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ABSTRACT 

 

THE IMPACT OF STAND-BIASED DESKS ON AFTER-SCHOOL PHYSICAL ACTIVITY 

BEHAVIORS IN CHILDREN 

 

by 

 

Nathan R. Tokarek 

 

The University of Wisconsin-Milwaukee, 2017 

Under the Supervision of Ann M. Swartz, Ph.D. 

 

 

 The purpose of this study was to assess changes in after-school time spent performing 

sedentary behavior (SB), light intensity physical activity (LPA), and moderate to vigorous-

intensity physical activity (MVPA) among elementary school children in response to the 

introduction of stand-biased desks in the classroom. Thirty-one 6th grade participants randomly 

assigned by their teacher to a traditional (CON) or stand-biased (INT) desk provided complete 

accelerometer data. After-school PA and SB were measured on four consecutive weekdays at 

baseline and 10-weeks. Wilcoxon Rank Sum Tests were used to detect significant differences 

(p<0.10) in changes in the proportion of after-school wear time performing SB and PA between 

groups. Results suggested no significant differences in changes in after-school time performing 

SB (p=0.770), LPA (p=0.740), or MVPA (p=0.470). Significant differences in the change in 

moderate PA (INT: -1.4%; CON: -0.2%, p=0.093) were detected. Stand-biased desks were not 

detrimental to children’s after-school PA and SB.  
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CHAPTER I: INTRODUCTION 

 

Background 

Sedentary behavior (SB) refers to any type of waking activity characterized by low levels 

of energy expenditure while in a seated or lying position (SBRN, 2012). The Canadian Society 

of Exercise Physiology recommends that youth from 5-17 years of age engage in no more than 

two hours of screen time, a surrogate measure of SB, per day (Tremblay et al., 2016). Among 

adolescents aged 6-11 years, 39.4% met the screen time guidelines in 2014, however this number 

declines with age (NPAP, 2016). In children, too much SB has been linked with an increased risk 

of becoming overweight or obese (Danner, 2008), decreases in aerobic fitness (Hardy et al., 

2009), and an increase in metabolic risk-factors such as higher serum cholesterol levels (Hancox 

et al., 2004), and hypertension (Dasgupta et al., 2006). SB also has a psychological impact, with 

high levels of screen time being negatively associated with self-esteem, academic achievement, 

and psychological well-being (Costigan et al., 2013; Goldfield et al., 2007; Robinson et al., 2003; 

& Suchert et al., 2015). Children currently spend approximately 75-85% of all waking hours 

sedentary when taking into consideration time spent eating, in transportation, in school, 

completing homework, and time in front of a screen (Rideout et al., 2010). Due to the structured 

nature of the school environment and the traditional use of seated desks in the classroom, time in 

school alone may contribute as much as four or more hours of sedentary time, or around 33% of 

a child’s total waking hours (Rideout et al., 2010). Although the structured nature of the school 

environment has been shown to contribute to students SB, it has also captured the attention of 

researchers as a promising area to target a reduction in SB, while also promoting increases in 

physical activity (PA). 
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Sedentary behaviors are unique from PA (Katzmarzyk, 2010) in the sense that the 

benefits provided from reducing sedentary time are distinct from those acquired by achieving 

recommended levels of PA. The American College of Sports Medicine (ACSM) recommends 

that youth engage in at least 60 minutes of moderate-to-vigorous PA each day in order to receive 

positive health benefits (ACSM, 2008). Adequate amounts of PA have been shown to assist with 

weight loss and maintenance, muscle and bone strengthening (USDHS, 2008), and 

improvements in cognitive ability (CDC, 2010) and attitude (USDHS, 2008). PA also reduces 

the risk of developing early indicators of chronic diseases (USDHS, 2008), ultimately leading to 

improvements in quality of life and longevity (CDC, 2015). In 2014, it is estimated that only 

21.6% of children in the United States between the ages of 6-19 years were meeting PA 

recommendations (NPAP, 2016). Furthermore, PA levels have been found to decrease with age 

(Nader et al., 2010; NPAP, 2016), in contrast to reported SB patterns. Elementary schools once 

more provide an ideal environment that has the potential to alter the PA and SB of students. 

The school setting is popular among researchers targeting behavioral changes in students 

due to the amount of time children spend in school, as well as the far-reaching potential for 

impactful results (CDC, 2011). Nationwide, approximately 98% of elementary school aged 

children are currently enrolled in a public or private school (Kena et al., 2016), where on 

average, students spend 6.64 hours of each week day (USDOE, 2008). With well over half of the 

school day spent sitting, interventions to increase PA may either target already built-in periods of 

PA (e.g. recess and physical education classes) by improving the quality of active lessons, or aim 

to replace sedentary times in the classroom with more active behaviors. This second approach 

however may pose an issue for school teachers and administrators, as national policies on 

education currently place an emphasis on academic outcomes, in many cases even leading to a 
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reduction in the number of opportunities offered for PA in school. For this reason, PA 

interventions implemented during the school day have aimed to improve PA behaviors while 

being minimally disruptive to learning, thereby primarily focusing on the modification of already 

active periods of the school day, such as during recess (Huberty et al., 2014; Loucaides et al., 

2009; Ridgers et al., 2007; Stratton & Mullan, 2005; & Verstraete et al., 2006), physical 

education classes, and through the participation in after-school programs (Cradock et al., 2016; 

Crouter et al., 2015; & Herrick et al., 2012). It has been found that a single 15-minute recess can 

provide approximately 900 and 1,250 steps for girls and boys, respectively, amounting to 

approximately 16.4% of in-school PA. Meanwhile, 30-minutes of quality physical education can 

contribute up to 18% to a low-active child’s daily PA while providing approximately 1,400 steps. 

After-school programs can similarly provide quality PA time, contributing up to 41 minutes of 

light physical activity (LPA) and 20 minutes of moderate-to-vigorous physical activity (MVPA) 

(Erwin et al., 2011). Implementing PA breaks into the classroom where the majority of time 

spent sitting during the school day occurs, have shown positive results in increasing the amount 

of PA students accumulate during the school day, while also breaking up long bouts of sitting 

(Carlson et al., 2015; Drummy et al., 2016; Erwin et al., 2011; Kriemler et al., 2010; Murtagh et 

al., 2013; & Wilson et al., 2016). Classroom activity breaks however raise the issue of 

interrupting classroom learning time, regardless of the ability to contribute approximately 400 

additional steps in class on top of the nearly 300 offered during traditional lessons (Erwin et al., 

2011). As suggested by these findings, the school day and environment offer children the 

opportunity to engage in a meaningful amount of PA.  

Up to this point, PA interventions have primarily increased the time or quality of PA 

during the school-day, resulting in understandable increases in school PA levels. These increased 
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opportunities for structured PA during the school day may not lead to long-term behavior 

changes however, which must occur across the entire day, rather than during a specific, 

intervention-bound time period. Alterations to the school-environment, whether occurring in the 

classroom or on the playground, may target long-term behavior change more effectively as a 

result of environmental prompts to engage in PA behaviors throughout the school day. Limited 

studies thus far have investigated the impact of environmental interventions which provide a 

mild stimulus, on children’s PA behaviors. Furthermore, the after-school period as a distinct span 

of time separate from total daily behaviors, has been largely ignored as a specific, measurable, 

time in which sedentary and PA behaviors may be impacted as a result of changes to the school 

environment.  

Stand-biased desks are a relatively new environmental modification with limited 

supporting research to date. This alternative to traditional seated desks is currently being 

explored as a classroom intervention approach, as researchers and school officials alike seek an 

effective method to decrease SB during the school day, while still supporting students’ academic 

achievement. Stand-biased desks are considered a mild environmental stimulus because 

accessibility alone may not have a sufficient impact on activity behaviors without additional 

stimuli such as teacher encouragement, or the conscious decision to stand or otherwise change a 

behavior. The use of a stand-biased desk has been found to result in less postural discomfort 

overall, however no significant differences have been found indicating less time is spent in non-

preferred postures during use, compared to students seated at traditional desks (Benden et al., 

2013). As a result of stand-biased desk use, several studies measuring postural behaviors have 

also reported significant decreases in sitting time during the school day, with both standing and 

stepping times increasing as a result (Aminian et al., 2015; Clemes et al., 2015; Contardo et al., 
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2016). Koepp and colleagues (2016) similarly found that in-class step counts increased following 

one school-year of stand-biased desk exposure. Additionally, among a sample of 1st grade 

students, stand-biased desks were found to provide a significant increase in classroom energy 

expenditure compared to students seated at traditional desks (Benden et al., 2011; Benden et al., 

2014). In combination, the above findings lend support to those presented by Wendel and 

colleagues (2016), who reported that over the course of two years stand-biased desk use was 

associated with a significant reduction in age-matched BMI percentile relative to students using 

seated desks. With these findings however, it is difficult to justify that the behavioral changes 

during the school day alone could lead to significant changes in body composition without 

additional contributions occurring outside of reported measurement periods. An added possibility 

is that behavioral changes also occurred outside of school, potentially reflecting an increase in 

PA behaviors during a period of the day largely ignored by current research, and therefore 

contributing to long-term body composition changes. Finally, the use of stand-biased desks also 

supports cognitive improvement (Dornhecker et al., 2015; Mehta et al., 2015). In an 

observational study conducted by Dornhecker and colleagues (2015), students using stand-biased 

workstations were found to display greater levels of academic engagement, although this 

difference was not significant. Additionally, following one year of exposure to stand-biased 

desks, a cohort of high school freshman students displayed significantly improved cognitive 

performance contributing to the processes of executive function and decision making, two 

crucial aspects of learning (Mehta et al., 2015). Stand-biased desks in this sense support 

implementation into the classroom as a method of decreasing sitting time in school while still 

supporting cognitive growth in the classroom, with the added potential of impacting behaviors 

across the school day.   
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Although stepping time and step count measured by ActivPAL inclinometers and 

pedometry have been previously reported as objective measures of PA following stand-biased 

desk exposure (Aminian et al., 2015; Clemes et al., 2015; Contardo et al., 2016; Hinckson et al., 

2013; & Koepp et al., 2012), these fail to capture the intensity of activity performed, instead 

quantifying time spent in motion. Furthermore, only one study has examined the after-school 

period for changes in PA and SB (Aminian et al., 2015), in which a small and insignificant 

increase in stepping time was found following 9-weeks of stand-biased desk use. Beyond this, 

the degree to which changes in the frequency, intensity, and duration of PA behaviors are 

performed as a result of stand-biased desk use remains to be reported. Furthermore, the after-

school period has been suggested to be a critical time in which children can be physically active 

(Cohen, 2015), presenting a less structured period of time in which opportunities for PA may be 

available by choice. PA measurement using accelerometry is an objective measure which has the 

ability to quantify the frequency, intensity, and duration of activity over specific periods of 

measurement. To better understand the PA levels of children during the after-school period and 

the degree to which they change following exposure to a mild classroom stimulus, further 

research is needed to assess this period, apart from the rest of the day, and also to determine the 

degree to which these PA behaviors change relative to students using traditional seated desks.  

