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CHAPTER ONE: INTRODUCTION
Over the past 20 years, a drastic decline in opportunities for children to play and
engage in physical activity has taken place (Gray, 2017). As a result, researchers have shown
that the short- and long-term physical, social, emotional, and cognitive health of children
have suffered (Clark & Rhea, 2017). The Centers for Disease Control and Prevention (CDC)
has reported that many United States (U.S.) children who were healthy at birth develop an
increasing number of health risks as they mature into adolescents and adults (2020c).
In the last several years, the CDC has reported a significant rise in depression,
anxiety, and behavior disorders in children (2020). They have found that one in six children
between the ages of two and eight have been diagnosed with a mental, behavioral, or
developmental disorder, which is related to chronic stress and poor body composition (CDC,
2020c). Furthermore, poor mental health symptoms have significant effects on a young
child’s cognitive and physical development, which can include chronic health conditions,
such as asthma, diabetes, and obesity (Gray, 2017).
In 2014, the CDC reported that 12.7 million U.S. children and adolescents were
overweight or obese (CDC, 2014; Clark, 2016). That number has now climbed to 14.4
million (CDC, 2021). Childhood obesity occurs when children develop an unhealthy
relationship with food and sleep, as well as an insufficient amount of physical activity, all of
which are consequences to high chronic stress levels (CDC, 2020b; van der Niet et al., 2015).
Of these factors, physical activity is the most vital in battling childhood obesity, and
improving the whole child which includes physical, cognitive, social, and emotional health
(ASCD, 2014). Regular physical activity, 150 minutes accumulated weekly, has been shown
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to reduce symptoms of stress, anxiety, depression, and attention deficit/hyperactivity
disorder, also known as ADHD (CDC, 2021; Clark & Rhea, 2017).
However, despite the well-known health benefits of regular physical activity, the
number of children with a sedentary lifestyle continue to climb. This decrease in physical
activity levels can be credited to numerous factors. One of those being that children are
required to sit for long periods of time throughout the school day, with only a few short
breaks. A huge misnomer in K-12 schools is that academic success is based on the quantity
of classroom content time given, not the quality of time (Clark, 2016; Clark & Rhea, 2016).
This has caused schools to lengthen the school day and year, as well as decrease or remove
time allotted for recess and physical education opportunities in an attempt to meet
standardized testing requirements. Unfortunately, these changes have had the opposite effect
on child’s academic success and has assisted in the increased number of children diagnosed
with anxiety, depression, if not both (Gray, 2011; Rhea & Rivchun, 2018). In fact, of the
children diagnosed with depression, 73.8% of them also have anxiety and 47.2% also have a
diagnosed behavior problem (CDC, 2020c). In addition, physical consequences of obesity in
conjunction with psychological issues results in unhealthy, unhappy children who become
unhealthy, unhappy adults (CDC, 2020b; CDC, 2020c; van der Niet et al., 2015).
In addition to battling overweight and obesity prevalence via regular physical activity,
proper development of executive function in the brain also depends on the stimulation and
challenge that physical activity provides (van der Niet et al., 2015). Executive function plays
a vital role in a child’s cognitive, behavioral, and social-emotional development and stability.
Consequently, children have a wide range of abilities, including inhibition (the ability to
focus attention to the task at hand), working memory (the ability to gather and control
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information), cognitive flexibility (the ability to switch attention due to stimuli), and planning
(the ability to think critically and problem solve). This causes great mental and emotional
stress for those children who struggle with attention and memory, especially when compared
to their peers (van der Niet et al., 2015).
Poor mental health symptoms have significant negative effects on a young child’s
wholistic development (Gray, 2017). Children develop at their own pace, but developmental
milestones give a rough timeline of when a child should be able to master certain skills.
Children surpass these developmental milestones in how they play, learn, communicate,
behave, and execute motor functions when they have opportunities to physically move and
play (CDC, 2020a). As one can most likely assume, if children are unable to have an
adequate amount of physical activity and play, developmental milestones, expanding
knowledge, and executing complex movements become more difficult to achieve (Gray,
2011).
Along with obesity and poor executive function development, the absence of outdoor
play puts children at risk for what Dr. Richard Louv has labeled “Nature Deficit Disorder”,
which also results in mental, emotional, and behavioral disorders and issues (Louv, 2010).
The more time children spend in nature, the better they can focus, improve their readiness to
learn, as well as their mental and physical well-being (Louv, 2009). Additionally, outdoor
nature experiences are known to trigger physiological restoration and stress recovery,
lowering the mental and physical risks of inactivity and high stress levels (Haluza et al.,
2014). Unfortunately, with the increased time in the classroom and decreased level of
physical activity, more and more children are falling behind age-appropriate milestones and
suffering from the side-effects of nature deficit disorder and chronic stress.
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Therefore, the absence of physical activity and play has led to an increase in stress
and anxiety, increased prevalence of obesity, decreased executive functioning of the brain,
and nature deficit disorder among today’s American children and youth, which is detrimental
to children’s physical, mental, emotional, and cognitive health and development. With these
consequences of inactivity, life at school is becoming more and more challenging and
discouraging for both children and teachers.
Through the ample opportunity for unstructured, outdoor play breaks, children learn
to make responsible decisions, think critically, and problem solve in addition to increasing
their physical health, mental focus, and creative thinking capacity (Rhea & Bauml, 2018).
Intervention programs have examined different aspects of the whole child and activity levels
in children over the past several years (Gray, 2011; Rhea & Bauml, 2018; van der Niet et al.,
2015). One of the most recent longitudinal interventions is measuring many different whole
child aspects is known as The LiiNK (Let’s inspire innovation ‘N Kids) Project. Through this
structural intervention of the school day, the research has shown that children’s off-task
behaviors in the classroom have significantly decreased, body fat percentages have been
altered in overweight children to be more healthy, attentional fatigue throughout the day is
decreasing in every child, as well as social-emotional behaviors are improving (Clark &
Rhea, 2017; Rhea & Rivchun, 2018). By the end of the school year, teachers report that
children are developing more prosocial behaviors, have improved empathy for others, and
they observe fewer bullying behaviors across the board (Clark & Rhea, 2017; Rhea & Bauml,
2018). This data shows additional play opportunities are essential in creating a productive
learning environment for children, reducing stress and anxiety in the classroom, and
improving each child’s overall well-being and academic success (Rhea & Bauml, 2018).
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Statement of Purpose
There are many areas that need more research attention among children and their
holistic development. This study focused on how stress, anxiety, and obesity are influenced
by increased outdoor play breaks throughout the school day. Therefore, the purpose of this
study was to examine the effectiveness of a multiple recess school intervention on chronic
stress patterns and obesity prevalence in elementary children compared to children receiving
standard recess time in elementary schools.
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CHAPTER TWO: REVIEW OF LITERATURE
It has been shown in previous research that play and physical activity have countless
positive effects on the physical and mental development and well-being of children (CDC,
2020b; CDC, 2020c; Clark & Rhea, 2017; Haluza et al., 2014; Gray, 2011; van der Niet et
al., 2015). This chapter will explore the theories of development and play, examine research
behind the whole child, and the impact of play and physical activity with children. The
benefits children receive through play are imperative, especially by providing them the
opportunity to utilize their creativity and develop socializing skills at a young age. There is a
reciprocal relationship between physical activity and the physical and psychological
dimensions of children which is crucial for a healthy progression to continue throughout
childhood and adulthood. This chapter will also explore the current state of research literature
on chronic stress in children, how it relates to their physical activity levels and healthy body
fat percentages, and the impact stress has on cognitive development and learning.
Jean Piaget’s Theory of Cognitive Development
Cognitive development is the gradual formation of thought processes throughout the
lifespan (Ahmad et al., 2016). According to psychologist, Jean Piaget, there are four
distinguishing cognitive stages a child goes through throughout development: sensorimotor,
preoperational, concrete operational, and formal operational. As children continually advance
into new stages of their cognitive development, their thinking and understanding becomes
significantly different (Hockenbury & Hockenbury, 2013). This continuous development
concentrates on how children learn, as well as receive and interpret information. These two
areas of growth include a child’s vocabulary, object permanence, consideration for others,
critical thinking, and memory (Ahmad et al., 2016). In other words, children are not
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gathering more information upon advanced development, rather children are processing and
understanding more of the information they have acquired.
Sensorimotor Stage. Starting at birth, children progress through the sensorimotor
stage until roughly two years old. In this stage, infants are discovering the world through feel,
taste, smell, and sound. Using these senses allows each child to experience and manipulate
objects, which increases their sensory awareness and knowledge. Later in this stage, children
are able to learn and expand their natural reflexes into gross and fine motor skills.
Throughout the sensorimotor stage, a child will progress from “out of sight, out of mind” to
object permanence. This cognitive progression is due to growth in understanding, memory
ability, and mental schemas of the world. Consequently, attachment issues may form in this
stage (Hockenbury & Hockenbury, 2013).
Preoperational Stage. Beginning roughly around two years old and lasting until
around seven years of age, the preoperational stage of cognitive development is the staple of
symbolic thought. Throughout this stage, children gain the capacity and ability to utilize
words, images, and symbols to make sense of the world. Within this stage, children’s
imaginations run free, giving them the power to expand their language greatly. However,
they will struggle to accept another person’s perspective and mentally reverse sequence of
events. Children will also have the tendency to only focus on one aspect of a situation at
time. This is where unstructured, pretend play makes the greatest positive impact on
cognitive development and abilities.
Concrete Operational Stage. Around age seven, children will begin progressing into
the concrete operational stage, where true logical thought begins to take place. However, it is
limited to definite objects and events. Children in this stage will struggle to logically think
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about hypothetical situations and ideas, unless they are within their past experiences. Peer
friendships begin to develop within this stage. However, these friendships will be limited to
those they have opportunities to play with. (Hockenbury & Hockenbury, 2013).
Formal Operational Stage. Children will begin progressing into the formal
operational stage around adolescence. Throughout this stage, systematic, scientific, and
logical problem-solving of hypothetical and existing issues become possible. In terms of
friendship, the relationship changes from who the children play with, to those that share trust,
compassion, loyalty, stability, and opinions. This stage will gradually continue and solidify
through the end of adulthood. Progression throughout this stage differs per individual
depending on their life experiences and interests.
Play and Cognitive Development. While Piaget believed that these stages were
biologically predetermined, he recognized that genetic and environmental differences
between children would influence their rate of cognitive development (Hockenbury &
Hockenbury, 2013). One of those environmental contributors is play. Besides the obvious
benefit in gross and fine motor development, utilizing play throughout developmental stages
can significantly impact a child’s creative abilities, including their imaginations, curiosity,
and level of exploratory activities. Play uses children’s imaginations and growing memories
to think and process events in the past, present, and future, which is essential in learning to
problem solve, make decisions, and cooperate with others. These skills typically progress the
most during the formal operational stage of cognitive development, beginning in
adolescence. However, they can begin forming as soon as age two, throughout the
preoperational stage of cognitive development.
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Play is also a great facilitator for children to uncover and understand the mechanisms
of the world, as well as navigate their way through their ambiances. From the experiences
that play provides, children additionally form the capability to communicate with adults and
other children regarding their thoughts and feelings (Ahmad et al., 2016). In fact, this ability
is enhanced especially throughout the use of pretend play, defined as play that incorporates
fantasy, make-believe, and symbolism. Children develop and strengthen cognitive, affective,
and social processes through pretend play. These cognitive processes solidify through
fantasy, symbolism, and complex thinking to create framework, a detailed storyline, and
characters. Due to their enhanced cognitive development, children who engage in pretend
play tend to have higher and more mature emotional control than their peers at all ages
(Hoffman & Russ, 2012).
The abundant developmental benefits stemming from play can be maximized
throughout open and free play, commonly referred to as unstructured play. This type of play
is natural to children, meaning the opportunities for learning and exploration are endless. In
order for play to be considered unstructured, the children need to be in complete control, the
activity can be done alone or with peers, materials or equipment are not required, and the
activity can occur throughout a variety of locations (Ahmad et al., 2016). Unstructured play
easily incorporates creative and pretend play; therefore, giving children the opportunity to
recreate and navigate through emotional experiences, resulting in increased emotion
regulation, as well as enhanced socialization abilities. These cognitive and emotional benefits
can be accomplished through play in five ways:
1. Demands children to make associations, which is an important part of critical
thinking.
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2. Results in the use of symbolism, combining ideas to create a storyline, and
repurposing present objects.
3. Permits expression and exploration.
4. Grants children the ability to contemplate positive and negative emotion themes.
5.

