurs outside of the home may pose an additional risk due to the reduced amount of available
equipment (i.e.: hand washing sinks and separate utensils for raw and cooked products).

Risk communication and food safety messaging
The Food and Agricultural Organization (FAO) and World Health Organization (WHO)
define risk communication of food as “the exchange of information and opinions concerning risk
and risk-related factors among risk assessors, risk managers, consumers and other interested
parties” (Food and Agriculture Organization & World Health Organization, 1998). Experts in the
field are primarily responsible for communicating food safety risk information to consumers or
other personnel. Risk communication does not stand alone in food safety; rather, it is one of three
parts in the larger scope of risk. Before risks can be communicated, they are first scientifically
evaluated and then managed to reduce them to a specific level (Food and Agriculture
Organization & World Health Organization, 2016). Risk communication is of great importance
to food safety because it is the primary method of facilitating conversation around food-related
topics and bridging gaps between experts and non-experts (Food and Agriculture Organization &
World Health Organization, 2016). Effective risk communicators convey both the risks and
benefits associated with food while incorporating trust, openness, transparency, timeliness, and
responsiveness (Food and Agriculture Organization & World Health Organization, 2016).
To impact consumer food safety practices, food safety messaging in the U.S. also focuses
on contributing factors to FBI (Centers for Disease Control and Prevention, 2017; Partnership for
Food Safety Education, n.d.; United States Department of Agriculture, n.d.). Many messages
focus on cleaning and sanitizing food contact surfaces, cooking food to a proper internal
temperature, refrigerating perishable foods, and separating raw and ready-to-eat (RTE) foods.
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Failure to correctly perform each of the aforementioned actions may increase FBI risk through an
inadequate reduction of foodborne pathogens. The mitigation of risk from animal-associated
pathogens emphasizes cooking to a safe internal temperature, to reduce pathogen load by 6.5 or 7
logs. Per the U.S. Food and Drug Administration (U.S. FDA) guidelines in the 2017 Food Code,
the recommended temperature for beef products is 145°F for 15 seconds for intact meat and
155°F for 17 seconds for non-intact or mechanically tenderized products; guidelines from the
United States Department of Agriculture (USDA) suggest that non-intact meat be cooked to
160°F (U.S. Food and Drug Administration, 2017; United States Department of Agriculture
Food Safety and Inspection Service, n.d.). Differences in recommended end-point temperatures
for intact and non-intact meat products can be attributed to the internalization of pathogens
during the tenderization process (Luchansky, Phebus, Thippareddi, & Call, 2008). Other
important consumer cooking recommendations for meat and poultry products include using a
food thermometer to measure the internal temperature. Although consumers typically use more
subjective methods for determining doneness (i.e. color, feel, and smell), using a food
thermometer is the only scientifically-sound measure to determine meat product doneness
(Phang & Bruhn, 2011; United States Department of Agriculture Food Safety and Inspection
Service, 2013). Other indicators are subjective to outside factors and influenced by consumer
perceptions; using color to determine when meat is cooked is a common indicator but is affected
by premature browning and consumer recognition of color (Killinger, Hunt, Campbell, & Kropf,
2000; Lyon, Berry, Soderberg, & Clinch, 2000). The goal of food safety messaging is to impact
behaviors, but research has demonstrated that consumers do not always follow recommended
practices.
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Changing consumer behavior
Despite attempts to educate consumers about the risks associated with improper food
preparation, many consumers still engage in risky or not recommended food safety
practices. Psychologists have studied human behaviors and concluded that there are many
factors that contribute to changing behavior, some of which are best targeted to people in various
stages of behavior change. In this review, food safety behaviors are categorized as one of many
“health behaviors” due to the potential medical consequences if ignored. Health behaviors in
particular can be personal, so the use of behavior change theories that are validated to health
behaviors can provide the best foundation for interventions.
The Health Belief Model (HBM) is a set of constructs describing four factors that can
determine one’s decision to follow a specific health behavior. These factors are 1) perceived
susceptibility to the problem; 2) perceived severity of the problem if it would occur; 3) perceived
benefits of following the health behavior; and 4) perceived barriers and whether the barriers
outweigh the benefits (Rosenstock, 1974b, 1974a). This model draws on the consumer’s
perception of the four factors and may not reflect true/actual factors relevant to the risk. To
combat the perceived factors, consumer education is often required. According to the model,
when a consumer perceives that the benefits of changing a behavior outweigh the costs, they
have self-efficacy towards changing the health behavior (Rosenstock, 1974b, 1974a). Direct
links between food safety and the HBM occur when consumers are unaware of the actual
susceptibility and severity of many FBIs. Redmond and Griffith (2004) found that consumers
perceive a low risk of FBI associated with home food preparation, even though it is the second
most common setting for FBI (Gould et al., 2013; Redmond & Griffith, 2004)
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The Theory of Planned Behavior (TPB) states that in order for a behavior to be changed,
one must have an intention to change the behavior; intent is formed through attitudes, subjective
norms, and perceived behavioral control (Ajzen & Fishbein, 1970). According to the TPB, a
person’s direct knowledge about the risk of an incorrect behavior is not as important for behavior
change; instead, how the person feels or what they see others doing has a larger impact on
behavior change. Although knowledge can often improve one’s attitude toward a specific
subject, very strong attitudes can be steady over time and are resistant to coercion, thus
necessitating strategies other than education (Ajzen, 2000). Validation for use in health behavior
settings has concluded that efforts to impact attitudes, norms, and self-efficacy were effective in
changing health behaviors (Sheeran et al., 2016). Additionally, a beef-specific food safety
behavior study recognized that self-efficacy and personal control were attributed to consumers’
food safety behaviors, even those that were risky (Yang, 2018).
A relatively new system, the Behaviour Change Wheel (BCW), attributes initial behavior
change to the capability, opportunity, and motivation of the person (Michie, van Stralen, & West,
2011). These three concepts, known as the COM-B system, are equally represented in the center
of the wheel as the essential components of behavior change. Surrounding these concepts are
various constructs that can be targets of interventions (education, persuasion, incentivisation,
coercion, training, enablement, modeling, environmental restructuring, and restrictions) (Michie
et al., 2011). Utilization of the BCW in interventions relates to determining where the deficit lies
in the COM-B system and focusing efforts that contribute to the core concepts of behavior
change.
According to the widely used theories of the HBM, TPB, and BCW in food safety,
knowledge itself is only one piece in inspiring behavior change in consumers. Despite this fact,
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most efforts are placed on increasing the knowledge of consumers about best food safety
practices. Education is most commonly used because it can be an inexpensive and easily
widespread effort; but without conjunction to other tools, education alone can be less effective or
even ineffective changing consumer behavior.

Interventions for food safety behaviors
Health interventions can be used in public health settings in a preventative or therapeutic
way. Food safety interventions are often prevention focused; information and skill building
tactics are targeted because compliance with given guidelines will reduce FBI risk. A few
reviews have focused on food safety interventions delivered to consumers (Campbell et al.,
1998; Sivaramalingam et al., 2015). A comprehensive review on food safety interventions
illuminated the need for more randomized controlled trials, targeted populations, novel
technologies, and incorporation of behavior change theories (Sivaramalingam et al., 2015).
Although research on the effectiveness of online versus in-person health interventions is
inconclusive, food safety interventions that occur in-person allow for direct conversation
between consumers and food safety professionals. In-person interventions also promote skill
building through demonstration and practice. When interventions occur in group settings, the
concept of social norms becomes relevant since seeing others engaging in a correct food safety
behavior may increase a consumer’s intention toward adopting the behavior (Ajzen & Fishbein,
1970). Providing consumers with all the tools and information needed to practice recommended
food safety behaviors draws upon the HBM and BCW by providing consumers with the
capability to overcome both perceived and true/actual barriers (Michie et al., 2011; Rosenstock,
1974b, 1974a).
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Cognitive factors (such as attitudes and knowledge) are often chosen as measures of food
safety interventions due to their accessibility and small expense in measurement. For large-scale
interventions, cognitive factors and behaviors are often gathered through self-reported
measurements. Surveys afford various ways to ask questions (i.e.: multiple choice, yes/no, and
short answer). Both multiple choice and yes/no questions allow for an explicit answer to the
question with little misinterpretation (Redmond & Griffith, 2003). Allowing consumers to
answer questions themselves may not give as comparable data, but may lead to more honest
answers, which can be used qualitatively. Self-reported data can be subject to social desirability
bias, where consumers may answer questions in a way that they think is more favorable to the
researcher (Fisher, 1993; Redmond & Griffith, 2003). However, with variables that are subject to
social pressure, indirect questioning can reduce the social desirability bias in self-reported
studies (Fisher, 1993). Redmond and Griffith (2003) found that only 17% of consumer food
safety studies utilized observational studies, which are not subject to the social desirability bias.
In-person observations require more resources, specifically time and money, and often cannot
include the social norm aspects of group interventions. Observations may also be subject to the
Hawthorne Effect, a concept that resulted from experiments in Chicago where participants
changed their actions due to their knowledge of being watched (Mayo, 1945). Regarding the
various biases and effects that can occur with data collection methods, utilizing a mixed-method
approach can minimize limitations and maximize benefits associated with each method
(Creswell, Klassen, Clark, & Smith, n.d.). Future areas of study in food safety interventions
should take into account the gaps discussed in this review and utilize science-based methods for
development and implementation of more efficacious interventions.
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CHAPTER TWO:
Assessing Consumers’ Food Safety Knowledge and Practice at Temporary Events

Introduction
A temporary event (TE) describes when consumers prepare some or all food outside the
home or typical food preparation setting and serve to individuals not for profit; these events
include tailgates and other types of community gatherings. While cooking at a TE, food
preparers have limited access to vital foodborne illness (FBI)-related risk factor resources (i.e.:
running water, cleaning utensils, and separate cooking tools for raw and cooked products)
(Centers for Disease Control and Prevention, 1996; World Health Organization, 2006). Due to a
lack of food safety infrastructure, trained food preparers, and conventional food preparation
facilities, a subset of meat-related foodborne illnesses occur at temporary or informal events
(Public Health - Dayton & Montgomery County, 2012). Previous studies have found that most
food preparers at tailgates—“informal events that take place in parking lots prior to large events
where the attendees prepare and consume food outside”—do not use a food thermometer when
preparing meat products (Yavelak, Chapman, Cope, & Hochstein, 2018).
Other studies investigating the attitudes and behaviors of tailgate attendees found that
46.9% of tailgaters seldom or never paid attention to packages for safe handling instructions
highlighting that education efforts should be targeted elsewhere for this population (Hanson,
Hughes, & Liu, 2015). Although campaigns have strived to teach tailgate food safety, few
campaigns have been both in-person and directed towards an audience comprised specifically of
tailgaters (Goodwin, 2016; United States Department of Agriculture Food Safety and Inspection
Service, 2011).
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A pilot TE study was conducted to develop and implement a food safety educational
intervention at a North Carolina State University football game event, known familiarly as a
‘tailgate’ to teach attendees food safety and encourage the participants to employ risk-reduction
practices at TEs and in the home. The goal of this study was to determine if in-person food safety
education of tailgaters could lead to behavior changes that could eventually reduce the number of
FBI cases seen at TEs. Tailgate-specific FBI risk can be avoided by cooking meat to the correct
internal temperature, using accurate measures for determining doneness of meat, properly
cleaning and sanitizing surfaces to prevent cross-contamination, and practicing good personal
hygiene.
The pilot TE study data revealed that 42% (n= 257) of the participants did not use a food
thermometer before attending the tailgate demonstration. Those who reported using
thermometers primarily used them on pork (74%), beef (69%), and chicken (61%) when asked to
choose all that apply (n=148); thermometers were used more infrequently on eggs and fish.
Frequency of thermometer use varied; only 15% of participants reported using a thermometer
always (n=148). Some participants voluntarily skipped stations, failing to complete the whole
intervention, which may have impacted efficacy.
The purpose of this study was to build on the TE pilot and determine if an in-person,
hands-on food safety intervention focused on TE-specific contributing factors is an effective
approach in changing sustained self-reported food safety behaviors of consumers who attend
TEs. It was hypothesized that initial control and treatment behaviors would not be significantly
different; but, the treatment group was hypothesized to have a positive, significant change in
self-reported food safety behaviors sustained through four months.
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Materials and methods
Intervention development
An intervention was developed to impact food safety practices of consumers who
frequent TEs. Education was focused around four main food safety best practices: personal
hygiene, cleaning and sanitizing, thermometer use, and determining meat doneness (Centers for
Disease Control and Prevention, 1996; United States Department of Agriculture, n.d.; World
Health Organization, 2006). Due to the large volume of topics necessitating coverage, the
educational intervention was divided into stations. Each station covered one of each of the four
specific topics. To utilize group-facilitated learning, where participants are encouraged to learn
from each other’s questions, thoughts, and actions, stations were designed to accommodate 4-8
people at a time (Cornell University, 2017). The four educational stations also utilized hands-on
demonstrations lead by trained instructors. The hands-on demonstrations emphasized learning
impact to generate participant interest and empowerment to feel confident in practicing food
safety (Holstermann, Grube, & Bögeholz, 2010).
The intervention was delivered in-person to relay all information in an engaging and
personal way. Two volunteers with prior food safety education lead each station. Other
volunteers helped participants move between stations. Conversations at each station were loosely
based around the Motivational Interviewing counseling style, which helps unmotivated
individuals find motivation to change behaviors (Hardcastle et al., 2015). All stations had a semistructured script, where instructors emphasized specific points, but participants could ask
questions and direct the conversation to be relevant to them. An example script was provided to
each volunteer at least one week prior to the intervention to become familiar with the
information. Each station was timed to last 2-3 minutes, for a total of 15-20 minutes for

23
participants to complete the whole intervention. Instructors at each station asked participants
about their current practices before giving information about the best practices for mitigating the
food safety risk. Conversations then transitioned to the reasons why utilizing the information
would be beneficial to the health of the participating individuals and the people for whom they
prepare food for. Any remaining time was reserved for additional questions from the
participants.