 

Statement of Purpose 

 The purpose of this study was to assess the changes in after-school time spent in SB, 

LPA, and MVPA among elementary school children in response to the introduction of stand-

biased desks in the classroom. 
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Specific Aim 

 Specific Aim 1 To determine the effect of a stand-biased desk on daily time in 

sedentary, light-, and moderate- to vigorous- intensity physical activity during the after-

school period (school dismissal until 11:59 pm) in 6th grade students. Employing a 9 week 

within-classroom randomized controlled design, the effect of a stand-biased desk was compared 

with the effect of a traditional seated desk on objective measures of sedentary and physical 

activity behaviors in students.  

 

Hypothesis 

Based on previous research (Aminian et al., 2015 & Contardo et al., 2016), the following 

hypotheses are proposed: 

Hypothesis 1: Students using stand-biased desks will experience a greater decrease in SB 

during the after-school period than students using traditional seated desks.  

Hypothesis 2: Students using stand-biased desks will experience a greater increase in 

LPA during the after-school period than students using traditional seated desks. 

Hypothesis 3: Students using stand-biased desks will experience a greater increase in 

MVPA during the after-school period than students using traditional seated desks. 

 

Delimitations 

 This study was conducted among a sample of healthy 6th grade students in a Midwestern 

elementary school. Due to the close proximity to a University campus and the surrounding 

neighborhood, a large proportion of participants were from college educated families of higher 

socio-economic status. Results are limited in generalizability to the 6th grade age range (11-12y), 
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although loose generalizability to other elementary school grade levels is also possible, with 

grade proximity providing a stronger relationship, in addition to meeting the other prominent 

demographic traits listed.   

 

Assumptions 

 The following assumptions were made for this study: 1) Participants and their parents 

answered all questions honestly and to the best of their ability. 2) Participants primarily 

completed classwork at their assigned desk. 3) Participants did not alter PA levels as a result of 

wearing an accelerometer. 4) Participants’ recorded PA behaviors were from an accelerometer 

worn correctly on the anterior aspect of the right hip, in-line with the midline of the right thigh, 

during all waking hours. 

 

Practical Significance 

 Stand-biased desks in the classroom present an environmental modification which does 

not interrupt educational learning, while effectively increasing PA behaviors outside of school. 

Understanding the relationship between stand-biased desks and PA levels during the after-school 

period can help teachers and school administrators better understand effective approaches to 

promote healthy behaviors during the school day while being minimally disruptive to children’s 

learning.  

 

Scientific Significance 

 To our knowledge, this is the first study using a within-classroom teacher randomized  

design to assess the impact of stand-biased desks on after-school activity. This approach allowed 
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us to objectively assess the amount of time participants spent performing SB, LPA, and MVPA 

while experiencing the same structured school day routine down to the classroom level. This 

study also assessed the proportion of the ACSM recommended levels of PA obtained during the 

after-school period, and whether or not stand-biased desks influenced this amount. Finally, this 

study contributes to the relatively small body of literature surrounding the implementation of 

stand-biased desks into elementary schools, providing additional evidence towards the need for 

larger scale interventions over longer periods of time to further understand PA behavior changes 

experienced as a result of stand-biased desks in the classroom. 
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CHAPTER II: REVIEW OF LITERATURE 

 

Statement of Purpose 

 The purpose of this study was to assess the changes in after-school time spent in 

sedentary behavior (SB), and performing light (LPA), and moderate- to vigorous-intensity 

physical activity (MVPA) among elementary school children in response to the introduction of 

stand-biased desks in the classroom. 

 

Introduction 

 Nationwide, the majority of children are failing to meet PA recommendations, while also 

spending substantial amounts of time in SB throughout the day (NPAP, 2016). Increased levels 

of SB among youth have been associated with an increased risk of developing obesity (Danner, 

2008) and other metabolic risk-factors including high blood pressure and serum cholesterol 

(Dasgupta et al., 2006; Hancox et al., 2004), lower aerobic fitness levels (Hardy et al., 2009), as 

well as a psychological concerns, such as lower self-esteem and poor academic achievement 

(Goldfield et al., 2007; Robinson et al., 2003). Inversely, PA provides many benefits including a 

decreased risk of cardiovascular disease, improved muscle and bone strength, and improvements 

in cognitive function (CDC, 2010; USDHS, 2008). The benefits of PA and consequences of SB 

however are distinct from one another, suggesting that both behaviors must be addressed in order 

to maximize the likelihood of behavior change to receive all associated health benefits 

(Katzmarzyk, 2010). Across the day, children spend approximately 75-85% of the time 

sedentary, with four or more hours of SB coming from the school day alone (Rideout et al., 

2010). The school setting therefore provides a unique opportunity to target reductions in SB, 
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while also aiming for increases in PA behaviors in students. The primary obstacle encountered 

while addressing SB and PA during the school day lies in selecting an appropriate approach 

which minimizes disruptions to teacher directed learning. Several studies have been successful in 

either reducing SB or increasing PA, however these successes tend to come at a cost of high 

levels of instructor involvement and significant alterations to established school curricula. Stand-

biased desks present the opportunity to provide children with a mild stimulus aimed at breaking 

up SB in school, while requiring minimal involvement from teachers, and avoiding disruptions to 

the classroom. The extent to which stand-biased desk use changes PA behaviors throughout the 

day, and specifically during the after-school period, remains unexplored. Therefore, further 

research into the impacts of stand-biased desk, and other PA interventions are warranted to best 

understand the potential impact which school-based interventions might have on student’s PA 

behaviors.     

The following discussion will focus on defining PA and SB, as well as the prevalence and 

health impacts which insufficient PA or excessive amounts of SB have on children’s quality of 

life. Additionally, school-based interventions designed to increase PA will be reviewed, 

including interventions implemented during recess, after-school, and in the classroom. The final 

section will focus on discussing findings from elementary school stand-biased desk 

interventions, including impacts on cognitive function, posture, energy expenditure, PA, and SB 

in students.  
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Review of Literature 

Prevalence of Physical Activity & Sedentary Behaviors in Childhood & Adolescence 

Physical activity is defined as, “any bodily movement produced by skeletal muscles that 

requires energy expenditure” (WHO, 2010). The U.S. Department of Health and Human Services 

(2008) recommends that adolescents between the ages of 6-17 accumulate at least 60 minutes of 

PA every day of the week. Furthermore, muscle and bone strengthening activity should be 

incorporated on at least three days of the week, in addition to the recommendation that as 

children age, structured sport and exercise should aim to replace free play as the primary source 

of activity.  

Decreasing levels of PA among the child and adolescent populations in the United States 

is a growing public health concern. According to the 2016 United States Report Card on Physical 

Activity for Children and Youth (NPAP), 21.6% of children between the ages of 6-19 years old 

are meeting the current PA recommendations. Placing this value under further scrutiny, there is a 

large decrease in PA with increasing age, as 42.5% of adolescents aged 6-11 years are meeting 

recommendations in contrast with 7.5% and 5.1% of children between the ages of 12-15, and 16-

19 years of age, respectively. These findings coincide with those published by Nader and 

colleagues (2010), which found that weekday and weekend PA decreased by 38 and 41 minutes 

per year, respectively, between the ages of 9-15 in both boys and girls. Within the NPAP, boys 

were also recorded as being more physically active, with 26.0% of male participants compared to 

16.9% of female participants meeting PA recommendations. Both genders also experienced a 

decrease in meeting PA recommendations with increasing age. For boys and girls between the 

ages of 6-11, 48.6% and 36.1% met the PA recommendations, respectively, while 7.3% of boys 

and 2.8% of girls between the ages of 16-19 years also met the recommended levels of activity, a 
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significantly lower percentage of the population. From the early stages of childhood and 

adolescence, children are currently not accumulating sufficient quantities of PA, and these 

numbers appear to be decreasing as age increases.  

Sedentary behavior is defined as, “any waking activity characterized by an energy 

expenditure less than or equal to 1.5 metabolic equivalents and a sitting or reclining posture” 

(SRBN, 2012), and is a distinct behavior from PA. The United States does not currently have 

established guidelines for recommended levels of SB, however evidenced-based 

recommendations from the Canadian Society of Exercise Physiology (CSEP) have recently been 

released for 5-17 year olds, suggesting the restriction of recreational screen time to no more than 

2-hours per day, while also limiting sitting to bouts of one hour or less (Tremblay et al., 2016). 

The American Academy of Pediatrics and the National Heart, Lung, and Blood Institute also 

recommend that screen time should be limited to no more than two hours each day (NPAP, 

2016). In adolescents aged 6-11 years, 39.4% met the guidelines for TV viewing. Similar to the 

statistics for PA, the prevalence of meeting these SB/TV viewing guidelines declines with age. 

Additional analysis of SB statistics note that between 2010 and 2014, the prevalence of boys 

between the ages of 6-11y who accumulated less than two hours of screen time per day 

decreased from 40.9% to 32.3%, indicative of a rise in overall SB. Girls meanwhile, remained 

relatively steady over the same time period, increasing from 41.4% in 2010 to 42.3% viewing 

less than two hours of screen time per day in 2014 (NPAP, 2016).  

While SB in children has been linked with television viewing, children engage in SB 

throughout their day. Research suggests that school can be a significant source of sedentary time 

for children. Data shows that students within the United States sit at school for approximately 4.5 

hours per day (Rideout et al., 2010). With an average school day lasting 6.64 hours in the United 
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States (USDOE, 2008), this amounts to approximately 68% of time in school spent in a seated 

position. Outside of school, children 8-18 years of age spend an additional 7 hours per day in 

front of a screen. In total, children are spending approximately 75-85% of their normal waking 

hours sitting when combining time spent eating, in transport, during school, doing homework, 

and finally time spent looking at a television, computer, or cell-phone screen (Rideout et al., 

2010).  

Within the state of Wisconsin, self-report data has been provided by the National Youth 

Risk Behavior Survey (YRBS), last issued in 2013 for students in grades 9-12 (Kann et al., 

2014). It was reported that 50.5% of high school students were not physically active for at least 

60 minutes per day on five or more days. Meanwhile, 12.6% of students reported participating in 

less than 60 minutes of PA on every day of the week. In school, nearly half (47.9%) of all 

students did not attend physical education classes at all during the school week. This coincides 

with national laws, in which only six states (Illinois, Hawaii, Massachusetts, Mississippi, New 

York, and Vermont) require physical education in every grade (NASPE, 2012). However, the 

state of Wisconsin has their own legislation which requires physical education classes a 

minimum of three times per week for grades K-6, while students in High School are only 

required to attend physical education classes on three of the four years attended (WDPI, 2016). 