Assists in children to develop cognitive structure to contain, incorporate, and control

affect and emotions (Hoffman & Russ, 2012).
Past research has shown that children who dedicate more of their day to play, have higher
levels of cognitive ability and achievement at all ages, meaning their logical thinking and
problem-solving abilities are higher than their peers (Ahmad et al., 2016).
Peter Gray’s Theory of Play
The natural intuition for children to play can be dated back centuries, especially in
hunter-gatherer cultures. However, over the past 50 or so years, the children of the United
States have had a continuous decline in their opportunity to play and explore freely,
especially outside with other children and in schools (Gray, 2017). Dr. Peter Gray defines
play as freely chosen activities, determined by the children, with no conscious goal or
extrinsic achievement upon completion. In fact, Gray also states that the reason play is highly
impactful on a child’s psychological development is due to its self-directed and intrinsically
fulfilling nature. By this explanation, children are intrinsically rewarded during play because
they participate in it for the pure enjoyment they receive. A vital aspect to free, unstructured
play is the exclusion of adults, for then the nature of play changes with the introduction of
structure. It is crucial that children set their own rules and guidelines, and for adults to only
interfere if safety becomes a concern (Gray, 2017).
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Since the decline in play began almost 20 years ago now, our culture has witnessed its
negative consequences, such as stunted mental development, a decrease in creativity, and
issues socializing with their peers (Clark & Rhea 2017). Several causes contribute to the
decline in play, including increased time in the classroom, more at-home coursework, safety
concerns of children playing outside, and the dramatic rise in technology use and
availability.
Decline of Play in Schools
Children are expected to sit in a classroom for seven to eight hours during each
school day. In fact, the sharpened decline of physical activity throughout the school day has
been credited to the heightened pressure for successful test scores, resulting in lack of
opportunities for recess and increased academic time. Unfortunately, children are not making
up for being sedentary at school when they arrive home (Ahn & Fedewa, 2011). This means
that young children are not receiving the adequate amount of physical activity required for
healthy mental and physical development (Clark & Rhea, 2017).
With the combination of scoring well on standardized testing and a sharp decline in
levels of physical activity and play, it is clear why children’s mental and physical well-being
have diminished. This pattern has been coined “nature-deficit disorder” by Dr. Louv, as a
result of the lack of unstructured play outdoors. The outdoor environment produces natural
health benefits, including immediate stress relief and lowered blood pressure. When the
outdoors and play are missing, mental, behavioral, and developmental disorders increase,
stemming from chronic stress (Louv, 2009). The phrase, Nature-Deficit Disorder, is not a
medical diagnosis, but rather the physical and emotional cost of depleting the outdoors from
an individual’s daily routine (Louv, 2019). Play and physical activity levels are strongly
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correlated with stress and overall psychological health, which leads to poor physical health.
Obesity is a bi-product of sedentary lifestyles and stress in one’s life. Thus, it is necessary to
examine the effects of play and time spent playing on children’s stress levels and obesity
prevalence for the benefit of the whole child’s short- and long-term well-being.
Physical States
Health professionals are constantly advocating the physiological and psychological
benefits of physical activity for children and adults. Researchers have shown that children
who are physically active for at least 60 minutes a day have much lower levels of depression,
anxiety, and stress among children and adolescents (Ahn & Fedewa, 2011; CDC, 2020b).
Unfortunately, the growing patterns of inactivity and sedentary lifestyles leave children at an
increased risk of negative health effects, such as obesity, heart disease, diabetes, mental and
behavioral disorders, and other chronic diseases early in that child’s life (CDC, 2020b). The
CDC has concluded that less than 24% of children are meeting the 60-minutes a day
recommendation for physical activity, which is resulting in elevated percentages of children
diagnosed with obesity (2020d).
Effects of Inactivity. Obesity is a highly likely consequence of an inactive lifestyle,
and with this diagnosis, can begin a cascade of additional physiological and psychological
health problems (CDC, 2020b). As previously stated, in 2021, the CDC reported that around
14.4 million U.S. children and adolescents were prevalent for obesity. Related to the increase
in childhood obesity, the CDC has also reported a significant increase in depression, anxiety,
and behavior disorders in children. They have found that one in six children between the ages
of two and eight have been diagnosed with a mental, behavioral, or developmental disorder,
which has been correlated to chronic stress. They also report that of the children diagnosed
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with depression, 73.8% of them also have anxiety, and 47.2% have a diagnosed behavior
problem (CDC, 2020c).
These consequences of inactivity are molding the futures of children negatively,
which should not be ignored. Due to physical activity levels determining the physical and
mental health of individuals, it is vital that this relationship is explored even further. One of
the emotional factors greatly impacted by physical activity is happiness. It is critical that
children develop active habits in their lifestyle during early childhood, so that they can
develop into healthy, active adults (CDC 2020b; CDC 2019; CDC 2020c; Gray, 2011).
Psychological States
Children develop at an individual pace, but physical and cognitive developmental
milestones, give a rough timeline of when a child should be able to master certain skills.
These milestones and their rate of achievement, depend heavily on the opportunities provided
during play (CDC, 2020a). Research has shown that play has a direct impact on a child’s
mental health. Play contributes to a child’s development in numerous ways. Through play, a
child develops intrinsic curiosities and capabilities, decision-making skills, problem-solving
abilities, self-control, and respect of rules. It is through these positive effects, that play
promotes and improves a child’s mental health (Gray, 2011).
Research has also shown that along with the physical and cognitive benefits of play,
using it as an opportunity to increase a child’s socialization time and social development aids
in preventing behavior disorders, such as antisocial and narcissistic behaviors, and their
symptoms. Looking longitudinally, preventing these behaviors early in development also
avoids the increased risk of substance abuse, chronic mental health issues, and school
dropout for both male and female children (Catalano et al., 2003). When provided a plethora
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of play and socialization opportunities, children are at a decreased risk for poor physical,
mental, and cognitive health problems, which will follow them throughout their lives.
Poor physical health is associated with numerous negative health consequences. With
a rise in obesity as well as increased time spent on technology, the negative effects of passive
leisure are dominating child populations. While the physical factors are well understood by
the public, the psychosocial factors, such as stress and mood, are not as commonly
understood. Additionally, obese children and adolescents are reported to have a lower quality
of life and higher levels of psychological disorders. Researchers have further reported that
children diagnosed with health problems at an early age may have much higher chronic stress
risk throughout their childhood and into adulthood (Dalton et al., 2016). From these reports,
the possible relationship between a child’s physical health and their level of chronic stress
cannot afford to be neglected.
Impact of Stress
The word “stress” is commonly used in day-to-day dialect to describe a multitude of
events, but individuals struggle to define precisely what stress is for them. Psychologists
define stress as a negative emotional state in reaction to occurrences. Daily life is
overflowing with prospective stressors. Stress can affect the mind and body in many different
ways, including physiological responses and psychosomatic symptoms, resulting in a
decreased overall health (Hockenbury & Hockenbury, 2013).
Physiological Effects. In an attempt to understand the relationship between stress and
the body, past researchers have focused on how the nervous system acts with the endocrine
system, as well as the immune system. Early in this research, physiologist Walter Cannon
uncovered the immediate cascade of changes throughout the body in response to a stressful
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experience. Cannon named this rapid series of reactions as the fight-or-flight response
(Hockenbury & Hockenbury, 2013). The physiology behind the fight-or-flight response
requires the activation of the sympathetic nervous system to stimulate the adrenal medulla,
which releases catecholamines. With these hormones circulating through the body, via the
blood stream, they trigger quick and powerful changes in the body, resulting in either fight or
flight. While this mechanism of human physiology has the potential to save lives in harmful
situations, if the exposure to the stress-producing experience is persistent, the extended
arousal of the fight-or-flight response becomes detrimental to the physical health of an
individual over time (Hockenbury & Hockenbury, 2013). This prolonged period of arousal is
known as chronic stress.
Endocrinologist, Hans Selye, extended Cannon’s research on stress by focusing on
the effects of chronic exposure to stressors on the body. He found that regardless of the
stressor, the same pattern of alterations in the body occurred. This pattern was named general
adaption syndrome, and occurred in three stages: alarm, resistance, and exhaustion. The fight
or flight response consumes the alarm stage, preparing the body to meet its demands of the
stressing event. During the resistance stage, physiological arousal lessens but remains
elevated, creating a new baseline for hormone concentrations and arousal. Once the body
reaches the exhaustion stage, the fight or flight response returns, now irreversible. This
depletes the body’s energy reserves, leading to exhaustion and physical disorders. Selye’s
key finding was that chronic stress activates a secondary endocrine pathway that results in
the pituitary gland releasing adrenocorticotropic hormone (ACTH), which stimulates the
adrenal cortex to secrete corticosteroids, including cortisol. Chronic exposure to