Site selection
This project was conducted in State College, Pennsylvania at The Pennsylvania State
University’s (PSU) on-campus Meats Laboratory. The site was selected because of its proximity
to project stakeholders and the large quantity of tailgaters present at PSU’s sporting events. Each
week, the PSU Meats Laboratory holds an on-site meat sale to provide meat for patrons to
prepare during tailgates. These sales attract between 100-400 patrons who fit the target
population of consumers who engage in the risky practice of preparing food at TEs.
To attract the largest possible participant crowd, the project was completed during a PSU
football game that historically has the largest number of tailgaters. The average attendance for
PSU home games in 2017 was 106,707 spectators, ranking PSU third in home game attendance
in the U.S. Division I Football Bowl Subdivision (FBS), and making it an ideal location to hold
the intervention study given the number of people to interact with (Iarmolenko, Young Bae, &
Chick, n.d.; NCAA, 2017). Students and other attendees often congregate at tailgating areas days
before games to participate in coordinated tailgating events.
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Participants
A quasi-experimental design was implemented with two participant groups: a control
group and a treatment group. Food safety behaviors of both groups were assessed prior to the
intervention, but the treatment group was the only participant group who attended the
intervention at the PSU football tailgate. The group that received the intervention included a
convenience sample of all available and willing patrons at a meat sale before a specific PSU
football tailgate. Patrons were incentivized to complete the intervention at the site of the meat
sale for a coupon. The control group consisted of meat lab patrons and tailgaters. A convenience
sample of tailgaters was selected during the tailgate the same weekend of the intervention. The
meat lab patrons who were part of the control group consisted of a convenience sample who did
not attend the meat sale during the week the intervention was given; recruitment used the meat
lab database with a survey to screen out those who had already been given the intervention.

Baseline data collection
A baseline food safety survey on food safety knowledge, attitudes, and practices was
provided to all participants in the control and treatment groups. This survey was designed to
determine how subjects use best food safety practices during food preparation before the
intervention occurred. The survey consisted of five sections (thermometer use, crosscontamination, cleaning and sanitizing, personal hygiene, and tailgating food safety) with 21
questions. The question formats were multiple choice (yes/no), choose all that apply, fill-in-theblank, and Likert-type scale.
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Intervention implementation
Figure 2.1 depicts the flow of the intervention inside the PSU Meats Lab. Participants
visited stations on each of the topics (personal hygiene, cleaning and sanitizing, thermometer
use, and determining meat doneness) before completing the intervention.

Personal hygiene. Instructors focused on the importance of personal hygiene in
preventing foodborne illness. The station included a hand-washing sink for participants to
practice proper hand washing. Instructors explained the steps involved in handwashing,
highlighting that water temperature was not as important as having soap, water, and a single-use
drying towel. The example script included the following: “Having good personal hygiene means
that you have on clean clothes and that your hands are properly washed. There are 5 steps of
proper handwashing: 1.Wet hands; 2. Put soap on hands; 3. 10-15 seconds of scrubbing; 4. Rinse
hands; 5. Dry hands”. During this implementation, handwashing was demonstrated using a sink
with running water, but could be adapted using bottles of water or a water cooler if running water
is unavailable at tailgating settings.

Cleaning and sanitizing. Participants were taught how to adapt traditional in-home
cleaning and sanitizing practices for tailgating areas to prevent cross-contamination. An excerpt
from the example script reads: “Cooking the meat to the correct temperature kills pathogens to a
point where it is unlikely for the consumer to get sick. However, if you are not careful about
cross contamination, you can be almost just as at risk for a foodborne illness as you would be if
you ate the raw meat”. Instructors leading this station defined cross-contamination as “the
potential transfer of harmful bacteria from raw products to ready-to-eat products”, and
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emphasized that occurrence is likely when using the same spatula or plate for raw and cooked
burger. The difference between cleaning and sanitizing was emphasized by group leaders;
cleaning describes the mechanical removal during of dirt and sanitizing describes antimicrobial
effects. Participants were encouraged to use two sanitizing wipes to accomplish both steps in
tailgate settings.

Thermometer use. Instructors emphasized the importance of using thermometers when
cooking meat and meat products at tailgates. For example, the script read: “When beef is ground,
pathogens that are usually on the surface can be found in the center of the beef as well. To ensure
that these pathogens are killed and will not make you sick, a thermometer should be used to
check the internal temperature of the food”. Volunteers aided participants in taking the
temperature of burgers on a grill, emphasizing proper thermometer placement. Another key idea
stressed at this station was the difference in end-point temperatures for various meats. Because
ground beef patties were used in the demonstration, the recommended 160°F internal
temperature for ground beef was highlighted.

Determining meat doneness. Instructors dispelled incorrect methods of determining meat
doneness such as color of meat, color of juice, or texture of meat. An excerpt of the example
script for this station is as follows: “The color of meat has too many variables to be a reliable
indicator of doneness. Some factors that can change meat color are how long the meat sat out
before being cooked and the fat content of the meat. Additionally, analyzing color is a qualitative
property, so different people may see and describe different colors while looking at the same
piece of meat”. Visuals of burgers and their reported internal temperature were used to
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demonstrate that a direct link between the color of meat and its internal temperature cannot be
made.

Additional resources. After visiting each station, participants received a free irradiated
ground beef patty and a digital, tip-sensitive food thermometer. The participants had already
been informed of the importance of the thermometer, but were then also taught about irradiation
as a food processing step. The example script for this station read: “The beef that you are about
to eat has been irradiated for safety. The irradiation of beef is used to reduce the amount of
foodborne pathogens on the meat, lessening the chances of making you sick. There is a big
misunderstanding with irradiation, as many people see it as a process that will harm the people
that consume it. There is no scientific evidence that eating this meat will make you sick, and as a
bonus, it is safer to bring to a temporary cooking area such as a tailgate”.
Other food safety paraphernalia were available for participants to take as well, such as
tailgate gear (i.e.: aprons, drink holders, etc.) branded with the “160°F is Good” message.
Although education and knowledge gain are included in many behavior change models, other
concepts such as opportunity and attitude can also contribute to behavior change (Ajzen &
Fishbein, 1970; Michie, van Stralen, & West, 2011). Receiving a thermometer provides
participants with an opportunity to practice concepts learned and the idea that they have
(perceived) behavioral control over their food safety actions. The branded “160°F is Good” gear
can aid in promoting subjective norm by encouraging adherence to recommended food safety
behaviors.
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Figure 2.1 – Flow of educational stations in the PSU Meats Lab.

Follow-up surveys
All follow-up information was collected via electronic internet surveys created in Google
Forms (https://docs.google.com/forms). Surveys were open for responses for one week from the
day it was sent out. The first follow-up survey was administered one month post-initial data
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collection, and the second follow-up survey was administered four months post-intervention. The
one-month follow-up was meant to determine short-term effects on food safety behaviors of
participants following the intervention. The four-month follow-up showed long-term retention of
information and how self-reported food safety behaviors were affected.
The follow-up surveys were very similar to the pre-intervention survey, utilizing a
sample of the same questions for comparison between surveys. Additional questions in the
intervention group follow-up surveys asked subjects to recall what they learned in the
intervention and if/how their practices have changed. The control group was not asked these
questions because they did not attend the intervention.

Data analysis
All responses were reported as percentages, but some questions accepted multiple answer
choices, allowing for the sum of percentages to be greater than 100% for these questions. The
majority of the data collected is represented as descriptive data in tables that can be used to
understand more information about the TE population and design interventions to accommodate
their current food preparation practices.
Significance in Liket-type scale responses among baseline, one-month, and four-month
responses were assessed using a paired t-test of the n=32 participants who completed all three
surveys.
All survey responses were coded into recommended and not recommended behaviors and
summed to form a total score for each participant at each data collection point. These scores
were used for statistical analysis in determining if the intervention as a whole impacted the
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practices of the attendees. An independent t-test was conducted for all baseline scores between
treatment and control groups to determine if these groups varied prior to intervention delivery.
Questions that had repeated measures in baseline, short, and long-term data collection
were divided into two groups; one focusing on the questions that were explicitly taught in the
intervention, and one focusing on questions that were not explicitly taught (See Appendix A for
distinction). Dividing the two groups allows information to be collected on how efficacious the
intervention was at teaching explicit behaviors versus providing information attendees could
carry over into other areas. A mixed-model analysis of variance (ANOVA) was performed to
detect differences in scores between subject groups at the baseline and short-term data collection;
the test was done for both taught and untaught questions. A repeated measures ANOVA was
performed on the scores collected from the treatment group at baseline, one month and four
months to determine the change in food preparation practices over time following the
intervention; this analysis was also done for both taught and untaught questions. A Bonferroni
adjustment was used to account for multiple comparisons, and effect sizes and p-values were
reported from these analyses.
All statistical data analysis was performed using IBM SPSS Statistics version 24. All
significance was defined as a p-value of less than 0.05.

Results
The control group consisted of n=23 tailgaters and patrons of the meat lab that did not
attend the intervention. After one month, n=9 participants in the control group completed a
follow-up survey, a response rate of 39%. There were n=107 participants in the in-person
intervention, with baseline survey responses from all participants. All participants were invited to
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complete the one-month follow up, which yielded n=41 responses, a response rate of 38%. All
one month responders (n=41) were sent the four-month follow up survey, which returned n=32
responses, a response rate of 78%. The breakdown of study participants is represented in Figure
2.2.

Figure 2.2 - Retention of participants in both treatment and control groups through all stages of
data collection.

Knowledge retention
Retention of knowledge was measured on a 1 (not knowledgeable) to 5 (very
knowledgeable) Likert-type scale (Table 2.1). A paired t-test of participants from the pre- and
one month-post assessment showed knowledge significantly increased (p<0.05) for lessons
addressing cross-contamination, cleaning and sanitizing, and handwashing (n=41). A similar test
showed sustained knowledge (p>0.05) between one and four months for cross contamination and
cleaning and sanitizing (n=32).
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Table 2.1 – Assessment of short- and long-term knowledge of treatment group, measured using a
Likert-type scale (1-5).
Preintervention
(n=107)

1-month postintervention
(n=41)

4-months postintervention
(n=32)

Average crosscontamination knowledge

3.2

4.3a

4.3

Average cleaning and
sanitizing knowledge

3.2

4.4a

4.3

Average handwashing
knowledge

3.8

4.5a

4.3b

Significance is defined as p<0.05
a
significant result between pre-intervention and one-month post-intervention in paired t-test of
n=32 participants retained throughout study
b
significant result between one-month post-intervention and four-months post-intervention in
paired t-test of n=32 participants retained throughout study

Thermometer use
Table 2.2 – Treatment group participants’ self-reported food thermometer usage.
Preintervention
(n=107)

1-month
postintervention
(n=41)

4-months postintervention
(n=32)

% who use a
thermometer

66%

95%

100%

Frequency of use
(Likert scale 1-5)

2.5

3.8a

4.1

Significance is defined as p<0.05
a
significant result between pre-intervention and one-month post-intervention in paired t-test of
n=32 participants retained throughout study
b
significant result between one-month post-intervention and four-months post-intervention in
paired t-test of n=32 participants retained throughout study
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Table 2.3 – Self-reported practices by treatment group participants who reported using food
thermometers.
Preintervention
(n=71)

1-month postintervention
(n=39)

4-months postintervention
(n=32)

2

2

2

Beef

63%

92%

94%

Pork

68%

69%

75%

Chicken

69%

74%

84%

Turkey

66%

36%

69%

Eggs

1%

-

-

Fish

11%

10%

16%

Other

1% (deer)

-

-

Intact

86%

90%

91%

Non-intact

26%

71%

67%

Digital

54%

92%

100%

Dial

53%

15%

13%

Pop-up

10%

5%

2%

Avg # times temp is taken
Animal product used on*

State of meat product*

Types of thermometers used*
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Table 2.4 – Treatment group participants’ self-reported measures for determining doneness of
meat products.
Preintervention
(n=107)

1-month postintervention
(n=41)

4-months postintervention
(n=32)

24%

28%

15%

19%

12%

13%

2%

-

95%

97%

Meat color

66%

Juice color

42%

Feeling meat

27%

Tasting product

10%

Food thermometer

52%

Cooking for specific time

40%

37%

24%

1% (smell)

-

-

Other

Cross-contamination
88% of participants in the treatment group initially said they were conscious of avoiding
cross-contamination, but a higher percentage (92%) reported separating utensils and dishes for
raw and cooked meat (n=107).
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Cleaning and sanitizing
Table 2.5 – Participants’ self-reported practices about washing meat prior to preparation.