Lastly, 22.5% of Wisconsin adolescents spent 3 or more hours on an average school day 

watching television, an indicator for overall SB (Kann et al., 2014).  

On average, children in Wisconsin reported better levels of PA and SB relative to 

nationally representative data. Despite this, approximately half of all students did not achieve the 

recommended levels of PA on a daily basis. The school day presents a period in which sitting 

traditionally dominates long stretches of time, with intermittent opportunities for activity 
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scattered throughout the day. This is a time in which the implementation of activity could prove 

to be a beneficial approach in providing the opportunity for all students to accumulate additional 

minutes towards the daily PA recommendations.  

 

Benefits of Physical Activity 

 Regular PA has been shown to provide long-term protective health benefits across the 

entire lifespan. Implemented either as a solution, or method of prevention, for many chronic 

health issues, PA at the internationally recognized (WHO, 2010) levels, and as recommended by 

the American College of Sports Medicine (ACSM), has been shown to assist with weight loss 

and maintenance, the strengthening of bones and muscles (USDHS, 2008), as well as 

improvements in cognitive ability (CDC, 2010) and attitude (USDHS, 2008). PA also provides a 

reduction in the risk of developing early indicators of the onset of chronic diseases such as 

cardiovascular disease, type 2 diabetes mellitus, metabolic syndrome, as well as some forms of 

cancer (USDHS, 2008). These benefits ultimately culminate into the outcome of a higher quality 

of life, in addition to a longer life expectancy than that of a less active, and more sedentary 

individual (CDC, 2015).   

 During childhood and adolescence, participation in PA becomes increasingly important 

for the healthy growth and maturation of the body, both physically and cognitively. Research has 

shown that at a young age, PA helps build and maintain healthy bones and muscles while 

reducing the risk of developing obesity and other early signs of chronic disease (USDH, 2008). 

In school, PA may also influence cognitive areas associated with learning, memory, and 

decision-making, which may result in improved academic achievement (CDC, 2010). Moreover, 

PA behaviors developed during childhood have been found to influence behavior in adulthood, 
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with more physically active, and less sedentary children aging into more physically active, and 

less sedentary adults (Gordon-Larsen et al., 2004; Kraut et al., 2003; Tammelin et al., 2003). 

These findings suggest that the positive reinforcement of PA behaviors among youth not only 

benefit health outcomes during this particular stage of growth, but rather provide lifelong 

benefits. While the positive impacts of PA are well documented across the lifespan, an increasing 

body of research is pointing towards SB, in addition to lack of PA, as the issue most greatly 

impacting health in today’s youth.  

 

Health Impact of High Levels of Sedentary Behavior 

 Recently among the adult population, increases in SB, and particularly that of sitting, 

have led researchers to coin the phrase, “sitting is the new smoking” (Levine, 2014). This 

concept makes the decisive point that staying sedentary for long periods of time results in an 

increased risk of all-cause mortality. In fact, Dr. James Levine went so far as to express that 

sitting continuously for as little as two hours is sufficient to result in an increased risk of 

developing heart disease, diabetes, obesity, cancer, and numerous orthopedic problems (Levine, 

2014).  

 Sedentary behavior causes an increase in risk factors associated with all-cause mortality, 

independent of PA levels. That is to say that an individual who meets the recommended levels of 

PA may still be at an increased risk of all-cause mortality if too much time is spent sedentary. In 

2010, Patel et al. released an article in the American Journal of Epidemiology focusing on the 

relationship between sitting time and all-cause mortality in adults. Findings from this study 

suggest that men and women who sit for six or more hours per day are at an 18% and 34% 

greater risk of all-cause mortality than their less sedentary counterparts, respectively. 
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Alarmingly, when factoring in levels of PA, even the most active men and women (accumulating 

52.5 MET-Hours/week or more of PA), who also sat for six or more hours, were at a 7% and 

25% greater relative risk of all-cause mortality, respectively than their less sedentary 

counterparts. Children currently spend 75-85% of all waking hours sedentary (Rideout et al., 

2010), accumulating close to, if not more than the six hour threshold of sitting, suggested by 

Patel et al. to lead to an increase in all-cause mortality in adults. PA behaviors which are learned 

during childhood carry into adulthood, such that children who participate in more activity are 

more likely to participate in more activity as an adult (Kjønniksen et al., 2008). The opposite of 

this is therefore also true, in that children who are more sedentary will promote the continuation 

of SB through adulthood.  

 Screen time is often used as a surrogate measure of SB among children and youth due to 

the greater proportion of total sedentary time spent in front of screens compared to adults, 

therefore providing an accurate reflection of SB (Gopinath et al., 2012). Screen time use in 

children and adolescents has traditionally focused on television and video game time, however 

recent advances in technology have broadened this measure to also include recreational computer 

use, watching videos, smart phone, and tablet use. Tremblay and colleagues (2011) examined 

119 cross-sectional studies, concluding that children who spent more than two hours per day 

watching television were more likely to be overweight or obese. Additionally, a systematic 

review including 33 longitudinal studies found that the more time a child spends in front of a 

screen, the more at risk they are of becoming overweight or obese (Saunders & Vallance, 2016). 

For example, a longitudinal study conducted with a nationally representative sample of US 

kindergartners (n=7,334) found that through 5th grade, television viewing hours were 

significantly (p<0.001) and positively associated with increased BMI acceleration (Danner, 
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2008). In this study, it was found that students who watched on average four hours of television 

per day were most likely to become overweight or obese by 5th grade. Total screen time has also 

been found to be associated with an increase in metabolic risk-factors in conjunction with a 

decrease in aerobic fitness and muscular strength/endurance (Tremblay et al., 2011). In a cross-

sectional analysis of 2,750 students in grades 6, 8, and 10, Hardy et al. (2009) found that 

cardiorespiratory endurance was significantly lower in 8th grade boys and girls (p<0.001) and 

10th grade girls (p<0.001) who spent two or more hours per day engaged in screen time, relative 

to students who spent less than two hours per day performing these behaviors. Beyond the 

physical impacts of excessive screen time are also associated psychological effects. Recent 

systematic reviews (Costigan et al., 2013; Suchert et al., 2015), showed that higher levels of 

screen time increases depressive symptoms, while also being negatively associated with self-

esteem, pro-social behavior, academic achievement, and psychological wellbeing, leading to a 

decreased quality of life. A 12-week randomized controlled trial aimed at reducing screen time 

among African-American girls found that girls who decreased their SB displayed significantly 

less concern regarding weight (p<0.05), while also showing a trend towards improved school 

grades (p=0.07) (Robinson et al., 2003). An additional publication provided findings from a 

secondary analysis conducted over an 8-week randomized controlled intervention, which was 

aimed at reducing screen time and increasing PA in overweight and obese children. Results from 

this study found that children’s physical self-worth (r= -0.38, p<0.05) and global self-esteem (r= 

-0.36, p<0.05) were inversely related to screen time when controlling for BMI (Goldfield et al., 

2007).  

The above findings suggest that irrespective of PA levels, children should continuously 

aim to spend as little time in sedentary positions as possible, ideally aiming for less than 2-hours 
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per day, while also being encouraged to increase PA levels beyond simply standing more instead 

of sitting. In addition to the potential increase in energy expenditure caused by standing 

compared to sitting, other benefits of a more active posture include the prevention of common 

orthopedic injuries, increased engagement and concentration, as well as the promotion of a 

movement-rich environment (Benden et al., 2014).  

 With a significant reduction in PA, particularly MVPA witnessed with increasing age in 

adolescence (Nader et al., 2010), appropriately assessing whether an increase in SB occurs as a 

result is essential to understanding children’s PA behaviors. For this reason, it is becoming 

increasingly important to recognize that, compared to their parents and grandparents, today’s 

youth spend significantly more time in settings where sitting is emphasized more than PA (Hill 

et al., 2003). In fact, in 2003 more than 9 in 10 children used computers in elementary and high 

school. Meanwhile, the prevalence of computers in the home increased from 15% to 69% 

between the years of 1989 to 2009 (Owen et al., 2010). These increases in widespread access to 

promoters of SB is indeed worrying. Similar to inactive children growing into an inactive adults, 

children who are sedentary are also at an increased risk of childhood obesity and then remaining 

obese as they grow into adults (Katzmarzyk et al., 2014). Although increasing PA is one 

approach to making children healthier, a reduction in SB is equally important to developing 

long-term health habits during childhood.   

 

School-Based Interventions 

 Physical activity interventions in adolescents have increasingly targeted schools as a 

prospective location for implementation, due to the amount of time students spend in school, as 

well as the far-reaching potential of impactful results (CDC, 2011). Students spend on average 
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6.6 hours of their day at school, which may amount to nearly 50% of all waking hours (USDOE, 

2008). The school setting also has far-reaching implications when it is considered that the 

majority of children in the United States receive some form of private or public education, while 

a small minority are either homeschooled or do not attend school for various reasons. According 

to the National Center for Educational Statistics (2016), approximately 50.4 million students 

enrolled in public elementary and secondary schools this past fall, while an additional 5.2 million 

enrolled in private schools. Specifically among primary school children between the ages of 7-13 

in the United States, approximately 98% are currently enrolled at public or private elementary 

schools (Kena et al., 2016). Based on this premise, the traditional school environment supports 

the ability for the widespread dissemination of successful intervention approaches to increase PA 

and reduce SB in youth. 

 Even though the school environment presents an opportunity to increase PA or reduce SB 

in children, these outcomes may not necessarily align with the aims of school administrators and 

teachers, who are primarily working towards academic achievement in students. In 2012, 

Huberty and colleagues published results from a series of qualitative focus groups within 12 

Midwest elementary schools in the United States. The purpose of this study was to determine 

how informed school staff were on the role of PA in schools, and their perceptions of the utility 

of the school environment in supporting student’s achievement of the recommended levels of 

PA. Three primary factors influencing children’s PA that emerged from the focus groups were: 

(1) a lack of time to engage in PA due to increasing academic demands, (2) peer pressure 

(particularly among females) not to be active, and (3) a lack of space and equipment available to 

promote PA. Coincidentally, these three factors align with three of the ten most common barriers 

to PA cited by adults, as outlined by the Centers for Disease Control (1999), comprising of a lack 
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of time, social support, and resources. Understanding that these barriers may be applicable across 

the lifespan, and even more so their association with habitual activity adds to the importance of 

promoting PA at an early age so as to avoid the early adoption of poor health behaviors. A 

secondary outcome also emerged from these focus groups, which was the understanding by staff 

that their activity behaviors during school directly influenced student’s daily PA levels. 