15

corticosteroids results in weakened body systems, leading to a lower immune system, making
the individual more at risk to illness and disease.
During the 1970’s, an interdisciplinary field called psychoneuroimmunology
established the connection between the immune system, neurological system, and
psychological processes, as well as the impact they have on the rest of the body’s systems.
Within this discovery, research revealed that lymphocytes in the immune system have
receptors for neurotransmitters and hormones, including catecholamines and cortisol, as well
as the ability to produce these neurotransmitters and hormones. Following the establishment
of psychoneuroimmunology, researchers took a deep dive into the elements that influence an
individual’s stress responses, most of which were psychological factors or social influences
(Hockenbury & Hockenbury, 2013).
For children, stress is commonly portrayed through psychosomatic symptoms.
Complaints of stomach pain, headaches, and dizziness are becoming more prominent in
children, as a result of heightened stress, but the most common stress response reported from
school-aged children is tiredness. However, it has been shown that children reported with
recurring headaches often experience more stress and stress-related symptoms. These stressrelated symptoms include physical fatigue, the inability to relax, anxiety, fear, and
restlessness. As they grow into adulthood, the negative health outcomes progress into high
blood pressure, high cholesterol, obesity, and chronic diseases (Brobeck et al, 2007; Joëls et
al., 2006; Vogel & Schwabe, 2016).
Psychological Effects. Scientists have found that psychological processing plays a
vital role in determining how individuals react to stress, as well as the level of stress one
experiences. This means that those with a sense of control will experience a reduced impact
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from the stressors encountered. In turn, the reduced impact also decreases the feelings of
anxiety and depression that accompanies stress. This sense of control cannot only affect the
impact of stressful experiences, but long-term psychological health as well. This includes
increased positive emotions, including self-confidence, self-efficacy, autonomy, and selfreliance.
Conversely, a lack of control produces an elevated response to stressors, increasing
the concentrations of catecholamines and cortisol released. In addition to the physiological
responses, chronic stress can lead to pessimism and chronic negative emotions. (Hockenbury
& Hockenbury, 2013). Meaning that individuals with chronic stress are prone to feelings of
anxiety, depression, anger, and hostility. Living in the chronic state of negative emotions and
been shown to lead to chronic diseases, such as heart disease and arthritis. While living in a
chronic state of positive emotions are correlated with increased infection resistance,
decreased illness, less physical and emotional pain, and a longer lifespan.
Which emotional state an individual spends most of their time in can also be
correlated with their social support system. Research has shown that chronic loneliness is
typically accompanied by poor physical and mental health, decreased cognitive functioning,
and lower life expectancy. Close relationships play a crucial role in the ability to handle
stress, leading to a healthier life. It has also been shown that diverse relationships strengthen
and maximize the benefits of social support. Meaning, that individuals who are married, have
close relationships with family members, friends, and community members have the longest,
healthiest life expectancies (Hockenbury & Hockenbury, 2013). However, there are a few
crucial gender differences when it comes to social support. Generally, females rely on close
friendships and existing significant others for help and support, while males typically only
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rely on a significant other. Therefore, males are much more vulnerable to an increased risk of
social isolation. On the other hand, this increases female’s vulnerability to the challenging
aspects of social support. Females are more likely to serve as the sole support provider to
their male partner, which can greatly increase their own stress levels. Females are also more
likely to experience empathic stress, where they psychologically stress about the negative life
events that occur within their social support system. This leads to increased stress exposure
for females to overcome on a daily basis, putting them more at risk to the health
consequences of chronic stress (Hockenbury & Hockenbury, 2013).
For children, they not only pick up and carry around their peers’ stress, but their
parents/guardians and teachers as well. However, research has shown that children link most
of their stress in relation to school. This is due to the pressure placed on them to succeed in
school, and that it is more important than leisure activities (Brobeck et al, 2007). This aids in
the decline of play and physical activity, which is also adding to the decline in physical and
mental health researchers are finding in United States children, consequently reducing overall
development and success. With the added stress of academic success, less time to play and
socialize, and climbing levels of chronic stress and obesity among elementary school
children, schools are setting their children up for academic, physical, and cognitive failure at
all ages.
Learning Under Stress. As previously discussed, stress activates the autonomic
nervous system and the hypothalamic-pituitary-adrenal axis and their associated hormones
through the fight-or-flight response, which impacts the ability to learn and recall information
(Joëls et al., 2006). Almost 70% of elementary school children self-report feelings of stress
and anxiety. Stress-packed events are a common occurrence in the classroom. Deadlines,
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evaluations, and exams put an enormous amount of pressure on children to succeed. The
physiological changes initiated in the body by stressful experiences has a critical impact on
learning and memory processes.
While acute stress occurring directly before the encoding of new information
increases learning, chronic stress occurring long before encoding new information inhibits
successful learning. Therefore, in the presence of chronic stress, the brain is incapable of
incorporating new information into current memories, impairing learning and retention.
Along with inhibiting new learning, chronic stress also obstructs memory retrieval, which
can provide an underestimation of a child’s knowledge (Vogel & Schwabe, 2016). The
inability to learn new information is due to the suppression of perception and attention from
the increased level of corticosterone that occurs when stress is introduced prior to the event
(Joëls et al., 2006). Thus, allowing children to destress before events of learning or
information recollection has the opportunity to improve a child’s perception, attention,
retention, and recall of information in the classroom.
Measuring Chronic Stress. In addition to measuring chronic stress through perceived
psychosomatic symptoms, chronic stress can be measured using hair cortisol concentration
testing. Hair analysis has been used to monitor a variety of external exposures for many
years, including the detection of drug use. More recently, scientists have focused their
interests on measuring internally produced compounds in the hair (Russell et al., 2012). It is
commonly known that hair growth averages one centimeter each month, so scientists have
collectively agreed one centimeter of growth can be used to measure one month’s worth of
cortisol. This is a reliable measurement for up to five months of growth from the scalp,
providing data for that individual’s cortisol concentrations for the past five months (Russell
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et al., 2012). Unfortunately, there is insufficient research to determine any type of physical
intervention for chronic stress patterns in children. This study will investigate a potential
intervention through The LiiNK Project.
The LiiNK Project (Let’s inspire innovation ‘N Kids)
This intervention reflects two of the most important qualities children need daily in
order to be whole children and ultimately, whole adults. As classroom time increases, time
dedicated to physical activity and recess is decreasing greatly. However, despite the
increased time spent “learning,” test scores have not improved, resulting in the United States
continually falling in the international academic ranks. At the top of those ranks stands
Finland, which has a completely different approach to education than the United States (Rhea
& Bauml, 2018). In Finland, core classes (e.g., math, reading, and science), physical
education, and recess are all given equal amounts of allotted time. Children, also, do not
begin their formal education until they are seven years old. Their school days are much
shorter, with very limited work outside of the classroom, and no standardized testing among
children at any level. Possibly the most important factor of Finland’s academic success is the
15-minute play breaks each hour of the school day. Additionally, the children receive a
structured physical education class and a 30-minute lunch break. This school schedule allows
Finnish children to spend about three hours learning content, and around 60-minutes of
unstructured play (Rhea & Bauml, 2018).
Using the Finnish school system as a model, Dr. Debbie Rhea launched The LiiNK
Project, standing for Let’s Inspire Innovation ‘N Kids, throughout Texas and Oklahoma
schools. The LiiNK Project is working diligently to improve each child’s on-task classroom
behaviors, as well as their physical, emotional, and social well-being (Clark, 2016). The
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LiiNK Project is dedicated to increased time allotted towards physical activity and play,
creating equal focus toward content areas, and added character development activities. The
intervention consists of providing four 15-minute play breaks spaced throughout each day.
The children also receive daily 15-minute teacher-led character development lessons
(Positive Action, 2007).
The LiiNK Project has grown rapidly since 2014. Continuously, data shows that
intervention school children have significantly higher percentages of on-task behaviors in the
classroom, as well as a significant decrease in off-task behaviors than the children in their
matched control school. Additionally, children in intervention schools show a significant
increase in their academic performance, social growth, and emotional development. This
study will further explore The LiiNK Project’s interventions to determine if there are
differences in physical activity levels and the chronic stress levels of the children attending
intervention schools versus children in control schools (Clark, 2016; Clark & Rhea, 2017;
Rhea & Rivchun, 2018).
Summary
It is clear from previous research that a child’s overall health and well-being heavily
depends on play and physical activity. However, continued research is needed to explore the
impact of these factors on children’s stress levels. Due to the decline of play and physical
activity, with a rise in physical and psychological risks, it is critical to investigate this
relationship further. With minor adjustments, children should easily be able to meet physical
activity recommendations through play at school and at home. In order to do just that, this
study examined the relationship between play and physical activity levels, body composition,
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and chronic stress levels in children through The LiiNK Project intervention population and
control schools who have 30 minutes of recess daily from the same school district.
Research Questions
1. Is there a relationship between chronic stress levels and body fat percentage?
2. Will the Stress in Children (SiC) questionnaire have similar results to the hair cortisol
concentration (HCC)?
3. Are there chronic stress and body fat percentage differences in children with varying
amounts of daily, outdoor, unstructured play?
Hypotheses
Based on previous research and theories, this study will test the following hypotheses:
1. There will be a positive relationship between hair cortisol concentration and body fat
percentage.
2. There will be a positive correlation between the Stress in Children (SiC)
questionnaire and hair cortisol concentration results.
3. Intervention schools will show significantly lower levels of chronic stress.
4. Chronic stress levels will not differ within groups by gender.
5. The intervention schools will show significantly lower percentages of children with
body composition data in the overweight/obese category.
Significance of the Study
In order for a child to learn, have social growth, creativity, and improve their overall
well-being, a child must play. Many studies have defined this relationship among adolescents
and adults (Ahn & Fedewa, 2011; Clark & Rhea, 2017; Rhea & Rivchun, 2018; van der Niet
et al., 2015). However, there is not an abundance of research showing the influence of
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increased physical activity, through free play, on a young child’s stress levels. If a
relationship can be determined between these variables, play interventions may aid in helping
children become happier, more mentally stable/less depressed, and healthier individuals.
Assumptions
It was assumed that the results from the Stress in Children questionnaire would
portray similar results as the hair cortisol concentration results to see an accurate analysis of
each child’s chronic stress levels. It was also assumed that those helping with collection of
hair samples would follow the directions and guidelines properly, for results to be reliable
and valid.
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CHAPTER THREE: METHOD
This study explored physical activity levels, body composition, as well as perceived
and chronic stress levels among elementary school children. Children were identified through
The LiiNK Project’s participating school districts. The study used nearly equal numbers of
children from multiple-recess intervention schools and their control schools. With the known
benefits of physical activity and play on overall health, and the significant success of The
LiiNK Project, it is important to measure how added recess can impact a child’s body
composition and chronic stress levels. This chapter details the children, measures,
procedures, and data analysis used throughout this study.
Participants
Elementary school children (N=130) volunteered from fourth grade classrooms
(9yrs=98, 10yrs=29) within six North Texas public elementary schools, all within the same
school district and participating in The LiiNK Project. The six schools included three
intervention schools (N=64; M=35; F=29), and three control schools (N=66; M=31; F=35).
Intervention school children received 45-minutes of recess and a physical education (PE)
class each day, as well as a 15-minute character development lesson three times each week.
The control school allotted 30-minutes of recess and one PE class each day, with no character
development lessons. Children with granted parental consent, minor assent, and had hair at
least 1-inch in length were included in the study. Any initially available child who did not
assent to all parts of the study, did not have long enough hair, or was absent on the day of
data collection was excluded from the study.
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Measures
Four instruments were used in this study. First, basic demographics were collected on
age and gender. Second, the children completed the Stress in Children (SiC) questionnaire,
which analyzed perceived chronic stress. Third, a bioelectric impedance analysis scale was
used to provide body composition data. Finally, each child’s hair strand sample was gathered
and tested for cortisol concentration, better known as chronic stress.
Demographic Information. Demographic information for each child was shared
with the LiiNK Project through each school’s administrative assistant, with parental consent,
to obtain data regarding age (date of birth), gender, and homeroom. This information helped
the LiiNK team prepare for data collection regarding the child’s schedule/location on the day
of data collection, as well as preload de-identified profiles into the body composition
software program.
Stress in Children (SiC) Questionnaire. This 21-item questionnaire included three
subscales: presence of distress, lack of well-being, and lack of social support. For this study,
the 6-item lack of social support subscale was eliminated due to the focus of this study being
chronic stress, primarily shown through the distress and lack of well-being subscales. The
abbreviated survey of 15-questions captured the perceived anxiety, low levels of well-being,
and any presence of distress symptoms of each child through the distress (8-item) and lack of
well-being (7-item) subscales. These aspects can be reflected as a measure of the child’s
subjective health, including stress (Osika et al., 2007). Each question is scored on a 4-point
Likert scale: none (0), sometimes (1), often (2), and always (3). The final sum of all 15
questions results in a total score, where a greater sum indicates a higher degree of perceived