Washing meat

Control
(n=20)

Pre-intervention
(n=107)

1 month post
intervention
(n=41)

4 months post
intervention
(n=32)

10%

34%

32%

55%

Habits after washing meat*
Clean sink

100% (n=2)

78% (n=36)

76% (n=13)

75% (n=17)

Sanitize sink

100% (n=2)

44% (n=36)

69% (n=13)

88% (n=17)
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Table 2.6 - Participants’ self-reported cleaning and sanitizing practices.
Control
(n=20)

Preintervention
(n=107)

1 month post 4 months post
intervention
intervention
(n=41)
(n=32)

Cleaning surfaces raw meat
touches

85%

90%

88%

78%

Sanitizing surfaces raw meat
touches

60%

60%

91%

94%

Cleaning utensils between
handling raw and cooked
products

85%

80%

88%

81%

Sanitizing utensils between
handling raw and cooked
products

35%

42%

84%

91%

Cleaning surfaces the meat
package lays on

65%

79%

88%

88%

Sanitizing surfaces the meat
package lays on

45%

43%

88%

75%

Hand soap and water

10%

25%

Dish soap and water

80%

78%

-

3%

Dishwasher

25%

30%

Disinfectant wipes

70%

50%

Sanitizer (specified below)

10%

6%

Cleaning and sanitizing habits*

Cleaning or sanitizing agents*

Just water

The specified sanitizer in the control group was Purell Food Service Spray (100%) (n=1,
who specified). Specified sanitizers from the treatment group included Fantastik (12.5%), bleach/
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Clorox (38%), baking soda solution (4%), diffarent (4%), Lysol (8%), Windex all purpose
cleaner (4%), antibacterial (4%), and Dawn (4%) (n=24).

Handwashing
Table 2.7 – Participants’ self-reported handwashing practices.
Control
(n=20)

Pre-intervention (n=107)

100%

98%

-

-

Just hand sanitizer

5%

1%

Don’t wash hands

-

1%

Dish towel

45%

25%

Paper towel

55%

57%

Before cooking

100%

96%

After handling raw meat

90%

94%

After handling unopened package of raw
meat

60%

65%

After using restroom

95%

94%

After touching pets/animals

65%

75%

Handwashing method*
Soap and water
Just water

Drying method*

When to wash hands*
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Tailgating and TE habits
Table 2.8 – Participants’ self-reported TE food preparation practices.
Control
(n=20)

Pre-intervention
(n=94)

Bring separate utensils for raw and cooked products

80%

71%

Clean utensils between handling raw and cooked products

50%

49%

-

3%

Has access to a handwashing sink while tailgating

30%

37%

Cleans hands with hand sanitizer

50%

63%

Cleans hands with disinfectant wipes

55%

40%

Preps food dishes before tailgating

95%

81%

Preps food dishes at the tailgate

30%

38%

Keeps leftovers > 4 hours after cooking

30%

46%

Discards uneaten leftovers within 4 hours

70%

48%

Utensils*

Use same utensils for raw and cooked products
Handwashing*

Food preparation*

Leftovers*

Key messages
Participants who attended the walk-through workshop were asked to recall up to four key
messages they learned one month following the intervention. Topics mentioned included using a
thermometer (66%), color not being a reliable indicator for meat doneness (63%), cleaning and
sanitizing (58%), and handwashing (32%) (n=41)*.
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Self-reported behavior change
After one month, 93% of treatment participants reported changing food safety behaviors
as a result of the intervention (n=41). 61% of participants reported changing their handwashing
habits as a result of the intervention (n=41). Those that reported changing the practices (n=25)
reported changing them in the following ways: method of drying hands (32%), frequency of
handwashing (28%), proper steps of handwashing (28%), and length of handwashing process
(20%). 41% of participants reported still enacting their changed handwashing habits after 4
months as a result of the intervention (n=32). Those that reported changing the practices (n=21)
reported changing them in the following ways: method of drying hands (33%), frequency of
handwashing (29%), proper steps of handwashing (19%), and length of handwashing process
(39%). 85% of participants reported changing some aspect of their cleaning and sanitizing habits
as a result of the intervention (n=41). The most commonly reported change was the addition of
sanitizing practices in 25% of individuals (n=35). 81% of participants reported having still
changed some aspect of their cleaning and sanitizing habits after 4 months as a result of the
intervention (n=32).

* For these questions, participants were able to choose all answers that apply to them.

Discussion
An independent t-test on the summed score of recommended practices compared initial
practices for the treatment and control groups. The total possible score was 37, and mean scores
from the treatment and control groups were calculated to be 33 and 35, respectively. The t-test
showed no significant difference in these means (p=0.84), suggesting that although derived from
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a convenience sample, the control group and treatment group were overall similar enough at
baseline to show representativeness of temporary event attendees at PSU.
A mixed-methods ANOVA of the treatment and control group scores for the questions
explicitly taught during the intervention revealed a between group significant difference in mean
scores from baseline to one-month data collection with an interaction of the subjects’ participant
group (p<0.001, partial eta squared=0.143). These results suggest that an increase in
recommended practices for taught questions is dependent upon the group (treatment or control)
the participants were in; thus, the information taught in the intervention aided in increasing
treatment group members’ recommended food preparation behaviors. A similar mixed-methods
ANOVA was performed for questions that were not explicitly taught in the intervention to see if
participants were able to apply the information to scenarios that were not discussed. A significant
difference between control and treatment mean scores was seen with time as a main effect
(p<0.001, partial eta squared=0.77); however, when testing the interaction between participant
group and time, no significant difference (p=0.99, partial eta squared <0.001) in mean scores was
detected for these non-explicit questions. Results from these analyses show that the intervention
was effective at improving recommended food preparation practices for questions relative to
intervention content, but any differences seen in areas not explicitly covered in the intervention
cannot be attributed to the intervention. Future implementation should account for this by
explicitly teaching all important information instead of assuming participants can carry over
knowledge into other practices.
A repeated-measures ANOVA was performed on treatment group scores at all three data
collection points. For questions explicitly taught in the intervention, within subject effects were
detected (p<0.001, partial eta squared=0.79), showing that there is a difference in mean scores
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over time. A pairwise comparison further analyzed between which data collection points
significant effects were seen, and a Bonferroni correction adjusted for multiple comparisons.
Significant increases were detected (p<0.001) between baseline and one month and between
baseline and four months for the questions explicitly covered in the intervention. No significant
differences in mean scores were detected (p=1) between the one-month and four-month data
collection points. These results suggest that for questions on material covered in the intervention,
an increase in recommended practices was seen between baseline and one month and the
increase was sustained through four months. For questions not explicitly covered in the
intervention, significant differences in mean scores were seen between baseline and one month
(p=0.003), baseline and four months (p<0.001), and one month and four months (p=0.002). Data
from these analyses suggest that although the treatment group saw significant increases in
recommended practices for questions both taught and not explicitly taught during the
intervention, the increase in recommended practices was quicker and sustained for the
information explicitly taught; the practices relevant to the not explicitly taught information saw a
more gradual increase in recommended practices. This supports the earlier suggestion that all
pertinent information should be taught during an intervention instead of making assumptions that
attendees can quickly carry over information into other areas.
Knowledge retention results represent that the intervention executed in this study
increases knowledge of cross-contamination, cleaning and sanitizing, and handwashing.
Although statistical analysis revealed that knowledge of handwashing was significantly lower at
four months, the self-reported average knowledge of participants was sustained through four
months for all other topics covered in the intervention. As a result of this intervention,
participants may feel more informed about topics covered. Traditional behavior change models
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demonstrate that an increase in knowledge is not equivalent to a change in behavior, but
knowledge can influence factors such as perceived behavioral control that can contribute to
behavior change (Ajzen & Fishbein, 1970; Michie et al., 2011; Rosenstock, 1974).

Thermometer use
The initial percentage of people who use food thermometers was higher in this study than
in other similar studies (Yavelak et al., 2018). The increased number of thermometer users may
be from a bias associated with using patrons of the PSU Meats Lab, which is affiliated with the
university’s Animal Science and Food Science departments. The percentage did increase through
the first month of the data collection and resulted in all participants reporting the continued use
of thermometers after four months (n=32).
Participants did not report using food thermometers on all animal products, showing a
gap in thermometer use even for those who already used them. Initially for both the control and
treatment groups, beef was not reported as the most likely food to use a thermometer on;
however, following the intervention, the beef category saw a positive change in thermometer use.
Other commodities such as pork and chicken saw smaller increases, and few commodities such
as turkey, eggs, and fish saw little to no increase in thermometer use. These results are unsurprising due to the fact that this project was beef-specific. Since beef was not the only
commodity that had an increase in thermometer use, these results suggest that this intervention
provided core information that allowed participants to apply it in ways other than those directly
specified, though in a less effective way than what was explicitly covered. Subsequent
interventions could be implemented to focus on other muscle food commodities, or could focus
on a more diverse approach to equally incorporate all muscle foods.
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The use of thermometers on intact vs. non-intact muscle foods is an area that had not
been included in previous studies of this nature. Translocation of surface bacteria into muscle
foods during the grinding or tenderization processes presents a risk that may be unknown to
consumers (Luchansky, Phebus, Thippareddi, & Call, 2008). Although there was an increase of
thermometer use on intact muscle foods, a larger increase occurred with use on non-intact foods.
Therefore, the information in the thermometer use station was sufficient enough to convince
participants to start using their thermometers on non-intact portions of meat. A knowledge gap
between intact and non-intact does still exist, and future efforts should attempt to lessen that gap.
Initially, participants reported using digital, dial, and pop-up thermometers, with the
majority using digital, dial, or both types. There was an increase in use of digital thermometers
following the intervention; this increase was expected since participants were given digital, tipsensitive thermometers at the intervention. A subsequent decrease in the amount of dial and popup thermometers was seen, indicating that most participants primarily use a digital thermometer.
Digital thermometers are recommended because they give a numerical output and their correct
placement can be more easily perceived due to tip-sensitivity. This intervention’s success in
converting participants to digital thermometer users was successful and should be equally
emphasized in future interventions.
Participants were initially asked how they determine the doneness of meat products.
Subjective measures such as looking at meat color, juice color, texture, and time were selected
most frequently; none of these measures take into account potential differences in perceptions or
heat source intensity. Fifty-two percent of participants initially selected the “use a thermometer”
response as one of the ways that they determine doneness, which is less than the amount who
responded that they use a thermometer at the beginning of the survey (n=107). Differences in
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these results could show potential social desirability bias, wherein participants may have
answered yes to the question about thermometer use because they suspected that was the correct
answer (Fisher, 1993). This suggests that in self-reporting data, asking how participants
determine doneness may provide a more conservative estimate of thermometer users. In the
follow-up surveys, not only did the percentage of participants who chose thermometer use as a
method to determine doneness increase, but the amount of participants who chose less reliable
methods (meat color, juice color, feeling meat, cooking for a specific time, and tasting product)
decreased. Thus, the intervention was informative enough to emphasize the accuracy of
thermometer use and the potential inaccuracy of some other doneness methods.

Cleaning and sanitizing
Washing meat, especially poultry, is a practice that consumers believe to be beneficial to
preparing a safe product. The practice of washing meat often spreads present bacteria to other
surfaces and foods in the kitchen, and is therefore not a recommended practice (Everis & Betts,
2003; Henley, Jeanne, & Quinlan, 2016). Meat-washing practices were assessed using indirect
questioning in order to receive more accurate self-reported practices (Fisher, 1993). The question
was included as an option for participants to select as one of their cleaning and sanitizing habits,
which may have lead them to answer honestly instead of answering based off social desirability
bias.
A larger percentage of participants in the treatment group initially reported washing meat
before cooking than in the control group. Between one and four-months post-intervention, the
number of participants who engaged in this behavior actually increased, which is counter to what
was taught in the intervention. The number of respondents who washed their meat then washed
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the sink afterwards saw little change after the intervention; but, an increase was seen in the
amount of people who reported sanitizing their sink after washing meat. This data suggests that
the intervention was unsuccessful at changing the meat washing behavior of the individuals in
the treatment group, but was partially successful in convincing those engaging in the risky
behavior to add another step to mitigate some risk.
In terms of cleaning and sanitizing habits, more participants in both the control and
treatment groups initially reported cleaning surfaces and utensils than sanitizing surfaces and
utensils. Following the intervention, sanitizing behaviors increased. The most common method
for cleaning was using soap and water, and the most common sanitizing method was with
disinfectant wipes. The intervention focused on disinfectant wipes when discussing how to clean
and sanitize at tailgates, which according to these results is aligned with what this population of
TE users is already familiar with.

Handwashing
Almost all participants in the treatment and control groups reported washing hands by the
recommended method of soap and water (Jensen, Danyluk, Harris, & Schaffner, 2015; U.S. Food
and Drug Administration, 2017). Although many participants reported using a dish towel to dry
their hands, the majority of participants (>50%) in both groups followed the recommended
drying method of using a paper towel (Jensen et al., 2015). Almost all participants reported
washing hands after handling raw meat, after using the restroom, and before cooking; but, fewer
participants reported washing their hands after touching pets or animals and after handling an
unopened package of raw meat.
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An interesting finding regarding the handwashing results is that the participants initially
reported following the recommended steps, but the knowledge of proper handwashing steps was
the only knowledge retention topic that was not sustained through the entire four months.
Potential reasons for this may be that participants did not retain as much information from the
handwashing portion of the intervention because they were already more knowledgeable about it
as compared to other topics, or because handwashing is such a common practice that it would be
more difficult to change how a participant does it.

Tailgating
The majority of participants bring separate sets of utensils for handling raw and cooked
food when preparing food at tailgates. Another large percentage reported cleaning utensils
between handling raw and cooked foods. These are both recommended practices for handling
utensils at tailgates and were supported in the intervention with the discussion about using two
disinfectant wipes to clean and sanitize utensils between handling raw and cooked food and after
use (United States Department of Agriculture Food Safety and Inspection Service, 2011). The
percentage of participants who have access to a sink while tailgating is likely larger than what
would be seen at other tailgating sites, due to PSU’s large amount of recreational vehicles (RVs)
at tailgates. Additionally, this survey was only conducted with adult tailgaters and did not
account for those in student lots which, at most tailgating locations, lack permanent bathrooms
with running water. Still, most participants in both groups reported cleaning their hands with
either hand sanitizer or disinfectant wipes. Hand sanitizer is not recommended as a replacement
for handwashing due to its variability in efficacy and inability to physically remove
microorganisms (Centers for Disease Control and Prevention, n.d.). Although using disinfectant
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wipes is not a perfect substitute for handwashing altogether, in situations where running water is
not available, it offers sanitization plus an additional physical removal component from wiping
compared with hand sanitizer, which only offers sanitization and does not physically remove
bacteria from hands.
Most participants reported preparing food before arriving at the tailgate, but some
reported preparing food while at the tailgate. This information allows future research to target
timing of these interventions and suggestions for safe preparation in both tailgating and pretailgating settings. In the initial surveys, most participants in both groups reported discarding
leftovers within four hours. However, some did report that they kept leftovers at tailgates for
longer than four hours after it was prepared. Due to the typical length of tailgating events and
lack of temperature-regulated cooling facilities, education on chilling at tailgates is not as
pertinent as the recommendation to discard leftovers.