Essentially, staff felt that by performing physically active behaviors, students activity levels 

would increase as a response. 

Within the school setting, interventions have traditionally targeted areas where PA is 

common practice, such as during recess, in physical education classes, or through after-school 

programs. Recent intervention efforts have also begun focusing on periods when children are not 

traditionally active, such as in the classroom. In the current literature, multi-component 

interventions have routinely led to significant increases in PA levels among children (Carson et 

al., 2013, Cohen et al., 2015, Cradock et al., 2014, Dauenhauer et al., 2016, Kriemler et al., 2010, 

Van Kann et al., 2016). There currently exists a recommendation for elementary schools to 

provide students with ≥30 min/day of MVPA through a combination of recess, physical 

education, and PA opportunities in the classroom (Elliot et al., 2013). Yet despite the emerging 

evidence of the association between PA and academic achievement (CDC, 2010), recess, 

physical education, and other opportunities to be active during the school day have experienced 

significant reductions and limited support from school policy makers (Dwyer et al., 2006). It is 

therefore imperative that interventions ranging in levels of complexity and success be reviewed, 

with the ultimate goal of determining the most easily applicable, sustainable, and successful 

intervention strategies to bring about the most widespread changes in PA and SB among children 
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in school. This section will focus on interventions designed to impact different areas of the 

school environment, including during recess, after-school, and in the classroom. 

 

Recess 

 Recess has been broadly defined as, “the non-curricular time allocated by schools 

between lessons for children to engage in PA and leisure activities” (Ridgers et al., 2006). In a 

2006 analysis of recess in the United States, 74% of elementary schools provided recess for 

students across all grade levels between K-5th and 96.8% of schools provided recess for at least 

one grade. Among those schools providing recess in at least one grade, the average time allotted 

per day amounted to 30.2 minutes (Lee et al., 2007). Researchers argue that this time period is 

critical and has the potential to contribute up to 40% (~24 min.) of the daily recommended levels 

of PA for youth (Ridgers et al., 2006). However, studies which have investigated the role of PA 

during recess have found that children typically spend less than 50% of the allotted time engaged 

in MVPA (McKenzie et al., 2000; Stratton, 2000; Sleap & Warburton, 1996), with boys being 

more active during recess than girls (Biddle et al., 2004; Sarkin et al., 1997).  

Three intervention approaches have been successfully implemented and shown increases 

in student’s PA levels during recess: new play equipment, playground markings, and staff 

encouragement. The introduction of play equipment and playground markings provide cues for 

physically active play through improvement of the playground environment. Play equipment 

typically consists of items such as jump ropes, balls, discs, and other objects which can either be 

used for individual or team based activities, while playground markings typically involve the use 

of cones, paint, or a combination of the two in order to remind children to be active while 

simultaneously encouraging play. The participation by recess staff to promote PA aims to 
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increase free and structured activity participation and improve the psychological aspects 

associated with play time during recess, which could otherwise be used as a period of inactive 

socialization or for other, less-desirable inactive behaviors. Each of these intervention 

approaches have a low burden of cost and great potential for widespread implementation across 

school systems.  

In Cyprus, a nation burdened by low educational funding and limited resources in 

schools, a pilot study was conducted to test the effectiveness of two low-cost interventions on 

children’s PA levels during recess. Loucaides et al. (2009) recruited children in grades 5 and 6 

(n=247) from three separate inner-city schools with similar playground facilities, consisting of a 

basketball court, two volleyball courts, one soccer pitch, and an open court space. Two schools 

adopted differing intervention approaches, while the third acted as a control. School one 

allocated playground courts to different children (5th or 6th grade) on alternating days, painted 

playground markings on the ground, and provided jump ropes during recess, while school two 

only allocated playground courts to different children on alternating days. Additionally, at both 

schools recess supervisors were instructed to not promote PA to the students so as not to 

influence results. Steps were measured during the recess period using a pedometer at baseline 

and again 4-weeks after the intervention was implemented. Results of this study indicated that 

intervention schools one and two had significantly higher mean step counts during recess at 

completion of the intervention (1427±499, p<0.001; 1331±651, p<0.01, respectively), compared 

to the control group (1053±447), with no significant difference detected between the two 

intervention schools. Although each intervention led to statistically significant increases in step 

counts over the control school, it remains important to consider that the magnitude of these 

increases was only 8.7% and 13.2% above the pre-intervention values recorded for schools one 
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(1313±435) and two (1175±553), respectively. The findings by Loucaides et al. (2009) support 

the idea that there are low-cost opportunities to increase PA at school, yet more activity still must 

still be accrued during the school day to support even higher increases in PA. 

While short-term change in PA is important, it is also important to examine the 

sustainability of interventions. Two reports investigated the short and long-term effectiveness of 

a recess intervention delivered in the United Kingdom, which utilized painted playground 

markings to promote PA. Stratton and Mullan (2005) matched four intervention schools with 

four control sites based primarily on socioeconomic status, and activity levels were monitored 

during recess across 4-weeks. All schools were located in low-socioeconomic areas. Participants 

(n=120) were between the ages of 4-11 years, with 15 girls and 15 boys randomly selected for 

participation in the study from each school. In the intervention schools, the asphalt playground 

areas were painted with bright colors in playful shapes and designs to promote unstructured play, 

or sport courts for more organized activities. Heart rate data of the participants were recorded 

using heart-rate telemetry during morning (15 min.), lunch (60 min.), and afternoon (15 min.) 

recess periods on three separate days of the week. Thresholds of 50% and 75% of predicted 

Heart Rate Reserve (200 beats·min-1 – HRrest) were used to represent MVPA and vigorous-

intensity PA (VPA), respectively (Stratton, 1996). The purpose and outcomes of the intervention 

were also withheld from recess supervisors so as avoid the potential for added bias. As a result of 

the intervention, MVPA significantly (p<0.01) increased from 37 ± 24% to 50 ± 29% (27 – 35 

min.) of playtime compared to a decrease in the control group of 40 ± 21% to 33 ± 18% (30 – 25 

min.). VPA also increased significantly (p=0.03) in the intervention group from 8 ± 11% to 12 ± 

16% compared to no change in the control group. These results take on added importance 

considering that children in the intervention group engaged in MVPA for more than 40% of 
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recess time, a recess-based threshold suggested by Ridgers et al. (2006) to promote beneficial 

health in children. In addition to this, VPA, which also increased as a result of this intervention, 

has been associated with increased cardiorespiratory fitness, flexibility, strength, and bone 

health. Implementing a recess based PA intervention through altering the playground 

environment appears to positively increase PA behaviors during the school day of children 

during this time. 

Expanding on the positive outcomes of Stratton and Mullan (2005), which included an 

intervention lasting 4-weeks among a relatively small sample, a follow-up investigation using 

similar methodology aimed to examine the potential long-term effects of a successful low-cost 

intervention, on a larger sample of students. Ridgers et al. (2007) designed an intervention to 

investigate the impact of playground markings and the addition of physical structures on 

students’ PA levels over a 6-month period. Fifteen intervention (130 boys, 126 girls) and eleven 

control (102 boys, 112 girls) schools in low-socioeconomic areas around one large city in 

England were selected to participate. Playground environments at the intervention schools were 

altered to include three color-coded areas: (1) a red sports area, (2) a blue multi-activity area, and 

(3) a yellow quiet play zone. Additionally, schools received soccer goal posts, basketball hoops, 

fencing around the red zone, and seating for the yellow area. Data was collected using heart rate 

telemetry and accelerometry in order to assess PA during recess. Ridgers and colleagues used the 

same estimated heart rate reserve methodology to assess PA intensities as described by Stratton 

and Mullan (2005), while accelerometer counts were recorded to assess the amount of time spent 

in moderate, high, and very high intensity activities. Monitors were worn during one school day 

at baseline, 6-weeks, and 6-months after intervention implementation, and activity levels were 

recorded during morning, lunch, and afternoon recess periods only. Results using heart rate 
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telemetry and accelerometry after 6-months indicated that, during recess children from the 

intervention group participated in significantly (p<0.05) more MVPA (4% and 5%, respectively) 

and VPA (2% and 2%, respectively) than the control group. In line with these increases, over the 

course of 6-months boys and girls from the intervention group increased accelerometer recorded 

MVPA, while boys and girls in the control group experienced a decrease. Boys from the 

intervention group increased recess MVPA from 31 ± 12% to 37 ± 15%, while boys in the 

control group experienced a decrease from 34 ± 13% to 27 ± 10%. Girls from the intervention 

group also experienced an increase in recess MVPA from 22 ± 10% to 27 ± 12%, compared to 

the control group, which decreased MVPA from 27 ± 10 % to 22 ± 8% of recess time. 

Additionally, an inverse effect was found with both devices (heart rate and accelerometry) for 

PA and age, with younger children engaging in more PA than older participants, while a positive 

effect was found with recess duration, where longer recess led to more MVPA. Overall, this 

intervention indicates that changing the playground environment on a low-cost budget can have 

long-term and sustained effects on children’s PA. Additionally, the intervention effect was found 

to be stronger on those individuals who engaged in less PA of any intensity at baseline, 

consistent with the dose-response relationship previously described by Pate et al. (2005). These 

results are positive from a public health perspective when it is considered that PA behaviors in 

childhood carry on across the lifespan.  