25

stress and/or distress symptoms. The two subscales are described as follows and can be seen
by item in Appendix C.
Distress Subscale. The distress subscale was designed to measure the presence of
distress and its severity. A lower perception of stress is associated with enhanced social
skills, increased life satisfaction, and decreased levels of anxiety and depression (Emmanouil
et al., 2020; Osika et al., 2007). The original eight items within this subscale were used in the
abbreviated SiC questionnaire. For this study, the subscale had a Cronbach’s alpha of .69.
Lack of Well-Being Subscale. This subscale refers to children’s general feeling of life
satisfaction or lack thereof. Low feelings of life satisfaction have been associated with
increased levels of stress, anxiety, and depression. It is also linked to low levels of
socialization and social development (Emmanouil et al., 2020; Osika et al., 2007). The
abbreviated SiC questionnaire used in this study included all seven items from the original
questionnaire. The lack of well-being subscale had a Cronbach’s alpha of .78 for this study.
Body Composition. Each child’s body composition was collected using bioelectrical
impedance analysis (BIA). The device used for this study was the Tanita BF 2000, which has
shown to be valid and reliable in measuring elementary-aged children’s body fat percentage
and fat-free mass (Kabiri et al., 2015). The Tanita BF 2000 uses metal plates on the base of
the scale to send a miniscule, unnoticeable electrical signal throughout the body. Since fat is
a poor conductor of electricity, it provides resistance on the electrical current. Therefore, the
higher level of resistance present in the electrical current throughout the body results in the
higher body fat percentage that the scale calculates. The scale computes fat mass, fat free
mass, body fat percentage, and BMI for each child after they stand on the metal plates
barefooted for 10-15 seconds.
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Prior to each child stepping on the scale, their height and birthdate was entered into
the software program to ensure the most accurate measurement possible. The scale does not
have any means to reveal the child’s weight or body fat percentage to them or anyone else
nearby. Rather, the data is uploaded to a computer software program dedicated to this
measure using Bluetooth capabilities. Children were then categorized into either
underweight/normal, overweight (26-, or obese based on their body fat percentage, age, and
gender using reference curves (see Appendix B) by McCarthy and colleagues (2016). These
reference curves are shown to be an accurate representation of body fat percentage and
cardiovascular-related health risks in obese children ages 5-18 (McCarthy et al., 2006).
Chronic Stress Level. After completing the body composition process of the study,
children were guided into a private room for hair sample collection. Hair cortisol
concentration (HCC) measures chronic stress levels in children and adults and has repeatedly
shown to be a reliable estimate of long-term cortisol secretion (Short et al., 2016). Hair
cortisol readings are also strongly correlated with other chronic cortisol measurements but is
ultimately the most accurate and reliable (Stalder et al., 2017). Historically, three months is
considered a reliable representation of chronic stress levels. Each centimeter of hair analyzed
concludes the average stress response, cortisol secretion, over a month’s period. Therefore,
each sample was at least 3cm in length. A hair sample, containing 30-50 strands, which is
smaller than half the width of a pencil was collected from the back of the head that does not
get frequent sun exposure. The laboratory analysis used in this study was an enzyme-linked
immunosorbent assay (ELISA) to evaluate the hair samples for cortisol concentration. Since
each individual’s hair has a different density, the weight of hair samples during laboratory
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analysis varied. Genetic-type testing was not possible in this study due to the absence of hair
follicle collection in the sample.
Procedures
Approval for The LiiNK Project was obtained through Texas Christian University’s
(TCU) Institutional Review Board (IRB). Included in the IRB application was a proposal
cover letter, the instruments, and the procedures used in The LiiNK Project. The additions to
The LiiNK Project (hair cortisol and SiC Questionnaire) for this study were sent for review
and approved (#1801-65). Once approval was obtained from the IRB, schools and parents
were notified (August 2021) of the opportunity to have their children’s chronic stress
assessed through The LiiNK Project later in the semester. Parents/legal guardians were sent
research packets that detailed the criteria to measure stress and were asked for informed
parent consent (see Appendix A) for their child to participate, with the knowledge that
informed assent would be obtained from their child at the time of data collection. If consent
by school administrators, teachers, parents, and/or children were not obtained, then those
children were not included in the study. Children were not pressured in any way to
participate, only educated on the multiple steps of this study.
Four TCU graduate students, one TCU senior-honors student, and one LiiNK Project
team member were the investigators for this study. Prior to data collection, there was a
training for all investigators, held by the primary investigator, to educate the rest of the team
members on how to operate equipment and programs, as well as properly complete
procedures. Due to rotating schedules, team members were provided written procedures on
administering the SiC questionnaire through Qualtrics, preparing and operating the Tanita BF
2000 scale and recording program, and the collection and storage process for the hair
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samples. Each measure had been previously used throughout The LiiNK Project, so each
team member had previously conducted them. Nevertheless, physical training and
demonstration was still provided to present team members each morning before data
collection (November 2021), as station assignments were given by the primary investigator.
Questionnaires. Since demographic information was collected from the school
administrative assistant, prior to the day of data collection, all children were assigned deidentified profile numbers. After a LiiNK team member input the child’s ID number, each
child was given access to an electronic device at the school to complete the abbreviated
Stress in Children Questionnaire (SiC) through Qualtrics (see Appendix C), and then
submitted through the internet before moving forward in the study.
Bioelectrical Impedance. Researchers collected the height of each child with their
shoes off prior to the beginning of data collection. Each child’s height and ID number was
then added to their previously created profile, containing their gender and date of birth, in the
BIA software program to track data during analysis. On the day of data collection, a station
was set up where children lined up in small groups to ensure efficiency. Children were
instructed to sit along an empty wall and remove their socks and shoes while waiting their
turn. Once it was their turn and prompted to do so, each child stood on the metal plates of
the scale. Within 10-15 seconds a light on the scale, between their feet, flashed green,
signaling that the measurement was complete, and the child could step off of the scale.
Following the completion of the child’s BIA data measurement, they were instructed
to put their socks and shoes back on while the researcher disinfected the scale for the next
child. Once the group of children were measured, the next group of children was guided to
the BIA station as the completed group was guided to the hair sample station. Each group of
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children completed the same steps and procedures. At the end of the day, all of the BIA data
collected was downloaded from the computer software program into Microsoft Excel to
prepare for data analysis.
Hair Cortisol Concentration. Once the group of children arrived from the previous
station, they were instructed to sit or stand against the outside wall of the private room. In
preparation to the hair sample collection, each individual child had the procedure reexplained to them after being directed into the private room, providing them another chance
to voice any discomfort with the procedure. This explanation included a visual demonstration
of the amount of hair that would be taken and explained that it is less than the amount they
lose from brushing their hair each day. They were also informed that the hair sample would
be collected from under the top layer of hair, and that the sample provides a measurement of
their stress hormone, cortisol. Following verbal explanation, each child was provided the
opportunity to ask questions, as well as confirm or deny their previously given assent. Any
child who denied their assent or voiced feeling uncomfortable was given permission to
quietly return to class.
Once individual children had confirmed their assent, their hair was measured with a
ruler from scalp to end, by pulling the hair gently. With clean, salon-grade scissors, comb
and clips, a non-latex gloved researcher combed and parted the hair horizontally along the
posterior vertex of the scalp between the tips of the ears. Once this was completed, the two
parts were separated with clips on the top and bottom. This exposed approximately a 5x10cm
rectangle of loose hair. Before making a cut, there was a prepared 8x10in sheet of aluminum
foil, a labeled Manilla envelope, painter’s tape, and a permanent marker nearby. Then, the
hair was carefully combed through, approximately 30-50 strands (roughly ½ the width of a
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standard #2 pencil) was grabbed, gently pulled away from the scalp, and twisted away from
the child’s closest ear. Using salon-grade scissors, a clean, straight cut was made as close to
the scalp as safely possible.
After the hair was cut, it was attached to the prepared sheet of aluminum foil using
the painter’s tape. The tape will attach the hair to the foil below the 3-4cm point on the hair.
After the hair is attached, it was indicated which side of the aluminum foil is the scalp end of
the hair, using the permanent marker. Followed by the foil being neatly folded, closing all
sides of the foil to ensure that the hair did not fall out. It was then placed inside the Manilla
envelope, sealed, and labeled with the child’s ID number, the date of collection, and the
initials of the primary researcher. The packaged hair samples were stored at room
temperature inside an air-tight storage container, within a locked classroom at Texas
Christian University, until analysis was completed.
Hair Cortisol Extraction. Once all hair samples were collected, they were
transported to the lab. Upon arrival to the lab, samples were divided into groups of 36, as
each microtitre plate tests 36 samples, in addition to the NSB (control) wells. After the
samples were divided into the four plate groups, the reagents and sample placements were
prepared for the first plate. From there, the first 36 hair samples were individually measured
and trimmed down to exactly 3cm in length, from the scalp end. Each sample was then
placed in a disposable, polypropylene tube, weighed, washed and dried. After the samples
have had 48 hours to dry, two steel beads were added to each sample, pulverized, and then
left to incubate in methanol for 24 hours. Next, the samples were centrifuged at 10,000 rpm
into a pellet, which evaporates the methanol out of the tube. Finally, cortisol is extracted
from the sample and placed into the microtitre plate for analysis using the high-sensitivity
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enzyme immunoassay (ELIZA) kit. After the raw data from the ELIZA was determined,
control ranges were computed using optical density, percent bound, and control
concentrations to form a 4-parameter non-linear regression curve fit. This standard curve is
different for each plate since each ELIZA kit comes with their own vials of solutions to be
used with the designated plate.
Data Analysis
All descriptive statistics were used to determine means and standard deviations of
demographic data for age and gender by group. Descriptive statistics were also used to
determine range, means, and standard deviations for body composition and hair cortisol by
group. Correlation tests were used to explore the relationship between hair cortisol and body
fat percentage, as well as hair cortisol and SiC scores. Independent t-tests were used to
determine if there were significant differences between children’s hair cortisol levels by
group (intervention or control) and gender (male or female), as well as, differences in age (9or 10-years-old) and group.
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CHAPTER FOUR: RESULTS
The following results represent hair cortisol levels, body composition data, and
perceived stress of fourth graders among six public schools (three intervention schools and
three control schools) in North Texas who participate in The LiiNK Project. The intervention
schools provide their children with 45-minutes of daily recess, one physical education (PE)
class daily, and a 15-minute character development lesson daily. The control schools provide
their children with 30-minutes of daily recess and a PE class daily.
This chapter is divided into four sections to address each of the research questions.
The first section provides descriptive statistics for the elementary aged children. The second
section provides the first research question results for the expected relationships between
chronic stress and body fat percentage. The third section provides the second research
question results for the relationship between the Stress in Children (SiC) questionnaire and
the hair cortisol concentration, and the final section provides the third research question
results for the body fat percentage and cortisol concentration differences between groups.
Descriptive Statistics
A total of 195 children had provided parental consent to participate in this
study. Sixty-five of those children were excluded due to not feeling comfortable participating
in all sections of the study, or did not have hair long enough for sampling, or were absent on
the day of data collection. Therefore, this study yielded a sample size of 130 children
(intervention = 64, control = 66).
The intervention children were more similar in age (M = 9.17) than the control school
children (M = 9.34). For intervention schools, 84% of the children were 9 years old and 16%
of the children were 10 years old. Whereas, in the control school sample, 70% of the children
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were 9 years old and the other 30% were 10 years old. These percentages reflect that the
control group had a developmentally larger number of mature children than the intervention
school group.
In general, the average body fat percentage across the intervention group is M =
25.0%, while the control group’s average body fat percentage is M = 25.6%. When
examining whether each group’s body fat percentages are categorizing the children as
healthy, overweight, or obese, the following was found. The intervention group recorded
57.8% of the children in the healthy body fat category, 10.9% of the children in the
overweight body fat category, and 31.3% of the children in the obese body fat category. The
control group recorded 56.1% of the children in the healthy body fat category, 15.2% of the
children in the overweight body fat category, and 28.7% of the children in the obese body fat
category.
When exploring hair cortisol descriptive statistics, it was found that the lowest weight
of any hair sample was 5.80 milligrams (mg), while the highest sample weight was 115.30
mg (M = 33.01, SD= 16.43). The lowest concentration of cortisol found in any sample was
0.24 picogram per milligram of hair (pg/mg). The highest cortisol concentration examined in
this study was 221.04 pg/mg (M = 12.27, SD= 30.38). Control group children’s average
cortisol concentration was found to be higher than the overall sample average (M = 18.40,
SD= 41.25). Meanwhile, the intervention group children had an average cortisol
concentration well below the overall sample average (M = 5.85, SD= 6.26). Table 1 presents
the descriptive statistics for age, height, weight, body fat percentage, and hair cortisol for
each group by gender.
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Table 1
Descriptive Statistics by Group and Gender
Group