Limitations
As with any self-reported data collection study, participants may have reported untrue
answers that they thought were the correct or wanted responses. Participants were also informed
before the start of the intervention via distributed marketing materials that the workshop focused
on food safety and thermometer use. The knowledge of this also adds to the uncertainty of the
self-reported answers’ validities.
Upon arrival at the meat sale, subjects in the intervention group took a baseline survey to
determine their current food safety habits. Similarly, for subjects in the control group that were
selected at random at the tailgate, the baseline information was collected in person. For the meat
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lab patrons that were in the control group, the baseline data was collected via online surveys.
Differences in these data collection methods could have impacted the results.
All participants did not respond to the initial follow-up survey, and those that did not
participate in the one-month follow-up survey were not sent the four-month follow-up survey.
Additionally, no data was collected from the control group after four months. Failure to have the
same participants in all three surveys added to the difficulty of comparing the results. When
possible, paired analyses of the same n=32 participants who completed all surveys were done to
provide the most robust comparison of how knowledge and practices changed over time.

Conclusion
Despite the many food safety resources available for the public, many consumers,
specifically TE participants, practice risky food safety behaviors during food preparation. Results
from this study demonstrate that hands-on stations centered around TE-specific risk factors can
both significantly and practically increase knowledge and sustainability of self-reported safe
practices of TE participants over a four-month period. As several food preparers at TEs have not
received professional food safety training, education and skill-building that leads to proper food
safety behaviors is crucial in reducing the amount of improper food safety behaviors at TEs. The
practicality and effectiveness of this intervention makes it an ideal option for educating future
TE-specific audiences.
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CHAPTER THREE:
Educating North Carolina Youth Using a Beef-specific Food Safety Day Camp

Introduction
Despite its downward trend in national consumption since the 1970s, beef consumption
in North Carolina has increased since the 1980s (North American Meat Institute, 2016). Since
beef is a major agricultural staple to the food industry, consumer knowledge of the beef industry
and beef-specific food safety information is important to cultivating well-informed consumers
and preventing foodborne illness (FBI) associated with beef products. Beef is associated with
29% of all FBI and 22% of FBI-related deaths (Painter et al., 2013). E.coli O157:H7 and other
types of Shiga toxin-producing E.coli (STEC) are the pathogens most frequently associated with
beef-related foodborne illness. Complications with STEC-associated foodborne infections
include Hemolytic Uremic Syndrome (HUS), which can result in kidney failure and death in
highly at-risk populations. Approximately 14% of children who are infected with E.coli
O157:H7 develop HUS; children under 5 years old are most susceptible (Bell et al., 1997;
Ostroff, Kobayashi, & Lewis, 1989; Rowe et al., 1998; Wong, Jelacic, Habeeb, Watkins, & Tarr,
2000). Other susceptible populations are the elderly, pregnant women, and immunecompromised individuals.
Research in United States (U.S.) health intervention programs show that reaching specific
consumer groups is difficult (Bonevski et al., 2014; Cunningham Erves et al., 2017). Although
public health programs exist for both adults and youth, involvement in such programs is easier
for youth because they are often in conjunction with other school-based or after-school
programs. Barriers such as employment, childcare, and lack of awareness can prevent adults
from utilizing educational programs in their communities. Behavioral food safety research
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highlights that many adult consumers do not follow recommended practices when preparing beef
products (Phang & Bruhn, 2011; Yang, 2018). Current attempts to reach adult consumers utilize
mass communication due to the barriers inherent in attending in-person programs. As more
psychologists are emphasizing the importance of parental roles in learning, this study explores
potential impacts of parental education on youth educational programs (Thomas, Free De
Backer, Peeters, & Lombaerts, 2019).
In North Carolina, opportunities for youth to engage in educational opportunities and
competitions surrounding the live side of livestock (e.g. beef cattle livestock competitions) are
available; however, subject matters of such programs lack incorporation of beef preparation and
food safety. To fill this gap, North Carolina Cooperative Extension specialists collaborated with
4-H specialists and the North Carolina Cattleman’s Association in 2014 to create a “Beef BBQ
Bootcamp” program to educate youth on the importance of the beef industry (Arnold, in
preparation). The resulting camp was administered five times in various regions across North
Carolina, and has shown promising results in changing the knowledge and attitudes of youth
participants.
Despite its success in educating North Carolina youth on the beef industry, there were
gaps in the initial Beef BBQ Bootcamp, specifically related to incorporation of engaging and
interactive food safety information. Beef BBQ Bootcamp dedicated a presentation to foodborne
illness and beef safety topics, but feedback from youth participants indicated a desire for more
hands-on learning. Various educational psychology components and behavior change theories
were used to revise Beef BBQ Bootcamp to incorporate more effective learning into the
program; these components are described in the program design section of this paper.
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A youth-specific day camp focusing on beef food safety and fire safety was designed and
implemented to study the effectiveness and impact of an intervention utilizing health behavior
principles on food safety behavior change predictors of youth participants. Objectives of the
intervention were to deliver actionable food and fire safety topics that would provide youth
participants with opportunities to practice recommended behaviors in future food preparation
situations.

Materials and Methods
Program design

Figure 3.1 - Logic model depicting program inputs, outputs, and impacts.

Effect theories in program design
As this program aims to provide education that will result in improved food safety
behaviors, various effect theories were utilized to maximize program outcomes. The utilization
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of the theories discussed varies from the program content design and implementation strategies
to the methods used to evaluate program efficacy.
Theory of multiple intelligences. In Frames of mind: The theory of multiple
intelligences (1983), Dr. Howard Gardner identified seven distinct intelligences describing how
learning is accomplished among different people: visual-spatial, bodily-kinesthetic, musical,
interpersonal, intrapersonal, linguistic, and logical-mathematical; Gardner later added naturalistic
as an eighth intelligence (Gardner, 1983).
Formal learning systems often neglect multiple intelligences both when teaching and
assessing youth; therefore, intelligences were incorporated into the BBQ Bootcamp structure to
maximize learning potential in all youth participants. In total, seven of the eight intelligences
were utilized in the final version of BBQ Bootcamp, and one intelligence—musical—was not
included due to lack of feasibility. Table 3.1 depicts the incorporation of the seven (feasible)
learning styles into the program.

Table 3.1 - Incorporation of multiple intelligences into program (Gardner, 1983).
Intelligence
Visual-spatial
Bodilykinesthetic
Interpersonal
Intrapersonal
Linguistic
Logicalmathematical
Naturalistic

Program component(s)
Observing instructor-performed demonstrations; supplementary images located in
BBQ Bootcamp booklet
Performing various hands-on activities; moving between program components (ex.
stations)
Working with group members to brainstorm, answer questions, collaborate,
problem solve, ask questions, and think critically
Completing the pre- and post-test independently; answering and asking questions
independently
Referencing textual information located within program materials
Learning internal cooking temperatures and how they relate to refrigerator
organization
Utilizing outdoor space for grilling demonstrations and food preparation
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Assessment strategies. Educational assessments provide a basis for making decisions
about course structure. Two categories of assessments exist: 1) formative, which evaluates
student learning and performance throughout a course; and 2) summative, which evaluates
student learning after the program has been completed (Brookhart & Nitko, 2014).
Formative assessments typically include more informal strategies that allow instructors to
adjust lessons before completion (Brookhart & Nitko, 2014). During BBQ Bootcamp, formative
assessments were executed throughout the program through instructor-led questions/assessments
during overviews, demonstrations, and activities. Students who did not attempt questions or
failed to answer the questions correctly alerted the instructor to further explain the missed
concept before ending the lesson.
Summative evaluation is usually obtained through traditional assessments or tests. BBQ
Bootcamp assessed students learning in a summative manner in two distinct ways: 1) comparing
pre- and post-test scores to measure how much youth participants learned throughout the
program; and 2) providing youth participants the opportunity to apply knowledge and skills
obtained throughout the program to a real food preparation scenario. Whereas the pre-and posttests gave a quantitative measure of learning, the utilization of gained knowledge and skills was a
qualitative assessment.
When outlining intended outcomes of education, taxonomy utilization distinguished the
learning types expected from instruction. Three educational taxonomies developed from 19561972 and revised in 2001 represent the most common classifications of learning objectives: 1)
the cognitive domain assess thought process and knowledge; 2) affective domain assesses
attitudes and beliefs; and 3) psychomotor domain assesses utilization of skills (Anderson et al.,
2001; Bloom & Krathwohl, 1956; Harrow, 1972; Krathwohl, Bloom, & Masia, 1964). Each
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educational domain is broken down into subcategories of domains to further outline specific
reasoning behind learning objectives. Table 3.2 outlines the utilization of taxonomies and
domains in the BBQ Bootcamp program.

Table 3.2 - Incorporation of taxonomies into program components (Anderson et al., 2001; Bloom
& Krathwohl, 1956; Harrow, 1972; Krathwohl et al., 1964).
Taxonomy/Domain
Cognitive

Knowledge

Comprehension
Affective
Psychomotor

Program Component
True/ False questions
Multiple
choice questions
Pre- and post-test questions
Short answer questions
Pre- and post-test questions
Identification questions
Pre- and post-test questions
Short answer questions
Hands-on activities
Food preparation

Implementation of Targeting Life Skills. The framework behind 4-H programming,
which is a national standard for youth program development, is known as the Targeting Life
Skills Model (Hendricks, 1998). To fully develop participant understanding of subject material
and maximize success as a youth program, the following skills were incorporated into the BBQ
Bootcamp program: critical thinking, problem solving, communication, teamwork, cooperation,
leadership, social skills, and confidence.
Informal learning. Many educational studies have shown the value of including
informal learning in educational programs (Burguillo, 2010; Gilliam et al., n.d.; Hernández,
n.d.). The BBQ Bootcamp Challenge component of this program was structured to combine
competition-based learning (CnBL), problem-based learning (PBL), and collaborative-based
learning (CBL) in a game-like way to motivate youth participants to learn and achieve during the
program (Burguillo, 2010).
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Youth participants were divided into five groups before the program began, and each
group was challenged to compete with the other groups throughout the camp to answer questions
and use logic to reason through problems. Correctly performing actions earned points; the group
with the most points at the end of the camp won the challenge. The winning outcome of the
challenge was unrelated to an individual’s learning, which distinguished this competition-based
learning from competitive-based learning (Burguillo, 2010). In BBQ Bootcamp, the CnBL was
implemented to encourage group members to answer questions and solve problems brought forth
by instructors and otherwise be engaged in the material. By having allegiance to a team,
participants were able to demonstrate social constructivism by learning through their interactions
with other youth.
While CBL is achieved when participants are able to work in small groups or pairs to
exchange information among themselves, PBL is characterized by an instructor proposing a
problem to be solved (Burguillo, 2010). The activities that made up the challenges and
eventually awarded points to groups required youth participants to collaborate as a team,
allowing them to recount and rephrase information learned in ways that other group members
may have better understood. Encouraging groups to work through problems in a supervised
setting strengthened their individual abilities to navigate future food preparation situations.

Program Component Creation
Content
BBQ Bootcamp instructional content was designed to mimic farm-to-fork practices,
representing the entire spectrum of the beef product industry following slaughter. Following this
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logical sequence of events, youth participants learned about the agricultural and beef industry,
the retail food safety sector, and finally their own personal role in preventing foodborne illness.
Each section of BBQ Bootcamp is described below; but, a more exhaustive description of each
program component can be found in Appendix C.
The first topic covered was beef butcher primals and the retail cuts derived from each
primal. As this camp was designed to make participants more informed consumers, emphasis
was placed on the physiological aspects of cows and the changes that occur to their muscle
texture. Participants were able to “build” a beef carcass as popular retail cuts and describe their
preferred preparation methods.
Since STEC is the primary pathogen associated with beef-related foodborne illness, the
specifics of STEC were taught in great detail with sources, symptoms, and potential health
complications. The differences between generic E.coli and pathogenic E.coli (i.e. STEC) was
emphasized, in which the latter is the only type that can cause human illness. The routes of beef
product contamination during slaughter (butchering and evisceration) were also emphasized. The
distinction between the two groups of E. coli was important to teach the true incidence of STEC
in beef and to dispel untrue perceived threats (Rosenstock, 1974).
Youth were taught to recognize that beef products can occur in two forms, intact and nonintact. Pathogen internalization of STEC or other bacteria was explained both verbally and
illustrated through a demonstration to inform participants about the difference in end-point
cooking temperatures for intact beef products (such as steaks) and non-intact beef products (such
as burgers) (Luchansky, Phebus, Thippareddi, & Call, 2008).
FBI statistics were provided to give youth participants a science-based perceived threat,
as studies show many consumers do not feel at risk for FBI (Redmond & Griffith, 2004;
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Rosenstock, 1974). Populations most at risk for FBI were included because young children are
among those populations. Education provides participants with true knowledge of the risk of FBI
for themselves or their families. Content related to food safety risk prevention was adapted from
the Centers for Disease Control and Prevention (CDC) and World Health Organization (WHO)’s
five main contributing factors for foodborne illness. Prevention methods included buying food
from safe sources, practicing personal hygiene, keeping food out of the Temperature Danger
Zone (TDZ) (where bacteria rapidly multiply), preventing cross-contamination, and cooking
food thoroughly (Centers for Disease Control and Prevention, 1996; World Health Organization,
2006). Proper handwashing and thermometer use were two skills emphasized when discussing
risk prevention methods. Each factor included definitions of the terminology and action items
that can be implemented by consumers to minimize the risk at that step.
The final segment of BBQ Bootcamp focused on grilling safety. An estimated 63% of
consumers who own grills use them to prepare food year round, thus, lessons developed around
this topic aimed to educate the young consumers on the best and safest grilling practices (Larry
Olmsted, 2016). Participants learned about differences in consumer grills, such as charcoal, gas,
and electric, and reasons one may choose each type of grill. Safe grilling practices, such as
proper placement of grills away from buildings and never leaving grills unattended were
discussed. Participants practiced lighting grills and gained skills through supervised practice.