 While interventions primarily focused on the implementation of playground markings as 

a method for increasing PA have displayed relative success, other opportunities to increase PA 

such as through increasing the availability of game equipment during recess, may also prove 

successful. Verstraete et al. (2006) conducted an intervention specifically focused on improving 

and increasing playground equipment available to students during recess, in an effort to increase 
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PA levels. Participants consisted of 235 students (121 boys, 114 girls) in fifth and sixth grade, 

from seven elementary schools in Belgium (four intervention, three control). The intervention 

schools were introduced to new game equipment and activity cards (which provided examples of 

games and activities for the equipment) by a research team member. Additionally, teachers 

encouraged the use of the game equipment and exchanged equipment sets on a regular basis to 

avoid a loss of interest by students. PA levels were assessed during the recess period via 

accelerometry prior to, and three months after intervention implementation. Results during 

morning recess showed a significant increase in moderate intensity PA (MPA) for the 

intervention group (41 ± 23% to 45 ± 22%; 6.6 to 7.2 minutes, p<0.05), with a simultaneous 

decrease witnessed in the control group (41 ± 19 % to 34 ± 21 %; 6.6 to 5.4 minutes). The 

increase in MPA witnessed by the intervention group was attenuated by a notable decrease in 

VPA (16 ± 18% to 8 ± 15%; 2.5 to 1.3 minutes), resulting in an overall decrease in time spent in 

MVPA (57 ± 29% to 53 ± 26%; 9.1 to 8.5 minutes), however this was significantly different 

(p<0.01) from the decrease witnessed in the control group (56 ± 23% to 44 ± 28%; 8.9 to 7.0 

minutes). Similar, although non-significant results were found during the lunch recess, with the 

intervention group increasing MPA (38 ± 19% to 50 ± 18%; 20.2 to 26.3 minutes), while the 

control group decreased activity (44 ± 19% to 39 ± 18%; 23.3 to 20.8 minutes). However, during 

this period, MVPA increased in the intervention group (48 ± 24% to 61 ± 22%; 25.4 to 32.2 

minutes) compared to a decrease in MVPA among control participants (55 ± 24% to 45 ±22%; 

29.1 to 23.7 minutes). The findings from this intervention therefore suggests that the introduction 

of playground equipment, coupled with staff reinforcement can successfully increase children’s 

MVPA. Furthermore, Verstraete and colleagues reported findings unique from other recess based 

interventions in that across all participants at baseline, MVPA was already being performed for 
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>50% of the time during both morning and lunch recess periods (~34.5 minutes total), surpassing 

the threshold set by Ridgers et al. (2006). This may be somewhat of an anomaly, as these 

students from Belgium may be more active in general than children in other countries where 

additional interventions were reviewed. Nonetheless, the intervention served to attenuate any 

major declines in PA levels. Beyond these results, possibly the most unique aspect of this 

intervention is the stronger effect on girls than on boys during the morning recess period for LPA 

(F=12.6, p<0.001), MPA (F=6.8, p<0.01), and MVPA (F=13.3, p<0.001), while the lunch period 

had equal impact on genders. Because girls are typically less active than boys, interventions must 

aim to be impactful across genders, ideally providing benefits for all participants involved. In 

this intervention, game equipment may help increase the PA levels of girls, while maintaining 

already higher levels of PA among boys.   

Thus far, recess interventions reviewed have included the individual implementations of 

playground markings, game equipment, and staff participation. However, none have included all 

three of these variables in combination to study the impact on student’s recess-based PA levels. 

Huberty et al. (2014) designed an intervention to increase PA in elementary school children 

during recess titled, Ready for Recess. Students were provided with designated activity zones and 

appropriate equipment for play based on the size and surface of the area (e.g. asphalt or grass 

equipped with jump ropes or soccer balls, respectively). This was in conjunction with, or 

separate from additional staff training designed to promote free and structured playtime during 

recess. Staff attended one 4-hour training session consisting of an overview of children’s PA 

levels, appropriate ways to incorporate activity zones, as well as hands-on training focused on 

learning different activity and equipment play strategies which could be introduced to students. 

Participants were 667 students in 3rd – 6th grade from 12 Midwestern US elementary schools. 
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Schools were randomized into one of four groups: equipment only (EQ), staff training only (ST), 

a combination of equipment and staff training (EQ+ST), or a control group. PA behavior during 

recess was measured via accelerometery. Significant increases in recess-based PA were found 

among male students who were provided a combination of playground equipment and staff 

training compared to no change in recess-based PA levels in the control group. Specifically, a 

13% (2.4 min.; 26 ± 6% to 39 ± 5%, p<0.05) increase in time spent in MVPA among male 

participants in the EQ+ST intervention group was recorded. This is in contrast to the groups who 

received only part of the intervention (EQ or ST), in which the percentage of time spent in 

MVPA either decreased or was not significantly different than the control group. Moreover, 

although female students also experienced an increase in time spent in MVPA in the ST+EQ 

group, the increase was roughly 4% (3.7 ± 0.7 to 4.9 ± 1.8 min.), compared to an increase of 

13% (5.1 ± 1.1 to 7.8 ± 2.2 min.) male students, who already participated in a greater amount of 

MVPA at baseline. Additionally, accelerometer data showed a 15% (-2.3 min., 44 ± 7% to 30 ± 

4%, p<0.05) decrease in time spent performing SB during recess among boys. In effect, these 

results indicate that among boys, the intervention provided a nearly direct exchange of SB for 

MVPA, while also successfully pushing towards the targeted 40% of recess time spent 

performing MVPA.  

Recess-based interventions are a promising approach to increase PA levels in children, 

particularly at beneficial intensities. Moreover, interventions targeting this time period influence 

an already planned time for PA, and therefore avoid disrupting learning in the classroom. The 

results presented by these studies therefore take on added importance during one of the few 

periods during the school day which is relatively less structured compared to time spent in the 

classroom, while allowing for PA promotion in students.  
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After-School Programs 

 After-school programs, much like recess, present themselves as another viable time in 

which student’s PA levels have the potential to be positively influenced. In the United States, 

over 10 million children, or approximately 18% of all students enrolled in elementary education, 

attend after-school programs for a mean period of 7.4 hours per week (approximately 1.5 hours 

per day). After-school programs are typically run by trained staff or teachers affiliated with the 

school, and include more than just PA in an effort to also provide additional time for educational 

and artistic pursuits (Cradock et al., 2016). With opportunities for PA during the school day 

declining, it remains to be understood whether a structured after-school approach increases 

activity to a greater extent than if children are left to their own unsupervised behaviors. 

 Programs offered during the after-school period often act as an extension of the school 

day, providing children with additional structured time to perform various activities. Similar to 

school-based interventions to increase PA, after-school programs target a sizable segment of the 

student population, while being a time in which PA opportunities may be implemented with 

relative ease. Coleman and colleagues (2008) analyzed the after-school environment to better 

understand how after-school programs may contribute to children’s total daily MVPA. Within 

the programs studied, there were typically four unique sessions offered per day, consisting of 

active and non-active recreation, academic time, and enrichment activities. Active recreation was 

the period in which most, if not all, MVPA occurred. PA was recorded using the System for 

Observing Fitness Instruction Time (SOFIT), a validated observational tool which categorizes 

children’s PA levels as well as staff encouragement or discouragement of these behaviors. 

During active recreation, it was determined that children spent significantly more time 

performing MVPA during free play sessions (69%, p<0.001) as opposed to during adult-led 



   

31 
 

sessions (51%). Coinciding with lower levels of MVPA during adult-led sessions was a 

significant increase in the discouragement of MVPA by the staff (29%, p<0.001) compared to 

during free-play (6%). This suggests that children may be predisposed to be physically active 

when left to their own choices. These findings are in contrast to those made by Huberty et al. 

(2012), in which it was suggested that more staff participation led to an increase in PA among 

children as a result of the staff involvement required in organizing activities. However, the 

studies by both Huberty et al. (2014), and Coleman et al. (2008) came to the conclusion that too 

much adult participation in the promotion of PA for children can be detrimental, however 

involvement is relative to the situation. Staff and teachers hindered PA levels when too much 

time was spent managing activities, rather than allowing children to engage in free play. This has 

important implications on teachers and staff members understanding of the importance of PA in 

children and the optimal approach to ensuring that promotion leads to actual, rather than 

perceived increases in activity. 

 Traditionally, research has focused on more affluent communities, impacting the 

feasibility of intervention implementation and limiting the scope of generalizability. Urban and 

low-income school systems present a unique set of barriers to PA in addition to those previously 

covered, such as a lack of adequate facilities, equipment, and potentially unsafe neighborhoods 

surrounding the school. A 10-week pilot study (Crouter et al., 2015) was conducted in the Boston 

Public School System in cooperation with the University of Massachusetts and GoKids Boston, 

“an interdisciplinary research, training and community-outreach facility designed to promote 

healthy lifestyle behaviors in children and youth” (Crouter et al., 2015). Thirty-six children (3rd – 

5th grade) were randomly placed into either a group receiving only weekly nutritional education 

classes (Nutr), or a group which received both weekly nutritional education classes as well as 



   

32 
 

educational and supervised PA sessions (Nutr+PA) on three days per week at a nearby 

community center (Crouter et al., 2015). The nutrition arm of the study included a weekly 30-

min session focused on nutrition education and interactive activities, while the Nutr+PA group 

received one 30-min nutrition education session per week, while also participating in three 60-

minute PA sessions at GoKids Boston (210 min/week total). At GoKids Boston, trained staff led 

equipment orientations, planned activities, and provided positive reinforcement for participants 

to engage in 15-min of cardiorespiratory training, 1-2 sets of 8-20 repetitions on five different 

strength training machines, as well as 10-minutes of exergaming. At the end of the 10-week 

intervention, participants were provided with take home materials to encourage continued 

healthy nutrition choices and PA participation. Students from both groups wore an accelerometer 

for seven consecutive days at baseline and following 10-weeks of the intervention. Both 

measurement periods occurred during weeks in which the after-school program was not in 

session. Results of this study showed that children in the Nutr+PA group increased daily time 

spent in LPA (+21.5 ± 14.5 min.; 236.7 ± 86.1 min/day at baseline), and MVPA (+8.6 ± 8.0 

min.; 101.6 ± 70.0 min/day at baseline). Additionally, time spent performing SB decreased (-

14.8 ± 20.7 min.; 466.6 ± 155.4 min/day at baseline) while the Nutr group significantly increased 

their SB (+55.4 ± 23.2 min/day, p<0.05), while decreasing time spent in LPA and MVPA (-35.2 

± 16.3 min/day, -16.0 ± 9.0 min/day, respectively). The most significant (p<0.05) results were 

seen in the difference between the two groups in time spent at various levels of activity per day. 

A mean difference was found of 56.8 ± 21.7 min/day of LPA, 24.5 ± 12.0 min/day of MVPA, 

and 70.2 ± 30.9 min/day of SB, with the group receiving supervised PA (Nutr+PA) displaying 

more positive outcomes. The positive educational component surrounding PA behaviors, which 

arose from frequent after-school program participation greatly increased the likelihood of 
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children being more active throughout the day as they became informed of ways to reduce 

sedentary times while becoming more active, particularly outside of the school setting. 

Moreover, data was collected during periods in which participants were not attending the after-

school programs, suggesting that even without program involvement, children participating in 

this intervention developed behaviors which increased the desire to be more active throughout 

the day. Findings by Crouter et al. (2015) reinforce the importance of providing children with 

semi-structured opportunities for PA, while also learning the importance of being physically 

active, to create changes in behavior.  