Gender

Descriptive

Mean ± SD

Male
(N=30)

Age
Weight (lb.)
Height (in)
Body Fat %
CORT (pg/mg)
Hair Weight (mg)

9.27 ± 0.52
82.89 ± 21.60
53.73 ± 3.19
24.22 ± 8.01
15.91 ± 40.18
26.07 ± 7.84

Female
(N=36)

Age
Weight (lb.)
Height (in)
Body Fat %
CORT (pg/mg)
Hair Weight (mg)

9.43 ± 0.56
85.94 ± 20.06
54.69 ± 2.36
26.85 ± 6.93
20.53 ± 42.60
38.72 ± 9.29

Male
(N=35)

Age
Weight (lb.)
Height (in)
Body Fat %
CORT (pg/mg)
Hair Weight (mg)

9.17 ± 0.38
80.97 ± 21.89
54.80 ± 2.72
22.62 ± 9.15
6.95 ± 7.67
25.07 ± 15.08

Female
(N=29)

Age
Weight (lb.)
Height (in)
Body Fat %
CORT (pg/mg)
Hair Weight (mg)

9.15 ± 0.37
91.04 ± 32.27
55.58 ± 2.96
27.95 ± 9.22
4.56 ± 3.34
43.63 ± 22.95

Control
(N=66)

Intervention
(N=64)

Descriptive statistics for the Stress in Children (SiC) questionnaire by group can be
found in Table 2, while group by gender statistics can be found in Table 3. The total score
reflected the amount of perceived stress of the individual. The higher the number the more
perceived stress. The highest score possible for the total questionnaire is 45. The minimum
score from this study’s children was 9 and the maximum score was 31 (M = 21.53, SD=
4.06). For the total SiC score, the average for control school children was above the overall
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mean, while intervention school children averages were below the overall mean of the
sample.
For the first subscale, Lack of well-being, the higher the score the higher perception
of well-being, while the lower score represents a higher perception of stress. The highest
possible score for Factor 1 is a 21. The minimum score from this study’s children was 4 and
the maximum score was 21 (M = 13.75, SD= 3.93). For the total Factor 1 score, the score
averages for control school children were above the overall mean, while the intervention
children’s score averages were below the overall mean of the sample.
On the second subscale, Presence of Distress, the higher score equates higher
perceived stress. The highest score possible for Factor 2 is a 24, the minimum score from this
study’s children was one and the maximum score was 18 (M = 7.79, SD= 3.26). For the total
Factor 2 score, the score averages for the male children from both groups are below the
overall mean of the sample.

Table 2
Stress in Children Questionnaire Statistics by Group
Group
Control
(N=66)
Intervention
(N=64)
Total
(N=130)

Subscales
SiC Total
Lack of Well-Being
Distress
SiC Total
Lack of Well-Being
Distress
SiC Total
Lack of Well-Being
Distress
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Mean ± SD
22.23 ± 4.02
14.54 ± 3.78
7.74 ± 3.49
20.77 ± 4.00
12.95 ± 3.96
7.66 ± 3.04
21.53 ± 4.06
13.75 ± 3.93
7.70 ± 3.27

Table 3
Stress in Children Questionnaire Statistics by Group and Gender
Group

Control
(N=66)

Gender

Subscales
SiC Total
Lack of Well-Being
Distress
SiC Total
Lack of Well-Being
Distress
SiC Total
Lack of Well-Being
Distress
SiC Total
Lack of Well-Being
Distress

Male
(N=30)
Female
(N=36)
Male
(N=35)

Intervention
(N=64)

Female
(N=29)

Mean ± SD
21.82 ± 4.16
15.18 ± 3.45
6.64 ± 3.26
22.58 ± 3.94
14.00 ± 4.00
8.58 ± 3.54
20.80 ± 4.26
13.03 ± 4.17
7.77 ± 3.18
20.74 ± 3.77
12.70 ± 3.93
8.04 ± 2.79

Research Question 1: Cortisol Concentration and Body Fat Percentage
The first research question examined the expected relationships between chronic
stress and body fat percentage. A Pearson correlation was used to determine any relationships
for group and gender. The overall correlation revealed that there was no relationship
between chronic stress and body fat percentage, r(130) = -.056, p= .533. Therefore,
Hypothesis 1, which stated there would be a positive relationship between hair cortisol
concentration and body fat percentage, was rejected. Even after exploring the possible
differences by group and gender, there were still no relationships found. Group, gender, and
total correlations are displayed in Table 4.

37

Table 4
Group, Gender, Body Fat Percentage, and Cortisol Correlations

Group

Gender

Body Fat%

CORT
(pg/mg)

Body
Fat%
-.034
.703

Group

Gender

Pearson Correlation
Sig. (2-tailed)

1

-.092
.296

N
Pearson Correlation
Sig. (2-tailed)
N

130
-.092
.296
130

130
1

Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)

-.034
.703
130
-.207*
.019

.231**
.008
130
.040
.654

130
-.056
.533

127

127

N

127

130

130
.231**
.008
130
1

CORT (pg/mg)
-.207*
.019
127
.040
.654
127
-.056
.533
127
1
127

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

Research Question 2: Cortisol Concentration and SiC Scores
The second research question explored the possible relationship between the Stress in
Children (SiC) questionnaire and the hair cortisol concentration results among children. A
Pearson (r) correlation analysis revealed that there was no relationship among cortisol and
SiC total scores, r(116) = -.019, p= .843, therefore Hypothesis 2, stating there would be a
positive correlation between the Stress in Children (SiC) questionnaire and hair cortisol
concentration results, was rejected. The correlation results are presented in Table 5, showing
that there were no significant correlations with cortisol and the SiC questionnaire. However,
through a one-way ANOVA, it was revealed that control group children scored themselves
significantly higher on the well-being subscale than intervention group children, F(1,119) =
3.89, p= .026.
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Table 5
Group, SiC Total, SiC Distress, SiC Well-being, and Cortisol Correlations
Group

Group

SiC
Distress
SiC Wellbeing

SiC Total

CORT
(pg/mg)

Pearson Correlation
Sig. (2-tailed)

1

N
Pearson Correlation
Sig. (2-tailed)
N

130
-.013
.888
126

SiC
Distress
-.013
.888

SiC Wellbeing
-.203*
.025

126
1

121
-.382**
.000
118

118
.428**
.000
118

127
.087
.334
124

1

.671**
.000
118
1

-.069
.461
118
-.019
.843

126

Pearson Correlation -.203*
Sig. (2-tailed) .025
N
121
Pearson Correlation -.180
Sig. (2-tailed) .051

-.382**
.000
118
.428**
.000

N
118
Pearson Correlation -.207*
Sig. (2-tailed) .019
N
127

118
.087
.334
124

121
.671**
.000
118
-.069
.461
118

SiC Total
-.180
.051

118
-.019
.843
116

CORT
(pg/mg)
-.207*
.019

116
1
127

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

Research Question 3: Group Cortisol and Body Fat Differences
The third research question investigated body fat percentage and cortisol
concentration differences between groups. Using an independent samples t-test, it was
discovered that intervention group children showed significantly lower cortisol
concentrations, t(125) = 2.37, p = .019. It was hypothesized that intervention schools would
show significantly lower levels of chronic stress, therefore Hypothesis 3, which stated that
intervention schools would show significantly lower levels of chronic stress, was accepted.
Utilizing a one-way ANOVA to investigate cortisol differences further, it was revealed that
there were no differences when comparing gender within groups, F(1,128) = 1.10, p= .296.
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Therefore, Hypothesis 4, stating that chronic stress levels would not differ within groups by
gender, was accepted. These comparisons are shown in Figure 1. An independent samples ttest revealed no significant differences in the overweight/obese categories, t(30.49) = -.686,
p= .498, which is displayed in Figure 2. Therefore, Hypothesis 5, which states that
intervention schools will show significantly lower percentages of children with body
composition data in the overweight/obese category, was rejected.