Pre- and post-tests
Pre-and post-tests (Appendix F and Appendix G) were adapted from the pilot
implementation of Beef BBQ Bootcamp (Arnold, in preparation). Three distinct sections were
featured throughout the tests that measured self-efficacy, knowledge, and intentions of youth
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participants before and after attending BBQ Bootcamp. These measures were chosen to quantify
various factors that contribute to health behavior change (Ajzen & Fishbein, 1970; Rosenstock,
1974).
Both the pre- and post-tests contained identical questions related to youth confidence
about various topics. Questions gauged youth’s confidence of topic acquisition through a Likerttype scale (1=not confident to 3=extremely confident). Pre- and post-test results demonstrated
success in improving the self-efficacy of youth about beef food safety and fire safety topics.
Questions related to knowledge included both multiple choice and short answer
questions. Some questions measuring knowledge were identical in both tests while others varied
in question type or the specifics of the question itself. Comparisons in this section illuminate
youth knowledge change related to BBQ Bootcamp, although the questions that varied are not
ideal indicators for quantifying this change.
The third measurement performed by the pre-and post-tests was intention to perform and
advocate for recommended food safety behaviors. Youth were asked on each test about
intentions to perform actions and share knowledge with others after attending the camp. Since
true behavior change cannot be measured following this type of group intervention, the use of
intention questions allowed for a measurement of a predictor of behavior change (Ajzen &
Fishbein, 1970).

Booklet
An informational booklet was created to supplement learning during the program and
provide a resource for future reference. The booklet included extensive information from all
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program components, as well as space for youth to write their own notes. Information was
supplemented with pictures to engage both visual-spatial and linguistic learners (Gardner, 1983).

Program Implementation
Site selection and marketing
BBQ Bootcamps were held in two different regions (Wake and Gates counties) of North
Carolina. The locations were chosen based on convenience and interest of county extension
personnel. Marketing for each class was conducted at least one month prior to the class, and
included promotion by Family and Consumer Science (FCS) and 4-H Extension agents. Youth
participation was capped at 25 students to allow ideal space for program implementation. The
camp also served as a train-the trainer program for extension agents interested in becoming
instructors for future BBQ Bootcamps.

Instructor training
Researchers who designed the program acted as the lead instructors at all camps included
in this study. Extension-based individuals who wished to serve as additional instructors were
trained on the program’s content and fidelity prior to serving as an instructor. An excerpt from
the manual used to train adjunct instructors is included as Appendix C. Interested volunteers who
wished to assist by serving as group leaders were briefed on their responsibilities before the
program began.

Supplies and set-up
Supplementary materials including a list of supplies and a budget can be found in
Appendix D. The training manual in Appendix C also contains instructions for room set-up. The
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layout was intended to ensure that all participants could engage in all activities and
demonstrations.

Instructional delivery
To vary methods of instruction throughout the day-camp and increase the amount of
youth participation, BBQ Bootcamp included three styles of education.
Overviews at each station included a short lecture about a food or grilling safety topic,
intended to increase the youth participants’ knowledge of the topic. BBQ Bootcamp contained
six overviews on the following topics: farm-to-fork practices, STEC and beef contamination,
foodborne illness, grill types and safety, grill lighting, and handwashing. Each overview was 510 minutes in length and was administered by the instructor leading that section; participants
were able to follow along in their booklet. During overviews, instructors asked questions that, if
answered correctly, could contribute competition points to groups.
Hands-on activities were activities that youth participants possessed a role in, whether
individually or as part of a PBL challenge. The five hands-on activities included were: cuts of
beef, grill lighting, handwashing, thermometer use, and food preparation. Activities typically
occurred before or after an overview and were intended to either assess knowledge prior to the
overview or recount information following the overview. Hands-on activities were designed to
facilitate skill-building and promote empowerment of students to practice newly acquired skills.
Demonstrations were similar to activities, but executed only by the instructor to further
illustrate a difficult concept. These were highly visual and intended to give the youth participant
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a deeper understanding of the knowledge gained in an overview. BBQ Bootcamp contained two
demonstrations on meat grinding and grill lighting.
BBQ Bootcamp was structured to alternate between instructional methods to keep the
camp continuously moving, which intended to increase attention of participants. The program
schedule was arranged to ensure that each section of the program was short enough to keep the
youth engaged, but long enough for in-depth education. A schedule of events is presented in
Appendix E.
The camp concluded with the food preparation activity, in which participants utilized
their newly acquired knowledge and skills in a real food preparation scenario. Group leaders
assisted youth when needed, but the main goal of this activity was to encourage youth to prepare
their own lunch, increasing their self-efficacy to independently practice the recommended food
safety skills in future food preparation situations.

Results
A total of n=40 youth attended BBQ Bootcamps in two locations across North Carolina
from July 2017 to April 2018. Eleven instructors were trained on BBQ Bootcamp facilitation
during the camps or at separate training sessions.

Youth pre- and post-tests
Self-efficacy measures
Before and after attending BBQ Bootcamp, participants were asked to evaluate their
confidence in the major topics covered in the intervention on a Likert-type scale. The average
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results are depicted in Figure 3.3. Results related to youth self-efficacy were compared using a
paired t-test to obtain a true measure of whether individuals improved their confidence between
the pre and post-tests. A p-value of < 0.05 defined significance in pre- and post-test values. All

Mean Likert-type Scale Score

eight topic areas had a significant increase in youth confidence (Figure 3.3).
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Post-test

Figure 3.3 – Youth self-reported self-efficacy about topics covered during BBQ Bootcamp using
a Likert-type scale.

Knowledge measures
There was a 40% increase in the amount of youth participants who chose all correct
populations most susceptible to foodborne illness between the pre-and post-test (n=40).
Although 50% of youth chose the correct definition for the TDZ before the intervention, 70% of
youth were able to recall both minimum and maximum temperatures for the TDZ during the
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post-test (n=40). Knowledge of safe distance between lit grills and buildings increased from 35%
to 85% (n=40).
A chi-square significance test showed significant increases in the knowledge of safe
internal temperatures for burgers (p<0.001) and intact steak (p<0.001). After attending BBQ
Bootcamp, youth correctly recalled safe internal temperatures for burgers (90% of youth), intact
steak (67.5% of youth), cubed steak (37.5% of youth), and needle-tenderized steak (52.5% of
youth) (n=40)(Figure 3.4). Burgers and intact steak were explicitly mentioned during the camp,
while the participant had to use critical thinking to apply the concepts to the two other types of
beef.

% correct responses

100
80
60
40
20
0
Burger

Steak

Cubed steak

Needle-tenderized
steak

Figure 3.3 – Youth knowledge of recommended internal temperatures of intact and non-intact
beef products.

Intention measures
There were no significant differences detected (p>0.05) between the pre-and post tests for
how often youth intended to wash their hands before cooking and after touching raw meat as

68
measured by a paired t-test of Likert-type scale responses (Figure 3.4). There was a significant
increase in how often youth intend to use a food thermometer after attending BBQ Bootcamp
(p<0.001) (Figure 3.4). After attending the camp, 95% of youth reported intending to share
information learned in the camp with family and friends and 100% of youth reported intending to
use a food thermometer when cooking meat products, either sometimes or always (n=40).

Mean Likert Scale Score
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Figure 3.4 – Youth self-reported baseline practices and intentions after attending BBQ
Bootcamp, measured using a Likert-type scale.

Extension agent feedback
During an FCS agent training session on the implementation of BBQ Bootcamp, agents
provided feedback on the program and the feasibility of future implementation. Major themes
included camp implementation, cost, and scheduling with other extension personnel. All agents
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who had participated in the training were confident in their abilities to coordinate a BBQ
Bootcamp in their own county. Agents planned to do so within the following year (n=6).

Discussion
The results from this study give insight into the efficacy of a beef-specific food safety
day camp implemented in two different geographic regions of North Carolina. For all eight key
topics of the camp, participants’ confidences related to each topic significantly increased
following attendance. At the program conclusion, youth felt most confident about fire and grill
safety, handwashing, and cross-contamination; these topics also had the lowest amount of change
associated with the program. This suggests that youth were fairly confident with these three
topics before attending BBQ Camp, but became even more confident as a result of the camp. For
confidence of knowledge about pathogenic E.coli, types of grills, and internal cooking
temperatures, average youth confidence increased more than one point on a scale of 1-3. These
topics represent areas of study not frequently discussed in current youth education, which
allowed opportunity for a large gain in self-efficacy towards these topics. Confidence in
knowledge of the cuts of beef was the lowest scoring in initial confidence and saw the least
change in preparation confidence between pre- and post-test scores. Educating youth on the eight
beef primals and the most common of the 40+ retail cuts that derive from these primals was
balanced between giving enough information but not overloading youth with unnecessary
knowledge. Although confidence in beef cuts was not as high specifically from BBQ Bootcamp,
the booklet provided to youth participants included a page dedicated to the primals and retail cuts
and provided them with tools to help them in future situations.
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Since measuring the internal temperature with a food thermometer is the only
scientifically proven way to objectively determine when meat is fully cooked, education focused
on food thermometer use was an important part of this intervention (Lyon, Berry, Soderberg, &
Clinch, 2000; United States Department of Agriculture Food Safety and Inspection Service,
2013). To increase the effectiveness of this camp for realistic situations for participants, more
emphasis could be placed on distinguishing intact and non-intact beef; more participants
correctly described the safe internal temperatures of beef products explicitly described in the
curriculum (burgers and steaks) than those not mentioned (cubed steak and needle tenderized
steak). Various behavior change literature attributes changing health behaviors to intentions,
knowledge, self-efficacy, and opportunity; all aforementioned factors were improved related to
thermometer use of youth participants (Ajzen & Fishbein, 1970; Michie, van Stralen, & West,
2011; Rosenstock, 1974) Participants’ self-efficacy and knowledge of internal cooking
temperatures increased, and 100% of participants intended to use thermometers after attending
BBQ Bootcamp (n=40). Additionally, acquiring a food thermometer and practicing thermometer
placement gave all participants the opportunity to correctly use food thermometers in the future.
As various literature shows that many consumers do not use food thermometers, the success of
this camp in contributing to behavior change can hopefully be used to train future consumers on
recommended food safety practices (Kosa, Cates, Bradley, Chambers IV, & Godwin, 2015;
Yang, 2018; Yavelak, Chapman, Cope, & Hochstein, 2018).
Youth reported an intention to share knowledge from BBQ Bootcamp with others; since
availability of adult food safety programs and attendance at such programs is limited, educating
youth has potential to impact parental food safety knowledge, attitudes, and behaviors. Future
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iterations of this program should include a self-reported survey for parents about participants
sharing information learned in BBQ Bootcamp.

Limitations
The implemented BBQ Bootcamp aimed to use scientifically valid knowledge on health
behavior change to impact youth knowledge, attitudes, and skills surrounding beef and fire
safety, but limitations with this approach do exist. Quantifiable measures taken via pre- and posttests represent self-reported intentions and practices, which could be subject to social desirability
bias (Fisher, 1993). Some questions differed in type between the pre- and post-tests (i.e. multiple
choice on pre-test and short answer on post-test), making comparisons of these questions
difficult.
Intervention site selection was done as a convenience sample based on interest, with
recruitment primarily done by extension personnel. There is a possibility that youth who attended
the camp had a greater interest in the subject matter than the general youth population, which
could impact conclusions of intervention efficacy.
This intervention was designed, implemented, and evaluated as a whole. Due to this,
success cannot be attributed to any one project component. If any activities or components are
isolated, varying effectiveness in impacting behavior change factors may result.