 The Out of School Nutrition and Physical Activity (OSNAP) Initiative (Cradock et al., 

2016) aimed to increase children’s PA in existing after-school programs through a 6-month 

intervention. This was accomplished through dual approaches, consisting of providing 30 

minutes of MPA for every child, every day, and offering 20 minutes of VPA three times per 

week in the after-school environment. This was primarily accomplished through a series of three 

3-hour collaborative workshops for staff, administered by researchers, which reviewed children’s 

activity levels at baseline relative to the intervention goals listed above. Participants were 402 

children (5 – 12 years) from 10 intervention and 10 matched-control after-school programs. Prior 

to randomization, programs were matched based on program partner, snack provider, school-

level student demographics, and PA facilities. Inclusion criteria for after-school programs 

consisted of serving children between the ages of 5-12, having an enrollment of at least 40 kids, 

and running the program from mid-October through the end of May. Although results of the 

intervention displayed no significant change in MVPA or 10-minute bouts of MVPA relative to 

the control group, between group differences (intervention-control) in total minutes of VPA 

(+3.2 min/session, p<0.001), VPA minutes in bouts (+4.1 min/session, p<0.001), and total 
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accelerometer counts (+16,894 counts/session, p<0.005) were significant. As the intervention 

group experienced an increase of 1.5 min/session of VPA bouts, the control group underwent a 

decrease of 2.6 min/session, creating a larger difference in VPA bouts compared to total minutes 

of VPA. The results from this intervention suggest that providing staff with PA goals based on 

students recorded activity levels may not have a meaningful impact in the after-school period. 

Beyond receiving brief educational sessions, staff may also need to undergo more intensive 

training in order to acquire the skills necessary to fully execute an increase in PA. After-school 

programs provide structured activity time which otherwise may result in more SB if a child is not 

participating in the after school program. These programs may also be more benefit for younger 

students, as it was found that there was a significant increase in MVPA during program time in 

Kindergarten through 2nd graders (+3.9 min/day, p<0.05), while a significant decrease in MVPA 

was witnessed among participants in 3rd through 6th graders (-6.7 min/day, p<0.001). This may 

be due to the fact that the program approach used was more appropriate for younger children, 

while older children’s activity preferences differed.  

Overall, after-school programs provide an added opportunity throughout the school day 

to increase elementary student’s PA levels which may otherwise be lost to SB in the home during 

the same time period. Although the impact is relatively small, the after-school period is an 

additional time in which SB can be limited and replaced with active endeavors. In conjunction 

with school-based PA interventions, improving after-school programs offerings for PA presents 

yet another viable approach to helping children meet the daily recommendations set forth by the 

American College of Sports Medicine. 
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Classroom Activity Breaks 

 With the relative success of interventions targeting time periods where PA is already 

encouraged, such as during recess and in after-school programs, researchers have begun placing 

a significant amount of importance on breaking up sedentary time in the classroom setting. 

Nationwide, students spend approximately 4.5 hours sitting in school per day (Rideout et al., 

2010). Several PA interventions in the classroom have therefore targeted breaking up prolonged 

periods of sitting with short “activity breaks”. These classroom breaks are designed to be 

minimally disruptive to the teaching curriculum, while simultaneously providing students with 

an opportunity to increase their frequency of PA bouts throughout an entire day. Classroom 

activity breaks consist of structured PA in the form of games, dancing, or brief bouts of exercise. 

These sessions are typically led by a teacher and can last anywhere from approximately 2-10 

minutes depending on the activities performed. The following section reviews studies that focus 

on the impact of classroom activity breaks on the PA levels of elementary school children.  

 Activity breaks provide an opportunity to engage in brief, but meaningful bouts of PA in 

the classroom. In order to be successful however, teacher support and the length of activity 

breaks may be more important than the types of activities conducted. Two studies reported PA 

levels, in the form of children’s step counts while at school. Bizzy Break! (Murtagh et al., 2013) 

was a PA intervention that incorporated one 10-minute classroom activity break each day of the 

school week. Participants were 2nd through 6th grade students in four rural elementary schools. 

Two classes from the same school and grade level were placed into either an intervention or 

control group in a randomized parallel design. Baseline and intervention data collection occurred 

on back-to-back weeks for five consecutive school days each week. Children were instructed to 

wear a pedometer for the entire time they were in school, recording time on and off, as well as 
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total step counts at the end of the school day. Activity breaks were led by teachers and 

incorporated activities engaging mobility, stretching, and pulse-raising exercises to the sound of 

music. All activities as well as a music CD were provided by researchers. Ninety children 

(9.3±1.4 years) in three primary schools in Ireland provided complete data. There was a 

significant difference found in the change in daily steps between intervention and control groups 

from baseline to intervention assessments. While the control group experienced a decrease of 

1,222 steps/day (5,469 ± 1882 to 4246 ± 2008) from the baseline to intervention week, Bizzy 

Break! helped to mitigate the decrease of in-school step counts with a change of -297 steps/day 

(5351 ± 1862 to 5054 ± 2199, p<0.05) during the intervention week. Due to the within-school 

design of the intervention, the authors could only speculate as to why step counts decreased 

between the baseline and intervention period for both groups, however it was reported by 

teachers that poor weather conditions occurred more frequently during the intervention week, 

which has previously been shown to have an impact on PA levels in children (Tucker & 

Gilliland, 2007). Because both the intervention and control groups were compared from the same 

schools, each was exposed to the same condition, suggesting that the positive impact of Bizzy 

Break! is shown through the differences between groups. These findings suggest that, when 

applied consistently, a daily 10-minute classroom activity break can add roughly 1,000 steps to a 

student’s total in-school step count. Furthermore, assuming that students participating in 10-min 

classroom activity breaks of MVPA intensity are active at this level for the majority of time, 10-

15% of the total daily recommended 60 minutes of PA can potentially be accumulated during a 

single brief and structured activity break. A second intervention performed by Erwin and 

colleagues (2011) over the course of one school year yielded similar results to those presented by 

Murtagh et al. (2013). Erwin et al. (2011) explored the impact of a low-cost, teacher-directed 
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activity break intervention on children’s PA levels during school. Participants included 106 

children (10.1±0.9 years) in 3rd - 5th grade from fifteen classrooms in two elementary schools 

(one control school and one intervention school). Teachers in the intervention group were 

provided with an inexpensive curriculum and two thirty-minute training sessions (one 

immediately after baseline data collection with an additional booster session one month later) 

aimed at implementing and leading daily activity breaks at their own discretion. Teacher training 

sessions defined PA, explored the relationship of PA to academic performance, and discussed the 

importance of PA in the classroom. Classroom activity cards were also provided to teachers in 

the intervention group, which included 5-10 minute movement activities which could easily be 

completed within the classroom space. After teachers were provided autonomy over the 

frequency, duration, and type of activity breaks used, data analysis further divided classrooms 

into teachers who provided one or more activity breaks per day (n=5; 1.4 ± 0.7) and those who 

did not provide at least one activity break per day (n=4; 0.5 ± 0.3). At baseline, mean school 

steps/day were similar between the classrooms who were compliant in administering at least one 

activity break per day and control groups, at 2476 ± 957 and 2432 ± 955 steps/day, respectively. 

In the five classrooms that experienced at least one activity break per day, students accrued 

significantly more steps/day, amounting to approximately 33% (+1,100, p<0.001) more in-

school steps/day than the control group at follow-up. This increase was maintained even after 3-

months of intervention exposure during a post-assessment, in which students in classrooms 

which engaged in at least one activity break per day accrued 32% (1,350) more in-school steps 

per day than the control classrooms. Moreover, compliant classrooms experienced positive 

increases in steps/day across measurement periods (2476 ± 957 at baseline, 3317 ± 1592 at 

follow-up, and 4235 ± 1759 steps/day at 3 months post), in contrast to non-compliant 
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intervention classrooms who did not administer at least one activity break per day (2076 ± 951 at 

baseline, 1931 ± 526 at follow-up, and 3222 ± 983 steps/day at 3 months post), and control 

classrooms (2432 ± 955 at baseline, 2195 ± 919 at follow-up, and 2869 ± 981 steps/day at 3 

month post). The latter two groups instead witnessed a decline at follow-up, followed by an 

insignificant increase in steps per school-day during the post follow-up period. Through the 

implementation of classroom activity breaks, results by Murtagh et al. (2013) and Erwin et al. 

(2011) suggest that there is the potential to increase daily step counts by 1,000 or more additional 

steps through the implementation of classroom activity breaks. Furthermore, activity breaks 

provide brief bouts of PA during a period which is primarily sedentary in nature, through the 

implementation of a low-cost and minimally disruptive classroom-based activity approach.  

 Pedometers, designed specifically to record walking, are limited by their inability to 

quantify PA behaviors beyond an output of step counts which can be used with measured stride 

length to calculate distance traveled over a specified period of time. In this sense, it is difficult to 

determine the intensity and duration at which pedometer recorded step counts are accumulated. 

Accelerometers provide a more accurate objective measure of PA, with the ability to capture 

acceleration of the body in multiple dimensions, therefore better able to measure the complex 

movements associated with various PA intensities and behaviors. Several studies have therefore 

also examined the impact of classroom activity breaks on PA levels using accelerometer derived 

measurements of PA. One such study took place in Ireland, assessing the effectiveness of 

implementing three 5-minute activity breaks throughout the school day for 12-weeks aiming at 

increasing weekday MVPA (Drummy et al., 2016). Participants included 120 primary school 

children (9-10 years) from seven different schools. In each school, one class was assigned to the 

intervention, while the other was assigned as a control group. Teachers were provided with 
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approximately 40 different exercises, and all breaks began with light jogging in place for one 

minute, followed by MVPA exercises, which teachers were encouraged to vary each day. 

Participants wore accelerometers for seven consecutive days at baseline and during week 12 of 

the intervention, only removing the device while sleeping. Students in the intervention group 

significantly increased weekday MVPA by 9.5 min/day (58.7 ± 16.8 to 68.2 ± 25.8 min/day, 

p<0.05), or by approximately 16% compared to no change in the control classrooms (59.7 ± 17.5 

to 59.2 ± 21.4 min/day) between assessment periods. These results suggest that students 

participating in 15-minutes of activity breaks split up throughout the school day have the ability 

to successfully add up to 10 minutes of MVPA to each weekday. Once again, in-class activity 

has been shown to provide additional opportunities towards achieving the recommended 60 

minutes of daily MVPA associated with positive health benefits in youth. Of note in this 

particular study, is that participants in both groups were already averaging close to 60 minutes of 

MVPA per weekday. However, achieving more than 60 minutes of MVPA is understood to 

provide added health benefits, and in addition to breaking up SB bouts in the classroom, this 

activity break approach presents a viable way to be minimally disruptive to classroom 

educational time, while allowing children opportunities for additional brief periods of energy 

expenditure throughout the day. 