Figure 1
Average Cortisol Concentration by Group and Gender

Average cortisol concentrations of fourth graders are shown for intervention and control
groups, as well as male and female above. Average cortisol concentrations were calculated as
intervention group children have significantly lower cortisol than control group children,
p=.019.
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Figure 2
Overweight/Obese Children by Group

Average body fat percentages, within the overweight and obese categories, of fourth graders
are shown for intervention and control groups above. There were no significant differences
found between groups within either of these categories, p=.498.
To examine the cortisol concentrations further, one-sample t-tests were conducted to
compare the average cortisol concentrations of the 9-and-10-year-olds by group in this study
with past research average cortisol concentrations by group and age (Noppe et al., 2014). The
first t-test exposed that the average cortisol concentration for control group 9-year-olds were
significantly higher than the previous study’s average (6.8 pg/mg), t(43)=2.32, p= .025.
Additionally, the second t-test revealed that the average cortisol concentration for
intervention group 10-year-olds were significantly lower than the previous study’s average
(8.5 pg/mg), t(9) = -4.42, p=002. Figure 3 shows these differences by age and gender.
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Figure 3
Average Cortisol Level Comparisons by Age and Group

Average cortisol concentrations are shown above for 9- and 10-year-olds by group. Average
cortisol concentrations for control group 9-year-olds were significantly higher than the
previous study’s average (6.8 pg/mg), p=.025. The average cortisol concentration for
intervention group 10-year-olds were significantly lower than the previous study’s average
(8.5 pg/mg), p=002.
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CHAPTER FIVE: DISCUSSION
This study was designed to investigate the differences between perceived and chronic
stress levels and obesity prevalence for fourth grade children who received The LiiNK
Project intervention versus fourth grade students following a standard recess and physical
education class schedule (control group). The LiiNK Project intervention implemented three
15-minute outdoor, unstructured recesses and three 15-minute weekly character development
lessons. The control group children in this study were provided two 15-minute play breaks
daily and no character development lessons.
With sedentary lifestyles leading the lives of today’s youth, obesity prevalence has
become one of the most concerning health risks plaguing children today (CDC, 2020c; 2021;
2022). The implementation of 45-minutes of daily recess, defined as unstructured, outdoor
play, leads to increased physical activity throughout the school day. Therefore, children with
higher levels of physical activity and play have shown improved physical, psychological, and
cognitive development and function. The decline of play across schools in America has only
been exacerbated by the health consequences of the COVID-19 pandemic, including higher
stress and obesity prevalence among children (CDC, 2022).
To date, very little research has assessed the relationships between perceived and
chronic stress (e.g., cortisol levels) and body fat percentages. Therefore, this thesis examined
the impact of added daily play breaks, as a result of The LiiNK Project, on perceived and
chronic stress patterns and obesity prevalence in fourth grade children. First, the descriptive
statistics of this study are discussed, followed by a discussion about each of the three
research questions. Then, the limitations of the study are discussed, ending with
recommendations for future research in this realm.
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Descriptive Statistics
Sample Size. The total sample size of this study was evenly distributed across the
two groups (intervention=49%, control=51%), and gender (male=51%, female=49%), which
produced reliable data statistics. The groups by gender were also evenly matched. Within the
intervention group, representing 55% male and 45% female, while the control group
represented 47% male and 53% female. The only discrepancy between groups was the age
distribution. This sample was comprised of 75% 9-year-olds and 22% 10-year-olds. Due to
the exceptionally low population of 11-year-olds in this sample (3%), these children were
excluded from all age comparisons because researchers did not feel that any of the findings
would produce accurate representations outside of this study.
Body Composition. The average intervention group body fat percentages were
25.0%, while the control group’s average was 25.6%. These averages give the impression
that each group is healthy. However, only 57.8% of the intervention children and 56.1% of
the control children were categorized as having a healthy body fat percentage. When
examining gender differences by group, it was revealed that the females in both groups had
higher body fat percentages than the males. This is an expected outcome due to the
physiological predisposition between males and females, where females have naturally
higher body fat percentages for protection of the reproductive system (Golec et al., 2014;
McCarthy et al., 2006; Wat et al., 2021).
Hair Cortisol Concentration. Hair cortisol samples were obtained over the course of
10 days in mid-November for all six schools. Children can be assessed for chronic stress over
three months with the collection of 3 cm of hair. This ensured that all samples represented
the same period of cortisol secretion, August through the beginning of November. This was
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very important since all students were required to attend school together again for the first
time since the lifting of the COVID-19 mandates. It was crucial for this study to focus on the
impact of The LiiNK Project intervention in the post-COVID school environment.
Stress in Children Questionnaire. This survey was given to compare physiological
distress, through hair cortisol concentration, with how well the child perceived their distress
levels to be. When comparing SiC total scores between groups, it was noticeable that the
control group males (21.82 ± 4.16) and females (22.58 ± 3.94) perceived themselves to be
more stressed than the intervention males (20.80 ± 4.26) and females (20.74 ± 3.77). When
inspecting further, females from both groups expressed lower perceived psychological wellbeing and higher perceived distress than the males from both groups (Emmanouil et al.,
2020; Osika et al., 2007).
Research Question 1: Cortisol Concentration and Body Fat Percentage
Chronic hair cortisol concentration and body fat percentage levels were not found to
be related. This was an unexpected result due to increased fat storage being a physiological
by-product of high chronic stress levels. Since it is known that the human body secretes
excess hormones, like cortisol, with chronic exposure to stress, we expected to see negative
health outcomes in this study such as increased body fat, poor mental health, and increased
stress and anxiety (Brodbeck et al., 2007; Golec et al., 2014; Hockenbury & Hockenbury,
2013; Joëls et al., 2006; Vogel & Schwabe, 2016; Wat et al., 2021). Given that sedentary
behaviors were encouraged and supported, as a result of the two-year COVID-19 isolations,
it wasn’t surprising to see abnormally high levels of body fat percentages when the children
came back to school (CDC 2022). Meaning that children, regardless of group, began the
school year at a much higher body fat percentage than before the pandemic. Thus, at the time
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of data collection, The LiiNK Project intervention had not had enough time to make a
significant impact on body fat percentages post COVID. Also, once children reach the obese
level, they will most likely need a nutrition intervention in addition to exercise in order to
decrease their fat mass (Farbo et al., 2020). Whereas, when offering unstructured, outdoor
play daily for 45 minutes post-COVID in the elementary school, children seem to have a
strong relationship with chronic hair cortisol concentrations.
Research Question 2: Cortisol Concentration and SiC Scores
Hair cortisol concentration and Stress in Children questionnaire scores were not
found to be correlated. However, a one-way ANOVA revealed that control group children,
on average, ranked their well-being significantly higher than those in the intervention group,
but there were no significant differences between group total scores for the distress subscale.
On the other hand, there was a significant, negative relationship between the distress and
well-being subscales. Meaning that as children ranked their well-being higher, their distress
score dropped. This is the expected outcome, and supports past research findings (Osika et
al., 2007).
However, children in this age group may not yet be capable of separating the
emotional cost of their own stressors versus the stressors of the important people around
them which explains why the physiological stress level doesn’t seem to relate to the
perceived individual stress level. Absorbing the cognitive and emotional impact of others’
stress has been termed “empathic stress,” and it occurs up until adolescence, where male and
female children share and carry the stress of their friends and family in addition to their own
(Hockenbury & Hockenbury, 2013). Past research also shows that children do not perceive