Conclusion
The hypothesis that an in-person, youth food safety intervention focused on beef and fire
safety would effectively impact behavior change components of participants was tested and
supported through quantitative data analysis. Youth increased knowledge and self-efficacy of
major foodborne illness and fire safety topics, and underwent exercises to refine necessary skills
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for practicing recommended food safety behaviors. This study represented the implementation of
the camp in two locations in North Carolina, so efficacy may not be generalizable to other
geographic locations. Although a major limitation associated with future implementation is cost,
the intervention’s effectiveness suggests that future BBQ Bootcamp implementation would be
beneficial for North Carolina youth.
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CONCLUSION
No matter the method of delivery, food safety information must be communicated to
consumers using proper risk communication strategies while utilizing knowledge on human
behaviors and limitations to drive evidence-based practices. This thesis aimed to investigate
whether in-person, population-specific food safety interventions were effective in changing beefspecific food safety behaviors and behavior change indicators of intervention participants.
A review of literature was conducted to outline the incidence of beef-specific foodborne
illnesses (FBI) and current risk mitigation methodologies (Chapter 1). Gaps in the literature
associated with food safety interventions were illuminated, especially highlighting the need for
population-specific interventions that incorporate psychological theories on behavior change.
Although knowledge does contribute to changes in health behavior, other factors such as
intentions, self-efficacy, motivation, opportunity, and social norms are predictors of potential
behavior change. The easiest measurement of these factors is through self-reported surveys;
however, results can be subject to social desirability biases.
Two studies in this thesis were designed, implemented, and evaluated based on best
practices and recommendations from food safety and health behavior intervention literature.
Each program could be accomplished in a practical time frame and was feasible for
implementation into county or state extension education programs. Design of intervention
components was based on the Trans-Theoretical Model (TTM), which categorizes a person’s
readiness to change a health behavior. It was assumed that participants in each intervention
began at various stages of the TTM.
A walk-through food safety workshop was administered to tailgaters at Pennsylvania
State University (Chapter 2). Two participant groups were utilized: one group received the
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intervention (treatment group) and one group did not (control group). An extensive amount of
self-reported food safety practices was initially collected from each group. This baseline data on
food preparation behaviors can be used to design future interventions for TE attendees,
emphasizing areas where this population fails to adhere to recommended food safety practices.
Additional self-reported practices were collected one and four months post-intervention to
quantify both short and long term self-reported food safety behavior changes resulting from
the workshop. Results showed improvements in food safety behaviors related to knowledge and
practice of thermometer use, cross-contamination, cleaning and sanitizing, and personal hygiene.
Offering interventions targeted towards TE attendees, such as tailgaters, may be a plausible
option for decreasing risky practices performed by this population and thus reducing TE-related
foodborne illnesses.
Youth populations were targeted in a beef food safety and grilling safety camp offered in
two locations in North Carolina (Chapter 3). Young consumers were educated on farm-to-fork
food safety through hands-on activities, demonstrations, and short overviews. Results from preand post-intervention assessments showed increases in knowledge and self-efficacy of key food
safety components; increases in food safety skills and intent to practice proper food safety skills
in future food preparation scenarios were also seen. As North Carolina youth have limited
opportunities to study this subject, incorporation of this efficacious intervention into youth
extension programs may impact the food safety practices of future consumers.
Future emphasis in food safety interventions should be placed on other types of youth
food safety education because youth have fewer barriers to attending these types of short
programs. Implementation in conjunction with after school or school-based activities may
provide an ideal way to begin disseminating food safety education to these young consumers.
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Youth who have limited practice with food preparation also may have fewer attitudes and habits
that perpetuate risky food preparation as adults. If future food safety programs that use the BBQ
Bootcamp program as a guideline allow youth to build knowledge, self-efficacy, and intentions
toward recommended food safety behaviors, future generations may see reductions in the
incidence of foodborne illness in home settings.
Dissemination of these programs in other locations and to larger sample sizes would also
give insight into the true efficacy of these programs as community-based public health
interventions, as well as promote food safety awareness of consumers in these populations. To
conform to the limited resources of many extension programs, research on modality measures of
these interventions could be completed to determine which program sections could be converted
into components that allow for lower-cost delivery while retaining the same level of
effectiveness.
According to the TTM, those who need to change health behavior may not be in a stage
where they are ready to do so. To move from the precontemplation stage to the contemplation
stage, a true understanding of the incidence and severity of the problem must be acquired and
acknowledged. Moving into the subsequent stages of preparation, action, and maintenance
requires other factors such as motivation, intention, and capabilities. Interventions outlined in
this thesis were designed to accommodate participants at all stages of the TTM. For those not yet
ready to change their behavior, strategies were utilized to move participants closer to the more
favorable action and maintenance stages. Therefore, even though these studies did not yield a
perfect success rate of food safety behavior change, all participants were given the opportunity to
advance themselves towards applying recommended food safety practices.
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This thesis was successful in studying food safety programs and psychological behavior
factors to create evidence-based interventions for specific populations. The interventions
described in this thesis can be used as guidelines for creating other evidence-based food safety
programs intended for specific consumer groups who exhibit risky food safety behaviors; similar
programs could also educate about food commodities other than beef. Subsequent programs
should include a similar synthesis of empirical psychological evidence for educational
components and evaluation measures. As these types of short-term programs typically cannot
measure behavior change, constructs that are precursors to behaviors should be targeted and
employed as variables; utilization of multiple theories and models, as seen in this thesis, should
be done to create a program that is effective for consumers with varying prior knowledge,
attitudes, and practices. Utilizing the aforementioned strategies in future public health education
efforts may have long-term impacts on consumer food safety behaviors and incidence of
foodborne illness from home food preparation settings.
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APPENDIX A
Baseline Survey for Treatment and Control TE Participant Groups
and 1-month Follow up Survey for Control Group

Never

Always

Please rate the frequency
of your current food
thermometer use:

What do you use your food thermometer on? (Select all that apply)
¨ I don’t use a food thermometer*
¨ Beef*
¨ Pork
¨ Chicken
¨ Turkey
¨ Eggs
¨ Fish
¨ Other (please specify): _______________________________________________
What types of meat do you use your food thermometer on? (Select all that apply)
¨ I don’t use a food thermometer*
¨ Intact (steaks, roasts)*
¨ Non-intact (ground, mechanically tenderized)*
For each of the foods listed above, please indicate what temperature you aim to achieve:

How many times, on average, do you take the temperature of the food before calling it done?

What type of food thermometer do you use? (Select all that apply)
¨ I don’t use a food thermometer*
¨ Digital*
¨ Dial
¨ Pop-up
¨ Other (please specify): _______________________________________________
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How do you determine when your meat is cooked? (Select all that apply)
¨ Looking at the color of the meat*
¨ Feeling the meat *
¨ Looking at the color of the juices*
¨ Tasting the product*
¨ Using a food thermometer*
¨ Cooking for a specific time*
¨ Other (please specify): ______________________________________________

None

Very
Knowledgable

Please rate your knowledge of
cross-contamination:
Are you conscious of avoiding cross-contamination when cooking?
¨ Yes
¨ No
Do you use separate utensils and dishes for raw and cooked meat?
¨ Yes
¨ No
None
Please rate your knowledge of
the difference between
cleaning and sanitizing:
Please check all scenarios that describe your cleaning and/ or sanitizing habits:
¨ I clean surfaces that raw meat touches*
¨ I sanitize surfaces that raw meat touches*
¨ I clean my utensils between handing raw and cooked product*
¨ I sanitize my utensils between handing raw and cooked product*
¨ I wash my raw meat before cooking it*
¨ I clean my sink after washing raw meat*
¨ I sanitize my sink after washing raw meat*
¨ I clean surfaces that the meat package lays on*
¨ I sanitize surfaces that the meat package lays on*
How do you clean and/or sanitize meat contact surfaces? (Check all that apply)
¨ Hand soap and water
¨ Dish soap and water
¨ Just water
¨ Dishwasher

Very
Knowledgable
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¨ Disinfectant wipes
¨ Sanitizer (please specify which):_______________________________________
¨ I do not clean and /or sanitize meat contact surfaces
None
Please rate your knowledge of
the proper steps of
handwashing:
How do you clean your hands? (Check all that apply)
¨ Wash with soap and water
¨ Wash with just water
¨ Dry with dish towel
¨ Dry with paper towel
¨ Use hand sanitizer only
¨ Use hand sanitizer after washing
¨ I don’t clean my hands
When do you clean your hands? (Check all that apply)
¨ Before cooking
¨ After handling raw meat
¨ After handing an unopened package of raw meat
¨ After using the restroom
¨ After touching any pets or animals
¨ I don’t clean my hands
Please check all scenarios that describe your habits for preparing food at tailgates:
Utensils:
¨ I bring separate utensils and dishes to handle raw and cooked products
¨ I clean utensils and dishes in between handling raw and cooked products
¨ I use the same utensils and dishes for raw and cooked products
Handwashing:
¨ I have access to a hand sink while tailgating
¨ I clean my hands with hand sanitizer
¨ I clean my hands with disinfectant wipes
Food prep:
¨ I prep my food dishes before tailgating
¨ I prep my food dishes while at the tailgate
Leftovers:
¨ I keep leftovers more than 4 hours after cooking
¨ I discard all uneaten leftovers from the tailgate
*Depicts a repeated-measure question related to explicitly taught information

Very
Knowledgable
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APPENDIX B
1 and 4-months post-intervention survey for treatment TE participant group
Please enter up to 4 useful tips you learned at the Penn State Tailgate Food Safety
Demonstration:
1.
2.
3.
4.
What did you find the most interesting and/or helpful?

Have your food safety practices changed overall after going to this demonstration? If yes, please
explain how.
______________________________________________________________________________

Never

Always

Please rate the frequency
of your current food
thermometer use:

What do you use your food thermometer on? (Select all that apply)
¨ I don’t use a food thermometer
¨ Beef
¨ Pork
¨ Chicken
¨ Turkey
¨ Eggs
¨ Fish
¨ Other (please specify): _______________________________________________
What types of meat do you use your food thermometer on? (Select all that apply)
¨ I don’t use a food thermometer
¨ Intact (steaks, roasts)
¨ Non-intact (ground, mechanically tenderized)
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How many times, on average, do you take the temperature of the food before calling it done?

What type of food thermometer do you use? (Select all that apply)
¨ I don’t use a food thermometer
¨ Digital
¨ Dial
¨ Pop-up
¨ Other (please specify): _______________________________________________
How do you determine when your meat is cooked? (Select all that apply)
¨ Looking at the color of the meat
¨ Feeling the meat
¨ Looking at the color of the juices
¨ Tasting the product
¨ Using a food thermometer
¨ Cooking for a specific time
¨ Other (please specify): ______________________________________________

None

Very
Knowledgable

None

Very
Knowledgable

Please rate your knowledge of
cross-contamination:

Please rate your knowledge of
the difference between
cleaning and sanitizing:
Please check all scenarios that describe your cleaning and/ or sanitizing habits:
¨ I clean surfaces that raw meat touches
¨ I sanitize surfaces that raw meat touches
¨ I clean my utensils between handing raw and cooked product
¨ I sanitize my utensils between handing raw and cooked product
¨ I wash my raw meat before cooking it
¨ I clean my sink after washing raw meat
¨ I sanitize my sink after washing raw meat
¨ I clean surfaces that the meat package lays on
¨ I sanitize surfaces that the meat package lays on
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Have your cleaning and sanitizing practices changed as a result of the Penn State Tailgate Food
Safety Demonstration? If yes, please explain how.

None

Very
Knowledgable

Please rate your knowledge of
the proper steps of
handwashing:
List your current typical handwashing steps:

Have your handwashing practices changed as a result of the Penn State Tailgate Food Safety
Demonstration? If yes, please explain how.

Please explain if and how your tailgating practices, with regards to food safety, have changed as
a result of the Penn State Tailgate Food Safety demonstration:
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APPENDIX C
Excerpts from BBQ Bootcamp instructor training guide

BBQ Bootcamp Set-up
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Meat Grinding

Rib
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Introduction to BBQ Bootcamp
Camp should begin with the person in charge welcoming all instructors and
participants to BBQ Bootcamp. The introduction should highlight that this is a science
based camp developed by researchers at North Carolina State University and has been
partially funded by the USDA NIFA STEC CAP Beef Safety Grant and the North
Carolina Cattleman’s Association.
All people at the camp (planners, instructors, group leaders, and participants)
should take turns introducing themselves. Common methods of introduction include
name, age (participant), school (participant), and job (adult).
Pre-test Administration
After introductions, youth participants must take a short pre-test to assess their
baseline knowledge. Answers on the pre-test must be the work of the youth and not
supplemented by any other resources, human or material. Participants must be given
adequate time to complete the assignment, and camp must not continue until all youth
have completed the assessment.
Introduction to BBQ Bootcamp Challenge
If participants are not already sitting in the groups indicated on their nametags,
they must move to those groups at this time. Each group should have at least one group
leader sitting with them. The youth will be introduced to the BBQ Bootcamp Challenge
with an explanation of how they acquire points—by answering points and solving
problems correctly. It is recommended that there is a prize for the winning group, and if
there is, that prize may be revealed or kept secret at this time.
Icebreaker
To enhance the group learning component of the program, the camp begins with
an icebreaker to allow teams to work together. In this icebreaker, each group is
challenged to draw a cow on their whiteboard and come up with a background story for
their cow. Groups may be given as much time as needed or time can be limited to 1-2
minutes. After completing this task, each group should take turns showing their cow and
telling it’s background story.
As mentioned in the program fidelity section, this icebreaker can be modified or
replaced with a similar icebreaker. If replaced, the new icebreaker must allow youth to
be creative and contain some aspect of beef, food safety, or fire safety.
Overview of Farm-to-Fork Practices
The first overview of the camp covers the concept of farm-to-fork practices.
These practices are, in general, the whole system food goes through from the time it is
a crop or animal on a farm to the time it ends up on our plate. In between these
instances include slaughter, transport, retail food service (grocery stores or restaurants),
and food preparation.
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BBQ Bootcamp is designed to start at the farm and follow beef safety through
when it is prepared for consumption. It is important to emphasize to youth participants
that at each step there is someone in charge of maintaining proper food safety, and the
last step, preparation, is where the youth and their parents become the person in
charge of maintaining the safety of the product. After the camp, students should feel
empowered to assume this role and educate their parents to assume this role as well.
Cuts of Beef Activity and Demonstration
Purpose: To teach the 8 primal cuts of a beef carcass and show youth various retail
cuts that come from each of these primals. By the end, youth should know
characteristics of different cuts of beef and why they differ based on where they
originated in the cow.
Materials:
• 1 table
• 1 disposable tablecloth with a beef carcass outline
• 8 post-it notes labeled with each primal cut
• Packages of meat from each primal area
• Gloves for each person handling the raw meat packages
Location: The activity and demonstration will take place at the demo table in the middle
of the room, and youth participants are invited to join the instructor around the tables.
Activity:
The first part of this sections will involve a group activity. The demo table in the
middle of the room will have a tablecloth with an unlabeled beef carcass drawn on it.
The youth and their group leaders will congregate around the table and place a sticky
note with their group name wherever they believe that primal is on the carcass. When
all groups have guessed where their group is located on the carcass, the leader of this
activity will go over the correct answer and finish labeling the carcass with all primals.
The correct labeling can be seen in the diagram below:

Chuck

Brisket

Rib
Plate

Loin
Flank

Sirloin
Round
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Demonstration:
The second part of this section will involve overviewing retail cuts of meat and
placing them in the correct place on the now labeled carcass. The demonstration should
follow this sequence:
1. Show a package of store-bought meat.
2. Ask youth to identify what retail cut the meat is. If they cannot, tell them what it is.
3. Ask youth to identify which primal area the retail cut belongs in. If they cannot,
tell them.
4. Overview some characteristics of the cut (tenderness, flavor, typical ways to cook
it, what dishes they may see it in- see below for some characteristics of each cut)
5. Place the package in the primal it belongs in.
6. Repeat with all retail cuts available.