Early positive associations between classroom activity breaks and increased levels of PA 

appear promising among smaller samples of elementary students, however widespread 

generalizability of results has not yet been established. Carlson et al. (2015) sought to investigate 

the relationship between daily 10-minute classroom activity breaks and in-school PA levels 

among 1,322 students in ninety-seven 1st through 6th grade classrooms from 24 elementary 

schools in California. Classrooms incorporated daily 10-minute, evidence based classroom 
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activity breaks and data was collected using accelerometry shortly after the intervention began 

and again following approximately five months of intervention exposure. Additionally, students 

wore accelerometers on the same day of the week during both measurement periods. After one 

school year of exposure to daily classroom activity breaks, average in-school MVPA 

significantly increased (p<0.001) from 25.5 ± 11.3 to 27.8 ± 12.6 min/day, however this increase 

of 2.3 minutes may not be of a practically significant level to impact total daily activity. In 

classrooms where teachers reported having ever provided activity breaks, students were 75% 

more likely to obtain 30 min/day of MVPA during school (p<0.002), with an average of 3.1 

min/day more MVPA during school than students who did not receive activity breaks. In this 

particular study, students who were provided with 3 or more PA opportunities (comprising of 

activity breaks, recess, physical education, and/or having a true physical education teacher) 

accumulated an average of 5.3 min/day more MVPA in school than those who were afforded no 

PA opportunities. Furthermore, each additional PA opportunity offered to students was 

associated with a 1.5 min/day increase (p<0.05) in MVPA. Across the school day, providing 

students with a daily 10-minute classroom activity break in addition to other opportunities for PA 

led to a roughly 10% increase in the number of students achieving the recommended 30 min/day 

of MVPA in school, compared to classrooms which never received PA breaks (35.8±3.4% 

compared to 24.2±3.6% of students, respectively). Furthermore, teachers also reported that 

through the implementation of activity breaks in the classroom, students were less likely to be off 

task, inattentive, lacking in effort, and also displayed fewer problem behaviors. Although the 

increases of in-school PA levels described by Carlson et al. (2015) as a result of classroom 

activity breaks may not have been of a practical level, the results of this intervention suggest that 

if implemented as part of a comprehensive school PA program, brief bouts of activity in the 
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classroom may prove essential to accumulating sufficient levels of PA in school, while also 

breaking up sitting time and supporting good classroom behavior. 

 The impacts of increased PA during school on PA performed outside of school are also of 

interest to researchers. If students increase PA levels during one period of the day, it is unclear 

whether compensatory behaviors will occur at other time points, potentially impacting the 

viability of school-based interventions. Wilson and colleagues (2016) implemented a 10-minute 

classroom activity break on three school days in a single week to determine if compensatory 

declines in PA throughout the school day occurred due to the introduction of activity breaks 

during class time. In this 2 x 2 or AB׀BA crossover design, each student was assigned to either 

the intervention (activity break) or control group for one week, completed a one-week washout 

period, and then switched to the other treatment group for the second week. Participants included 

38 male Australian primary school students who were 12 years of age. The intervention included 

classroom activity breaks that incorporated basic movement skills using minimal equipment. 

Additionally, activity breaks occurred outdoors on a field within 50 meters of the classroom, 

rather than in the classroom itself. Activity breaks were administered to all participants by the 

lead researcher so as to avoid delivery bias through teacher administration. Students were 

instructed to wear a waterproof wrist-worn accelerometer 24 hours per day over seven 

consecutive days during both the intervention and control weeks. Additionally, brief 

questionnaires were administered to students and parents to collect information regarding sport 

participation and whether the weeks of data collection constituted “normal weeks of activity”. 

Results indicated that during the 10-minute activity breaks, students accumulated an average of 

6.1±1.4 min/day (p<0.001) of additional MVPA, including 3.1±1.0 min/day (p<0.001) VPA. 

Total daily MVPA remained similar between groups (67.9±21.8 vs. 69.5±25.9 min/day for 



   

42 
 

intervention and control groups, respectively). Even with similar activity levels, a significant 

increase in VPA was witnessed for the intervention group (8.9±4.4 vs. 7.6±5.2 min/day, p<0.05), 

coupled with a non-significant decrease in MPA (59.3±18.6 vs. 62.3±22.2 min/day) suggesting 

this intervention had a primary impact on increasing daily VPA. The greatest implications to 

these results however, was the discovery that although MVPA was significantly higher in-school 

on intervention days (42.4±14.7 vs. 36.7±13.9 min/day, p<0.001), students were found to 

compensate with a significantly lower amount of time spent in MVPA after school (24.4±12.3 

vs. 29.4±14.1 min/day, p<0.01), after controlling for after-school sport participation and 

accelerometer non-wear time. These findings suggest that there may be, in fact, a potential 

compensatory effect on daily MVPA with the introduction of increased opportunities for PA in 

school. This speculation however must be interpreted with caution when it is considered that 

students in this particular intervention were not participating long-term, and therefore lacked a 

sufficient amount of time for the body to adapt to increases in PA, potentially contributing to 

fatigue during after-school hours. However, as researchers continue to search for ways to 

increase PA in children, it remains important to analyze total daily PA among this population so 

that issues such as compensatory changes can be accounted for, providing a more thorough 

analysis of lifestyle behaviors as opposed to solely examining in-school activity changes.  

 Classroom activity breaks present a prime opportunity for increasing levels of PA during 

the school day, while also breaking up time spent performing SB. The goal of activity breaks in 

school are to provide a cost effective way to minimally disrupt the educational curriculum, while 

simultaneously ensuring students are receiving additional time to be physically active. With 

school systems placing emphasis on academic achievement over traditional periods of physically 

activity (recess and physical education), providing students with feasible daily opportunities to 
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expend energy and be active is of increasing importance. Classroom activity breaks have, in fact, 

provided insight into an area of the school day where a mild intervention stimulus may be 

successfully implemented, while maintaining a minimal impact on instructional time and 

therefore still showing support for academic achievement among students. One such approach 

that has rapidly increased in popularity over the past several years has been the implementation 

of stand-biased desks in classrooms. This approach to modifying the classroom environment in 

order to provide increased opportunities to stand targets a period of the day in which students 

spend the majority of time sitting, therefore having the potential to impact a large portion of a 

child’s day.   

 

Stand-Biased Desk Interventions 

Stand-biased desks have recently become more popular in the workplace, as research has 

supported the effectiveness at which they break up SB and increase workplace productivity. 

Partly as a result of these findings, the implementation of stand-biased desks into elementary 

schools has recently emerged as an approach to break up sitting time while also potentially 

benefitting students learning in the classroom. Currently, a limited body of research exists 

surrounding stand-biased desks in the classroom, with a large amount of publications consisting 

of either pilot or early exploratory research trials. Even more so than with classroom activity 

breaks, stand-biased desks provide a minimally disruptive approach to breaking up periods of SB 

through the alteration of the classroom environment. Publications involving the impacts of stand-

biased desks thus far have focused on outcomes ranging from cognitive benefits, postural 

comfort, energy expenditure, and changes in students PA and SB.  

 

 



   

44 
 

Cognitive Impact 

Although the positive associations between increased levels of PA and academic 

achievement have been previously demonstrated, research has not fully explored whether 

engaging in a slightly more active behavior, such as standing as opposed to sitting while 

learning, will have a similar impact. Dornhecker and colleagues (2015) conducted an exploratory 

study which investigated the effect of stand-biased desks on academic engagement among 2nd, 

3rd, and 4th grade students in three separate elementary schools. Students from 12 classroom 

groups were provided with either a stand-biased desk (n=158) or a traditional seated desk 

(n=124) and assessed via direct observation at the beginning of the academic school year, and 

again following 9 months of intervention exposure. Prior to baseline data collection, stand-biased 

desks were appropriately adjusted to each intervention participant’s height. Researchers utilized 

the Behavioral Observations of Students in Schools (BOSS) observational tool to assess the 

frequency which students displayed active engagement, passive engagement, and off-task 

behavior in class. Each participant was observed for a total of 12-minutes (48 15-sec intervals) 

on a single day at baseline, and again at follow-up. This process is known as time-sample 

interval recording, which is best used in observations involving the documentation of multiple 

behaviors to approximate the frequency at which these behaviors occur (Hintze, Volpe, & 

Shapiro, 2002). At baseline the intervention group displayed significantly (p<0.01) greater levels 

of academic engagement than the control group. During follow-up, the control group displayed a 

greater increase in academic engagement relative to the intervention group, however the 

intervention group maintained a higher, but insignificant level of academic engagement overall. 

Although significant increases in academic engagement as a result of stand-biased desk use was 

not found, results of this study suggest that the implementation of stand-biased desks do not 
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appear to have a negative impact on academic engagement in the classroom. This finding is 

important in supporting the implementation of stand-biased desks in elementary schools as a way 

to promote healthy behaviors in students without being detrimental to the learning process. 

Furthermore, academic engagement was seen to increase in both groups throughout the school 

year, which also translated across grade levels, with 4th grade participants displaying the highest 

levels of academic engagement relative to students in 3rd (second highest), and 2nd (lowest) 

grade. Through further analysis, a secondary outcome emerged suggesting that as grade level 

increases, in which more time is traditionally spent at a student’s desk, the use of stand-biased 

desks may prove even more beneficial than among younger students who may use the desks less 

throughout a normal school day.  

Increased academic engagement may ultimately lead to increases in cognitive function 

and learning. This was a hypothesis which Mehta et al. (2015) explored among a cohort of 34 

incoming freshman over the course of one school year (~27.5 weeks). More specifically, this 

pilot investigation sought to determine the impact of stand-biased desks on executive functioning 

and working memory, along with any associated changes in frontal brain function. All 

participants underwent a neurocognitive test battery involving 5 distinct tasks, while a subgroup 

of students (n=14) also had prefrontal cortex activity measured using functional near infrared 

spectroscopy (fNIRS) which detected changes in oxygenated and total hemoglobin during the 

test battery as an indicator of hemispheric brain activation. The test battery was conducted on a 

computer while using a standing workstation and involved the completion of: the Wisconsin 

Card Sorting Task (assessing reasoning and cognitive strategy modification), Flanker Task 

(decision making speed and directionality discrimination), Memory Span Task (working 

memory), and the Trail-Making Task and Stroop Color Word Task (each of which measured set-



   

46 
 

shifting and cognitive flexibility). Over the course of one school year, utilization of stand-biased 

desks did not result in any decreased performance, but rather was associated with either no 

change or slightly improved task performance across all measured test variables. More 

specifically, significant improvements were found in median reaction time for correct responses 

(+10%, p<0.0001), incorrect responses (-14%, p<0.05), and the percentage of correct responses 

(+13%, p<0.05) in assessing reasoning and cognitive strategy modification through the 

Wisconsin Card Sort task. Additionally, a significant decrease in the total time needed to perform 

the trail-making tasks letters (-7%, p<0.05), and number+letter (-14%, p<0.0001) assessments 

was observed, which measured set-shifting and cognitive flexibility. Lastly, the reaction times on 

the stroop color word task, which also measured set-shifting and cognitive flexibility decreased 

significantly (-13%, p<0.05). Over the course of the school year, fNIRS measurement detected a 

significant Time by Brain hemisphere interaction during the Wisconsin card sorting task 

(p<0.05), memory span task (p=0.05), and trail-marking task (p<0.05), in which a greater 

activation of the right hemisphere occurred for the first, and left hemisphere for the second and 

third tasks. Total hemoglobin concentration meanwhile remained stable across all tasks 

performed in both hemispheres except for during the stroop color word task, in which total 

hemoglobin was significantly higher in the left hemisphere (p<0.05). Observations of pre-frontal 

cortex activity increases suggest that the utilization of stand-biased desks does, in fact, improve 

or at the very least, is not detrimental to the processes of executive function and working 

memory in students over the course of a school year. Additionally, improvements witnessed 

through this standing intervention align with findings from a 13-week VPA intervention 

performed by Davis et al. (2011), potentially implying that reducing SB through any increases in 

activity, regardless of intensity or duration improves cognitive function in children. These 
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findings also support the idea that learning will be more effective and occur more efficiently 

among students who are standing as opposed to sitting, which is where working memory and 

executive function are largely applied in the classroom.  