their chronic stress accurately. They adapt to and overcome chronic stressors, no longer
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cognitively recognizing factors as stressful, while dwelling on daily inconveniences.
Therefore, as their chronic stress levels increase, they may underestimate or overestimate
their well-being or stress based on their current cognitive and/or emotional states
(Emmanouil et al., 2020; Michels et al., 2012; Osika et al., 2007).
Research Question 3: Group Cortisol Concentrations and Body Fat Differences
Intervention group hair cortisol concentrations were found to be significantly lower
than the control group children, which is where the results of this study reflect the positive
impact of The LiiNK Project intervention. By increasing daily play, children are provided
ample opportunities to strengthen their abilities to communicate with adults and other
children about their thoughts and feelings. Along with strengthening their ability to
communicate their thoughts and feelings, play also improves their emotional regulation
through amygdala engagement and development. Therefore, the group differences in hair
cortisol are supported by past play research (Ahmad et al., 2016; Clark & Rhea, 2017; Gray,
2011; 2017; Hoffman & Russ, 2012).
In adults, females typically have higher stress levels than males. This is generally due
to males’ reliance on the significant females in their life for emotional support, while females
usually rely on other females. This leads to females experiencing and carrying around each
other’s and their significant other’s stressors and burdens, in addition to their own. Prepubescent children also experience this, referred to as empathic stress. However, unlike
adults, children cannot yet decipher their stressors and/or coping mechanisms. This can cause
elevated levels of chronic hair cortisol, without their perceived stress levels being altered
(Brobeck et al., 2007; Hockenbury & Hockenbury, 2013). Therefore, as expected, no gender
differences were found within the group hair cortisol concentrations. However, there were
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significant differences between ages. Compared to past research studies that utilized hair
cortisol concentration in children, we were expecting to see the 9-year-olds’ average cortisol
to be around 6.8 pg/mg, and the 10-year-olds’ average cortisol to be roughly 8.5 pg/mg. This
study found that control group children of both ages were well above these expected
averages, while the intervention group children were below the expected averages. It is also
worth noting that both groups’ 9-year-olds had higher cortisol levels than the 10-year-olds,
even though past research suggests that cortisol should increase with age (Noppe et al.,
2014). These results show that The LiiNK Project is successful in significantly decreasing
children’s chronic stress levels through their multiple play break intervention, regardless of
gender or age.
As previously discussed, this study had elevated body fat percentages across both
groups. Unfortunately, this meant that there were no significant differences in those children
with body fat percentages in the overweight and obese categories between groups. It is
believed that these results are tied to the increase in sedentary behaviors throughout the
COVID-19 pandemic. In a recent study conducted by the CDC, it was revealed that obesity
prevalence has nearly doubled in children over the last two years. Prior to COVID-19, the
obesity prevalence in children was already at 20.3%, meaning that it is now roughly around
40%. Their findings match the results of this study as well. Of the intervention group
children, 42.2% of them were categorized as overweight or obese. While 43.9% of the
control group children were within those categories. With increased obesity prevalence
showing in children across the nation, they are at an even higher risk for suffering from
chronic stress, anxiety, depression, and behavioral disorders. This is where The LiiNK
Project intervention is vital to children’s overall health and well-being.
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It has been repetitively shown in past research that there are abundant psychological
benefits, in addition to the physical benefits, through outdoor, unstructured play (Ahmad et
al., 2016; Clark & Rhea, 2017; Dalton et al., 2016; Gray, 2011; 2017; Hoffman & Russ,
2012; Louv, 2009; 2019). Therefore, implementation of The LiiNK Project’s multiple recess
intervention will continue to keep children’s chronic stress levels low, regardless of body fat
percentage, by allowing them a natural stress relief through play and improved cognitive and
executive functioning. Additionally, with the increased opportunities for physical activity,
obesity trends are likely to decrease when more months of the school year provide 45
minutes daily of recess to accumulate physical activity. This idea is supported by pre-COVID
research within The LiiNK Project (Clark & Rhea, 2017; Farbo, 2017; Farbo et al., 2020;
Rhea & Bauml., 2018; Rhea & Rivchun, 2018).
Limitations
One major limitation to this study was the COVID-19 pandemic. At the time of data
collection, students had just returned to in-person classes for the first time in 18-months. Due
to the pandemic, all students attended virtual classes and were not required or capable of
being physically active throughout the day with their peers. This means that there is a
possibility that the timing of this study does not portray the full potential of The LiiNK
Project intervention. Another limitation of this study was that expected cortisol levels were
taken from pre-COVID research, meaning that those averages could be an underestimation of
the true stress levels in today’s society.
Lastly, our data pertained to the bioelectrical impedance scale, which relies on
hydration status of the individual for accurate electrical flow. However, researchers cannot
control hydration status, especially in children, since it cannot be fixed in a short time period.
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In attempt to overcome this barrier, all data was collected within the first two hours of the
school day, prior to any recesses or physical education classes. This was to ensure that all
children were recorded at their highest level of hydration.
Future Directions
Future research should explore how interventions, such as the LiiNK Project, impact
children of other grade levels, as well as longitudinally, for body composition and hair
cortisol. Future studies may explore the potential relationship between hair cortisol
concentrations and daily somatic complaints, especially among the younger grade levels.
Also, future research could compare chronic stress levels to bi-annual and longitudinal
academic performance. There is a vast need for research on learning barriers and
interventions for children of all ages. Too often, it is assumed that conducting adult or parentreport research provides a clear picture of what is happening to and within children. Doing
so, children as young as 5-years-old are now expected to sit at a desk for at least six
consecutive hours a day for classroom learning. The results of this study support that children
who receive multiple play breaks in their school day are less chronically stressed. Those
children are then more prepared cognitively to focus and engage their minds inside the
classroom, thus providing the opportunity for increased academic performance. This study
also denotes that those children will have improved whole-body development and better
physical and mental health throughout their lives. However, it is necessary to continue
exploring these relationships among children and unstructured play.
Summary
From the data collected during this study, it is evident that students receiving The
LiiNK Project’s multiple play break intervention are significantly less stressed than those
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who do not. The intervention school students were closely matched with the control school
students on most factors, including school type (public), demographics, family
socioeconomic status, and teacher-to-student ratio, except for the inclusion of The LiiNK
Project intervention throughout their school day. It is then plausible to assume that additional
recesses have a strong benefit on student’s chronic stress levels across ages, even with as
little as 15 more minutes.
This study is among the first to examine how unstructured play breaks throughout the
school day influence a child’s chronic stress levels. It is evident there are an abundant
number of benefits to physical and psychological development and well-being from being
physically active, as discussed in chapters one and two. However, these results provide
evidence that multiple play breaks throughout the day contribute to lower chronic stress
levels among elementary school children, as well as providing ample opportunities for
children to be physically active on a daily basis. With obesity and mental health disorders on
the rise, as well as United States students’ academic performance on the decline, these results
cannot be overlooked or dismissed.
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Appendix B.
Body Fat Reference Curves by Age and Gender
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Appendix C.
Stress in Children Questionnaire Items by Subscale
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STRESS IN CHILDREN QUESTIONNAIRE ITEMS BY SUBSCALE