Chuck
Tender
Steak
Flat Iron
Steak

Back
Ribs
Ribeye
Steak

Top
Round

Chuck
This cut is often called the mock-tender because it resembles a tenderloin
steak. However, this cut is not as tender as the tenderloin steak, so it is
typically slow cooked or tenderized and marinated before grilling.
The flat iron steak is extremely tender and well-marbled, making it a
popular choice for typical grilled steak. The steaks are thin because the
piece of connective tissue that is originally present is removed. This is the
second most tender cut of meat.
Rib
Back ribs are what most people refer to as ribs. They are often seasoned
and grilled.
The Ribeye steak is what USDA quality graders use to determine if a cow
has select, choice, or prime meat. These quality grades refer to the
amount of marbling, or fat dispersion in the muscle. Ribeyes are very
popular steaks because the marbling makes them flavorful and juicy.
They can be found boneless or bone-in.
Round
This steak is part of the top round, named for the fact that it is located
above the bottom round and eye of round portions of the round. This
steak is typically broiled or slow cooked.
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Filet
Mignon

NY Strip

T-Bone

Sirloin
Filet

Brisket

Flank
Steak

Stew
Meat

Loin
The loin contains the tenderloin, aka the psoas major muscle, which is the
most tender muscle of the cow. The muscle is so tender because it is
along the back of the cow, and is often unused except for when the cow is
turning. For this reason, the tenderloin has the least amount of fat of any
cut of beef. This makes steaks made out of it extremely expensive, which
is why we do not have any to show.
The name originates from a restaurant in New York that served the steak
during the 18th century. It is juicy and lean, which makes it perfect for
grilling.
Named after the “T” shaped bone that it contains, this steak actually
contains 2 other popular retail cuts. On one side is the NY Strip Steak,
and on the other is the Tenderloin Filet. T-bones that are cut farther back
and have more tenderloin are called Porterhouse steaks.
Sirloin
These filets are thick and perfectly portioned compared to bigger sirloin
steaks.
Brisket
The brisket primal has a leaner portion that is sold as a roast. Because
this cut is less tender, it needs to be slow cooked and then can be sliced
or shredded.
Plate/ Flank/ Shank
Also known as london broil, the flank steak is lean and flavorful. This
steak is best marinated and grilled or sliced thinly and used in stir-fry.
With this cut being so thin and course, it is very important to slice against
the grain.
Other
Stew meat is made up of trim pieces from many of the other primals.
These trim pieces are also the ones that typically make up ground beef.

Booklet:
Since we can’t overview all retail cuts, point youth to refer to page 2 in their
booklet any time they want to know what primal a cut is in or recommended cooking
methods.
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Overview of STEC in Food
Purpose: To discuss characteristics of Shiga toxin-producing E.coli, including types,
sources, and symptoms of infection, as well as how meat gets contaminated with STEC
during slaughter.
Booklet: This information is covered on pages 3-5 in the BBQ Bootcamp Booklet.
Youth can follow along in the booklet during the overview.
Location: During this overview, the youth will be seated in their groups, and the
instructor will stand in the middle near the demo tables.
Overview:
Escherichia coli (E.coli) is a bacteria that comes in 2 main types. Generic E.coli
lives inside our stomach and helps keep our gut healthy. Cows and other animals also
have E.coli living in their stomachs to keep them healthy, but this type is pathogenic to
humans, meaning that may make us sick if we ingest them. We call this pathogenic
E.coli Shiga toxin-producing E.coli (or STEC for short) because it produces a toxin that
can make humans sick.
The primary source of STEC, or where the bacteria originates, is in the stomach
of some animals, including cows. Cows can shed STEC when they eat or use the
bathroom, and then it can come in contact with crops, water, and people. These things
are secondary sources of STEC, because they don’t originally contain the bacteria. If
people eat the contaminated food or water or come in contact with a person sick from
STEC, they can get sick. The good news is that cooking food properly will kill STEC and
make our food safe.
If someone does get sick from STEC, they usually have stomach cramps,
vomiting, and bloody diarrhea. A really bad case of illness form STEC can result in
Hemolytic Uremic Syndrome (HUS) which can cause kidney failure.
As we said before, STEC originates in the stomach of cows, but it can also be on
their hides from using the bathroom and laying down in dirty cow pens. When the cow is
slaughtered, the workers have to be really careful not to contaminate the muscle with
STEC because the muscle is the meat we eventually eat. The contamination can
especially happen during the de-hiding and evisceration (removing the internal organs)
steps because the sharp knives used could pierce the cow’s stomach and let the STEC
out. Usually, the workers use steam to remove visible contamination, but since we can’t
see STEC, they can’t guarantee that there isn’t any on the meat. That’s why it is
important to cook meat before we eat it.
Meat Grinding Demonstration
Purpose: To show the pathogen internalization of potential STEC on the surface of a
whole muscle meat to the inside of a ground meat product.
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Materials:
• 1 Cabelas meat grinder or a handheld meat tenderizer
• 1-2 packages of stew meat from “Cuts of Beef” demonstration
• 1 handful of PlayDoh
• 1 bowl or tray
• Gloves for each person handling the raw meat
Location: During this demonstration, the youth will be seated in their groups, and the
instructor will perform the demonstration at the meat grinding demo table.
Booklet: This material is covered on page 6 in the BBQ Bootcamp Booklet. Youth can
follow along in the booklet during the discussion portion of the demonstration.
Demonstration:
The leader of this demonstration will place stew meat and small bits of PlayDoh
in the meat grinder and explain that the PlayDoh represents the potential STEC or other
pathogens that may be on the surface of whole cuts of meat after slaughter. When the
grinder is turned on, the PlayDoh will get mixed into the meat, showing how pathogens
may be on the inside of ground products. The leader of the demonstration will then form
the ground meat into burger patties and walk around and show each table how the
PlayDoh is mixed into the patty.
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Discussion Points:
- What types of meat products may be intact, and what types may be non-intact?
- Should we cook intact and non-intact meats differently?
- What is the temperature difference of intact vs. non-intact meat?
Foodborne Illness
Purpose: To understand how many people in the United States get sick from food each
year and 5 main ways to prevent foodborne illness.
Booklet: This information is covered on pages 7-11 in the BBQ Bootcamp Booklet.
Youth can follow along in the booklet during the overview.
Location: During this overview, the youth will be seated in their groups, and the
instructor will stand in the middle near the demo tables.
Overview:
Every year, approximately 1 in 6 people in the United States get a foodborne
illness. Overall, that is 48 million people each year that get sick just from eating! Of
these people who get sick, about 128,000 people have to go to the hospital and about
3,000 die.
The people most likely to get a foodborne illness or the ones who may have the
most severe illnesses are those who are really young, really old, pregnant, or
immunocompromised (sick). We remember this group of people by calling them YOPI
(young, old, pregnant, immunocompromised). These people may get sick easier
because their immune systems are not strong enough to fight off the pathogens that
cause the illness.
There are five main ways to prevent someone from getting a foodborne illness:
1. Buy your food from a safe source. Grocery stores are always a safe choice, because
they have to follow the laws that pertain to selling safe food. If you buy your food
from other places, such as farmers markets or farmers that you know, don’t be afraid
to ask them how they keep their food as safe as possible. Do not ever buy food from
people who do not seem trustworthy!
2. Make sure to practice good personal hygiene. This means washing your hands
before cooking, after handling raw meat, and after using the bathroom. We will talk
about the proper handwashing steps later in the camp.
3. Don’t temperature abuse your food by keeping it out of the temperature danger
zone. This temperature range (41°F-135°F) is a very comfortable temperature for
most pathogens, and when they are in this temperature, they can double in number
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in as little as 20 minutes! To keep foods out of this zone, you should refrigerate all
your leftovers within 4 hours after cooking them.
4. Don’t cross contaminate! Cross-contamination occurs when bacteria is accidentally
transferred from one place to another. If there are pathogens in your raw meat and
you accidentally use the same cutting board for your meat and your salad, you may
get sick because you are not going to cook your salad like you will cook your meat.
Be sure to always separate your raw foods (that will be cooked) from your ready-toeat foods (that will not be cooked). You can also use the diagram in your booklet on
page 10 to arrange your refrigerator to minimize cross contamination.
5. Last but certainly not least, you should always cook your food thoroughly. As we
have mentioned many times already, proper cooking kills STEC and other
pathogens, and can make your food safe. We will talk a little later in the camp about
what we mean by proper cooking.
Grill Types and Grilling Safety
Purpose: To learn the 3 types of grills, how each may cook differently, and how to
practice proper grilling safety when using them.
Booklet: This information is covered on page 12 in the BBQ Bootcamp Booklet. Youth
can follow along in the booklet during the overview.
Location: During this overview, the youth will be seated in their groups, and the
instructor will stand in the middle near the demo tables.
Overview:
There are three main types of grills:
1. Charcoal burns at a really high temperature, so charcoal grills are good for searing.
Charcoal grills also give the food a more smoky and more authentic “grilled” flavor,
which a lot of people like. Charcoal grills must be used outside, as they have an
open flame.
2. Gas grills are less messy than charcoal grills, and do not take as long to heat up.
The temperature knobs also allow you to control how hot the grill is. However, gas
grills do not provide the full authentic “grilled” flavor that charcoal grills have. Gas
grills must also be used outside
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3. Electric grills, such as griddles or George Foreman grills, can be used indoors or
outdoors, but require a power source. These grills also do not provide any smokey
flavor, but are less messy and convenient indoors or other places where open
flames are not allowed.
Whatever grill you use, it is important to practice good safety skills. Some
important points are to use charcoal and gas grills at least 10 feet from a building, and
be sure to never leave grills unattended. When lighting a grill, only do so if you know
how to do it properly and if you have adult supervision or permission. When grilling, you
should use gloves and utensils to protect your hands from the fire and never lean over a
lit grill. If you need help, don’t hesitate to ask an adult!
Grill Lighting Demonstration
Purpose: To learn how to safely light a charcoal grill various ways.
Materials:
• 3 charcoal grills
• 1 lighting chimney
• Newspaper
• Charcoal
• Lighter fluid
• Lighter cubes
• Lighter
• Gloves
Location: This demonstration takes place outside at the grills, at least 10 feet from all
buildings.
Demonstration:
Allow yourself plenty of time when grilling, it is not a quick process. It’ll take about
twenty minutes to get the fire started and the charcoal hot and ready to use, half an
hour to get things prepped, and then the meat will take some time to cook. So when
grilling you’re investing about an hour of your time.
Briquettes are one style of charcoal. Briquettes are made by burning wood and
getting it charred down so that it is black in color, grinding it up into a powder, and then
pressing it into those cubes that come in the bag.
Lump charcoal is a different style of charcoal. Lump charcoal is the stage before
you get to briquettes. They take lump charcoal and grind it up and press it to make it
into the briquettes. They both work great, they both burn hot, they both have good
charcoal flavor. It totally depends on your personal preference and what you prefer
handling of which one to use.
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We will be covering three ways to light charcoal grills using either lump charcoal or
briquettes*:
1. Using Charcoal and a Chimney: Usually we all have old newspapers laying around
and you don’t have to worry about buying and storing lighter fluid. Set the chimney
on a sturdy surface, such as the grill. Put some crumpled up newspaper at the
bottom then pour some charcoal on top of that. Stick the lighter through one of the
holes at the bottom, light the paper, and let it go. Heat rises, so the flames will come
up through the chimney then in 15-20 minutes those charcoals will be ready to dump
onto the grill. You will know they are ready when the coals are mostly covered in
ash. Be sure to use a glove to handle the hot chimney.
2. Using Charcoal and Lighter Fluid: Arrange the charcoal in a mound and squirt with
lighter fluid according to the directions on the lighter fluid. Light the charcoal
immediately. Never squirt lighter fluid into lit flames. Once the coals are lit with
lighter fluid you’ve probably got an hour or so of pretty good/hot burn time. Let the
charcoal cook down for a little while until the charcoal is mostly covered in ash. If
you don’t, the grill will be too hot and will burn your burgers immediately.
3. Using Charcoal and Lighter Cubes: Lighter cubes are a quick and ash-free way to
light charcoal because the cubes ignite in seconds, even in wet conditions. They
also eliminate the smell and taste of lighter fluid. Simply make a pyramid of three
cubes on the grate of the grill, light them, and then pour the charcoal on top. Allow
around 20 minutes for the charcoal to be covered in ash and ready.
*If three or more grills are not being used for the camp, overview all three ways to
start grills and have youth choose one to demonstrate.
Thermometer Use Overview and Activity
Purpose: To discuss the proper method for determining when meat is cooked and what
temperatures various meats need to reach to be considered fully cooked.
Materials:
• 5 Thermometers
• 5 Sponges
Location: During this overview and activity, the youth will be seated in their groups, and
the instructor will stand in the middle near the demo tables.
Overview:
Some people use the color of meat or meat juices to tell when their meat is fully
cooked. These methods may be right sometimes, but they are qualitative measures,
and people can interpret them differently. Instead, we should use the internal
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temperature, which is a quantitative measure, because it is a more precise and factual
way to tell when the meat is fully cooked.
Activity:
Each group will receive a thermometer and a sponge. The person leading the
activity will explain that the sponge represents a steak or a burger. Each group will have
to insert the thermometer the way they think they should when taking the temperature of
the burger or steak. They should also divide their whiteboard into 2 sections and write
what temperature they think they should cook to for steak and what temperature for a
burger.
Each group will have a chance to show their thermometer placement, explain
why they placed the thermometer there, and give their temperatures for intact and nonintact meats.
Correct placement involves inserting the thermometer into the side of the sponge to the
very center (see diagram below). Correct temperatures - 145°F for steak and 160°F for
burgers.