Subscale 1:
Lack of Well-being

Subscale 2:
Presence of Distress

Number

Question

Item 3

I like going to school

.653

Item 4

I feel calm and happy

.616

Item 8

I like to be at school

.667

Item 9

I fall asleep easily at night

.542

Item 10

I feel calm

.651

Item 11

I feel happy

.650

Item 12

When I am happy, I show it

.444

Item 1

I get angry

.348

Item 2

I get headaches

.286

Item 5

I get stomach pains

.363

Item 6

I feel lonely

.481

Item 7

I get sad

.522

Item 13
Item 14
Item 15

Sometimes I do not reach the goal
I have planned
Sometimes I can’t manage the
things I have to do
It is easy to concentrate during
lessons at school
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.480
.612
.219

ABSTRACT
The purpose of this study was to examine the influence of unstructured daily play
participation on chronic and perceived stress patterns and obesity prevalence in elementary
school children compared to children receiving standard recess time in elementary schools.
Fourth grade students (n=130) from six north Texas public schools were assessed using the
Stress in Children (SiC) Questionnaire, hair cortisol concentration, body fat percentage, and
whether they engaged in 30 minutes or 45 minutes of unstructured play daily. Three schools
of students (control; n=66) engaged in 30 minutes of recess daily and three schools of
students (intervention; n=64) engaged in 45 minutes of recess daily. SiC questionnaires were
administered to each participant on an electronic device via Qualtrics to obtain their
perceived chronic stress level. Hair samples were collected to assess the actual chronic
cortisol level in each child. The cortisol was analyzed using ELISA protocol following
cortisol extraction procedures. Bioelectrical impedance scales were used to collect fat
percentage of each student. Previous research shows the average 9-year-old will have a hair
cortisol level of 6.7 pg/mg, and the average 10-year-old will have a hair cortisol level of 8.5
pg/mg. An independent samples t-test showed the intervention group was significantly less
chronically stressed than the control group (p = .018). The intervention students showed
below average levels of chronic stress (9-year-olds = 6.27 pg/mg and 10-year-olds = 3.67
pg/mg) while the control school children were at or above average levels of chronic stress (9year-olds = 20.89 pg/mg and 10-year-olds = 13.16 pg/mg). No significant group differences
were found in SiC scores or body fat percentages (>.05) of participants. Overall, findings
suggest 45 minutes of unstructured, outdoor play has a positive impact on lowering chronic
cortisol levels. For children participating in at least 30 minutes of unstructured, outdoor play,
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body fat levels, on average, will be healthy, but 45 minutes is significantly more beneficial
for decreasing and managing chronic stress.
Keywords: children, unstructured play, chronic hair cortisol concentration, body fat
percentage, obesity prevalence, The LiiNK Project
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