Handwashing Activity and Overview
Purpose: To assess how youth already wash their hands and learn the proper steps for
adequate handwashing.
Materials:
• Glo-germ
• Sink with: Soap, water, and paper towels
Location: During the activity, the youth will need to wash their hands at the nearest
sink, but will then return to their groups. During this overview, the youth will be seated in
their groups, and the instructor will stand in the middle near the demo tables.
Activity:
The person leading the activity will give each youth a pump of Glo-germ lotion
and show them their hands under a blacklight after rubbing it in. They should explain
that if youth wash their hands adequately, all the lotion will wash off, just like bacteria
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will wash off, but if they don’t wash their hands well, the lotion will stay just like bacteria
would stay.
The youth will go to the nearest sink and wash their hands like they normally
would. When they return, use the blacklight to assess how each youth did in regards to
washing their hands adequately. Have each group leader choose the youth with the
cleanest hands to compete against the other groups. Narrow it down until there is a
winner.
Overview:
After a winner is selected, overview the proper steps of handwashing:
1. Wet hands
2. Apply soap
- Soap is important to remove the bacteria and dirt that is stuck on your hands and
will not come off with just water.
3. Scrub for at least 10 seconds
4. Rinse hands
5. Dry with a single-use paper towel
- This step is important for getting rid of all the bacteria on your hands. You may
have rinsed some of it off, but some you may have just smeared around. Using a
hand dryer is not as effective because you do not wipe off the rest of the bacteria
and may also re-contaminate your hands with the dirty air in the bathroom.
6. Turn off water with the paper towel
- This step prevents you from re-contaminating your hands, since you touched the
sink nozzles with dirty hands before washing them.
Grilling and Eating Lunch
Purpose: To use knowledge and skills gained throughout BBQ Bootcamp to safety
prepare a burger lunch.
Materials:
• Burger patties
• 2 sets of tongs or spatula for each group
• 1 thermometer per youth participant
• Sanitizer wipes
• Plates
• Burger buns
• Pickles
• Cheese
• Condiments
• Chips
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•
•
•

Bottles of water
Napkins
Gloves (to handle raw meat)

Location: outside at the grills that were started during the lighting demonstration.
Activity:
At this point, the coals should be ashed over and ready to cook on. Each group
leader should use gloves to place one burger patty on their groups lit grill for each group
member. Group leaders should stay with their groups to assess and assist in the
participants final practice of their newly acquired skills.
Participants should use one set of tongs or spatula for raw meat and a clean pair
of tongs or spatula for cooked burgers. Sanitizer wipes may also be used to clean this
equipment and the thermometer probe if they come in contact with meat before the
burgers are fully cooked. Each burger should be cooked to 160°F, as measured by the
participant’s food thermometer and double-checked by the group leader.
While youth participants and most instructors and group leaders are outside, the
demo tables should be cleaned as to not provide a source of cross-contamination onto
the cooked lunch. The cuts of beef tablecloth should be thrown away and a new, clean
tablecloth should replace it. When each participant is finished cooking their burger, they
may return inside to wash their hands again. Following the handwashing, they can finish
fixing their burger and eat their lunch.
Post-test Administration
After youth participants eat lunch, they must take the post-test assessment to
determine the change in knowledge and attitudes as a result of the camp. Similar to with
the pre-test, participants may not use external materials while answering post-test
questions, this includes human and materials resources.
Cuts of Beef Taste Test
Purpose: To taste differences in texture and flavor of different cuts of beef prepared on
the grill or in a slow cooker.
Materials:
•
•
•
•
•
•
•

Retail cuts from demonstration
New tablecloth with labeled beef primals
Large paper plates
Knives
Toothpicks
Slow cooker
Grill
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An optional activity of BBQ Bootcamp is to prepare the retail cuts used in the cuts
of beef demonstration for participants to taste at the end of the camp. These cuts can
be prepared any time after the cuts of beef demonstration, but the recommended times
are during or after participants’ lunch preparation. Most cuts should be prepared on a
grill for ease, but more tough cuts (such as the brisket) can be cut up and cooked on
high in a slow cooker. Make sure all retail cuts also reach 145°F for intact cuts and
160°F for any mechanically tenderized pieces of meat.
While the youth participants are taking the post-test, instructors and group
leaders can help cook these retail cuts and cut them into bite-sized samples. The
samples should be plated and placed in the section of the cow where they are from on
the new, clean primal tablecloth. Toothpicks can be used for the participants to grab
samples.
While tasting the different cuts, participants should think about the flavor and
texture of the meat. Any visuals of the raw primal would help youth visualize how the
marbling on the raw meat impacts the flavor and texture of the cooked product.

BBQ Bootcamp Challenge Winner Announcement
At the end of camp, the points can be tallied up from each group leader’s rubric.
At this time, the winning group of the BBQ Bootcamp Challenge is revealed and winners
receive their prize.
Sending Materials
The pre-tests, post-tests, and a copy of the attendance roster with registration
information (name, age, etc.) is to be sent to the program coordinator as soon as
possible after the camp is over, no more than 3 weeks later.
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APPENDIX D
BBQ Bootcamp budget and list of supplies
Category
Deliverables
Assessment
Introductions/ Activities
Cuts of beef activity/ demo

Grinding Demo

Grilling

Thermometer demo
Handwashing Activity

Food Preparation

BBQ Bootcamp Challenge Prize

Item
Booklets
Thermometers
Pre-test
Post-test
Pens
Whiteboard
Tablecloth
Sharpie
Post-it notes
Cuts of beef
Gloves
Meat grinder
Modeling dough
Stew meat
Charcoal grills
Flippers and tongs
Charcoal
Chimney
Lighter fluid
Lighter briquettes
Lighter cubes
Lighter
Gloves
Sponges
Thermometers
Glo germ
Black light
Burgers
Buns
Pickles
Cheese
Condiments
Chips
Water
Variable

Quantity
Price
25
$75.00
25
$250.00
25
$15.00
25
$15.00
30
$4.00
5
$20.00
2
$2.00
1
$1.00
1
$1.00
14
$120.00
1
$5.00
1
$60.00
1
$1.00
1
$7.00
6
$216.00
25
$23.00
3
$27.00
1
$15.00
1
$4.00
1
$6.00
1
$4.00
1
$1.00
1-3
$30.00
5
$3.00
5
$50.00
1
$18.00
1
$10.00
50
$25.00
48
$8.00
1
$2.00
2
$10.00
3
$6.00
25
$12.00
25
$5.00
5-6
Variable
Total Initial Cost: ~$1,051.00
Recurring Costs: ~$580.00
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APPENDIX E
BBQ Bootcamp schedule of events
9:00 – 9:10

Welcome and Introductions

9:10 – 9:20

Pre-Test

9:20 – 9:30

Introduction to Challenge and Breaking into Groups

9:30 – 9:40

Icebreaker

9:40 – 9:45

Overview of Farm-to-Fork Practices

9:45 – 10:15

Cuts of Beef Activity

10:15 – 10:25

Overview of STEC and How Beef Gets Contaminated

10:25 – 10:40

Grinding Demonstration

10:40 – 10:50

Overview of Foodborne Illness

10:50 – 11:00

Overview of Grill Types and Safety

11:00 – 11:20

Grill Lighting Overview, Demonstration, and Activity

11:20 – 11:35

Thermometer Activity

11:35 - 12:00

Glo-Germ Activity and Handwashing Overview

12:00 – 1:00

Grilling Activity, Eating, Post-test, and Awards

1:00 – 1:15

Youth Picked-up
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APPENDIX F
BBQ Bootcamp pre-test

1. Please rate your confidence on knowledge of:
(Mark only one oval per row.)
Not Confident

Moderately Confident

Extremely Confident

Internal cooking
temperatures:
Pathogenic E. coli:
Cuts of beef:
Types of grills:
Fire and grill safety:
Hand washing:
Cross contamination:

2. How often do you:
(Mark only one oval per row.)
Never
Wash your hands before cooking and/or
eating?
Wash your hands after touching raw meat
when preparing food?
Use a meat thermometer to check the final
internal temperature of meat when preparing
food?

Sometimes

Always
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3. Cross contamination is defined as:
A. When a food allergen is transferred from a food containing an allergen to a food
that does not contain the allergen
B. Taking the internal temperature to ensure a safe product
C. The process by which bacteria or other microorganisms are unintentionally
transferred from one substance or object to another, with harmful effect
D. Crossing the kitchen to get to the refrigerator when cooking
4. What is the primary source of pathogenic E. coli?
A. Soil
B. Gastrointestinal tract of animals
C. Contaminated water
D. Pesticides
5. Check all that apply. Who are the most at risk populations susceptible to contracting a
foodborne illness?
Young children
Older/elderly people
Pregnant women
Immunocompromised people
6. The temperature danger zone (TDZ) is best described as:
A. The dangerous temperature range in which bacteria multiply most rapidly
B. The dangerous temperature range in which you don't want to light a grill
C. The dangerous temperature range in which it is too hot to be outside
D. The dangerous temperature range in which you could burn the food you are
cooking
7. What temperature should hamburgers be cooked to in order to kill any possible STEC?
A. 140°F
B. 145°F
C. 160°F
D. 165°F
8. What temperature should intact steaks be cooked to in order to kill any possible STEC?
A. 140°F
B. 145°F
C. 160°F
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D. 165°F
9. Which type of grill provides the most smokey flavor to the meat?
A. Gas
B. Charcoal
C. Electric
D. Stovetop
10. How far away from a house or other structure should a lit grill be?
A. 5 feet
B. 10 feet
C. 15 feet
D. 20 feet
11. It is okay to leave your lit grill unattended when:
A. You go inside to get the meat from the refrigerator
B. Your pet dog is standing by the grill
C. It just rained
D. The flames have extinguished and you have shut the grill down
12. True or false: Different cuts of beef have different tastes.
A. True
B. False
13. Do you and/or other family members within your household currently own a meat
thermometer?
A. Yes
B. No
C. I don’t know
14. Do you and/or other family members within your household currently use a meat
thermometer?
A. Yes
B. No
C. I don’t know
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APPENDIX G
BBQ Bootcamp post-test

1. Please rate your confidence on knowledge of:
(Mark only one oval per row.)
Not Confident

Moderately Confident

Extremely Confident

Internal cooking
temperatures:
Pathogenic E. coli:
Cuts of beef:
Types of grills:
Fire and grill safety:
Hand washing:
Cross contamination:

2. How often will you:
(Mark only one oval per row.)
Never
Wash your hands before cooking and/or
eating?
Wash your hands after touching raw meat
when preparing food?
Use a meat thermometer to check the final
internal temperature of meat when preparing
food?

Sometimes

Always
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3. All are ways to prevent cross contamination except:
A. Storing produce above raw meats
B. Proper hand washing
C. Storing raw meats above produce
D. Using separate cutting boards for produce and raw meats
4. What is a secondary source of pathogenic E. coli?
A. Peanuts
B. Gastrointestinal tract of animals
C. Contaminated water
D. Corn
5. Check all that apply. Who are the most at risk populations susceptible to contracting a
foodborne illness?
Young children
Older/elderly people
Pregnant women
Immunocompromised people
6. Fill in the blanks below by writing the numbers at each end of the Temperature Danger
Zone (TDZ) where bacteria multiply most rapidly.
(You may choose to fill in the blanks for Fahrenheit OR Celsius.)
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7. Associate the internal cooking temperature the following products need to be cooked to
in order to ensure they are safe to eat:
(Mark only one oval per row.)
140°F

145°F

160°F

165°F

Hamburger/ground beef
Intact steak
Cube steak
Needle tenderized/Jaccard steak

8. Which type of grill takes the longest to heat up?
A. Gas
B. Charcoal
C. Electric
D. Stovetop
9. How far away from a house or other structure should a lit grill be?
A. 5 feet
B. 10 feet
C. 15 feet
D. 20 feet
10. It is okay to leave your lit grill unattended when:
A. You go inside to get the steak seasoning
B. You have your two-year old cousin watching the grill for you
C. You know it is about to rain
D. The flames have extinguished and you have shut the grill down
11. True or false: Cuts of beef with lots of marbling are more tender than those with little
marbling.
A. True
B. False
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12. After attending BBQ Bootcamp, do you plan to share the information you learned with
your friends and/or family?
A. Yes
B. No
13. After attending BBQ Bootcamp, do you plan to use a meat thermometer?
A. Yes
B. No
14. What was your favorite part of BBQ Bootcamp?
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________

15. What was your least favorite part of BBQ Bootcamp or what would you change about
BBQ Bootcamp?
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________