 Results reported by Dornhecker et al. (2015) and Mehta et al. (2015) suggest that the 

introduction of stand-biased desks in the classroom not only have the potential to improve 

cognitive function, but also do not detract from academic engagement in students, improving 

attention and decreasing off-task behavior. Furthermore, the secondary outcomes presented by 

additional studies (Blake et al., 2012; Koepp et al., 2012; Aminian et al., 2015) further support 

the positive cognitive impacts of stand-biased desks through teacher reported improvements in 

students’ classroom behaviors. In searching for an optimal learning environment, stand-biased 

desks provide the enhanced ability to critically think and concentrate, supporting an improved 

academic environment for learning. 

  

Posture 

 Poor sitting posture and sitting for prolonged periods of time has been associated with 

increased instances of low-back pain across the lifespan. Specifically, studies have shown that 

sitting with a flexed trunk (e.g. leaning over a desk) increases spinal load through a reduction in 

core stability and support. Prolonged static sitting also increases intradiscal pressure on the 

intervertebral discs leading to a reduction in blood flow, potentially resulting in decreased 

nutrition delivery and impacting long-term vertebral health (Cardon et al., 2004). Stand-biased 

desks provide the opportunity to break up prolonged periods of sitting, redistributing spinal load 

and improving overall body discomfort while standing through the assumption of a more neutral 

body position. However, standing for prolonged periods of time during the school-day is not 
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common practice in the United States, leading to questions regarding whether prolonged 

standing leads to changes in the levels and anatomical locations of discomfort not typically 

associated with prolonged periods of sitting. As part of a larger intervention, Benden et al. (2013) 

aimed to examine student’s sitting and standing posture along with self-reported discomfort 

while using stand-biased or traditional seated desks. Researchers further sought to understand 

whether there were any unidentified consequences to implementing stand-biased desks in the 

classroom which may actually support the retention of traditional seated desks. Participants from 

4 second grade classrooms (15 intervention; 27 control) in a single elementary school were 

assessed using direct observation while working at assigned workstations. A body part 

discomfort questionnaire was completed 12 days prior to postural analysis, which assessed 

discomfort caused by the desks only. Participants were then observed three separate times over 

several days for 10-minute periods while working at their respective workstations. During 

observations, researchers documented body position at the start of each minute and classified 

these postures as either preferred (good posture) or non-preferred (poor posture). Using a 

postural observation sheet, researchers also recorded whether students were sitting on a chair or 

stool, standing, the angle of trunk and neck flexion, whether they were resting on the desk or 

using a backrest, and whether the arms or legs were crossed. On average, students in the 

intervention group stood 12.3% of the time while working on an assignment at their workstation. 

Stand-biased desk users also reported greater comfort in their neck, arms, and legs, while 

students at traditional desks reported greater comfort for the lower back, wrists, hands, ankles, 

and feet compared to the rest of their bodies, respectively. Overall however, students using 

traditional seated desks reported greater levels of discomfort in all areas of the body relative to 

students at stand-biased desks. During observation, greater neck flexion and extension (non-
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preferred postures) were witnessed in the intervention group, however this was speculated to be 

due to the nature of work students were completing at their desks, which typically involved 

looking over papers rather than listening to a teacher instruct from the front of the classroom. 

Finally, a greater proportion of students using stand-biased desks spent more time in preferred 

classroom postures, but the difference between the intervention and control groups was not 

significant (p>0.05).  

 Similar to the results reported on the cognitive impact of stand-biased desks, it is 

suggested that posture does not deteriorate when children are provided with the option to stand 

during class. Standing for prolonged periods of time throughout the day provides the opportunity 

for students to engage and strengthen leg and core muscles over time, potentially leading to long-

term adaptations in improving posture and body discomfort. 

 

Energy Expenditure 

Energy expenditure (EE) refers to the amount of calories (kcal) expended while the body 

performs activities at various intensities of effort. Non-exercise activity thermogenesis (NEAT) 

is a term which refers to the energy expenditure associated with all physical activities other than 

exercise (Levine et al., 2006). This type of EE accounts for approximately 70% of thermogenesis 

resulting from routine activities of daily living, including postural maintenance and standing 

(Levine et al., 2006). Although the quantity of energy expenditure may not reach that of MVPA, 

NEAT in a sense can be viewed as a behavioral approach towards increasing average EE. One of 

the overlying objectives of Healthy People 2020 is to reduce the prevalence of childhood obesity 

by 5%. In order to accomplish this task, it has been estimated that an average reduction in energy 

intake or increase in energy expenditure equaling 41 kcal/day is necessary (Dornhecker et al., 
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2015). There are many ways to increase energy expenditure throughout the school day which 

have been well documented. More recently however, research has begun to examine the impact 

of altering postures on children’s daily energy expenditure. With the sedentary nature of 

traditional seated classrooms, the introduction of opportunities to stand has been presented as a 

potential method to increase NEAT, and potentially target a reduction in the prevalence of 

childhood obesity at the school level.  

 The earliest documentation of measurable increases in caloric expenditure as a result of 

stand-biased desks came from the work of Benden and colleagues (2011) in College Station, 

Texas. In this initial assessment, four 1st grade classrooms (2 intervention, 2 control) from a 

single, ethnically diverse elementary school were randomly assigned to either receive stand-

biased desks or act as a control group with traditional seated desks. Students received no 

additional instruction regarding the use of stand-biased desks in order to examine natural 

standing behaviors rather than the result of external encouragement to perform such behaviors. 

Of the 71 participants initially enrolled in the study, 58 students (n=31 intervention, n=27 

control) provided complete data. Over the course of four separate measurement intervals 

throughout a single academic year, participants were instructed to wear a BodyBugg® armband 

on the upper left arm for five consecutive school days. This device estimates energy expenditure 

based on an individual’s height, weight, gender, age, and handedness, combined with measures 

of heat flux, temperature, galvanic skin response, and a 3-axis accelerometer. Primary time 

selected for analysis was during the first two hours of the school day (8:00 – 10:00 am) because 

both the intervention and control groups were in their classrooms and performing the same tasks 

at their workstations. Results of this assessment showed that, while using the stand-biased desks, 

children expended significantly more energy (0.18 kcal/min or +17%, p<0.05) compared to 
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students seated at traditional desks. Furthermore, participants who were either overweight or 

obese expended additional energy compared to their control group counterparts (0.38 kcal/min or 

+32%), although this was not a significant difference among this subgroup.   

 During the same time period as the between subjects intervention previously described, a 

within-subjects analysis of energy expenditure as a result of stand-biased desk use was 

conducted by Benden and colleagues (2012) in a separate 1st grade classroom from the same 

elementary school. Participants included 9 students (6 male, 3 female) from a single classroom 

which utilized traditional seated desks for the first semester of the school year (~5months) before 

changing to stand-biased desks for the second semester (~5 months). Energy expenditure and 

step count were measured for one school week at the end of each semester using the BodyBugg® 

armband. Data was collected for two hours in the morning (8:30-10:30am) while children 

performed work primarily at their designated workstation. Due to the within-subjects design of 

this intervention, researchers developed a regression equation for the analysis of BodyBugg® 

data, which accounted for differences in EE as a result of participants’ natural body growth 

between the fall and spring semesters, allowing results to be reported strictly based on stand-

biased desk use. Significantly more energy was expended using stand-biased desks compared to 

seated desks, with a mean difference of 0.29±0.12 kcal/min (+25.7%, range: 0.07-0.47, 

p<0.0001). Using traditional desks, student’s energy expenditure averaged 0.79-1.66 kcal/min, 

while the spring semester resulted in an average of 1.06-1.91 kcal/min expended during the same 

time period. Additionally, a 17.6% (+836 steps/day) increase in average step-count occurred with 

the introduction of stand-biased desks, suggesting that standing may also lead to more frequent 

movement around the classroom or desk space compared to sitting. These findings take on 

importance when it is considered that a measurable increase in energy expenditure was detected 



   

52 
 

among 1st grade students, who spend on average just 2 hours at their desk during the school day, 

suggesting that an even greater effect may occur among older students, who spend as much as 6 

hours per school day at their workstation. 

  With initial pilot investigations completed in a single elementary school, Benden et al. 

(2014) conducted a larger scale intervention across 24 classrooms at three separate elementary 

schools in Texas to further evaluate the impact of stand-biased desks on energy expenditure in 

the classroom. Participants were 374 2nd through 4th grade students divided into two intervention, 

and two control classrooms per grade, with two grades analyzed per school. The study protocol 

has been previously described (Benden et al., 2011), and participants wore Sensewear® (formerly 

BodyBugg®) armbands to measure energy expenditure for two hours per day over five 

consecutive school days during the fall and spring semesters. Similar to results presented by 

Benden et al. (2011), utilization of a stand-biased desk significantly increased mean energy 

expenditure by 0.16 kcal/min (p<0.0001) during the fall semester, however this difference was 

somewhat attenuated in the spring semester, measuring 0.08 kcal/min (p = 0.0092) between 

intervention and control groups. Along with these findings there was a significant increase in 

energy expenditure among the control group of 0.07 kcal/min (p<0.05) from fall to spring, which 

researchers described as a potential reflection of the natural increase in energy expenditure 

experienced by children during the growth cycle. This ‘difference across the growth cycle’ was 

also reinforced as across both groups, 3rd graders had a higher mean energy expenditure than 

second graders (+0.13 kcal/min, p<0.0001), and 4th graders had a higher mean energy 

expenditure compared to participants in 3rd grade (+0.12 kcal/min, p<0.01). Irrespective of 

treatment, compared to participants within the normal weight range, overweight participants 

displayed a significantly greater energy expenditure of 0.24 kcal/min (p<0.0001) compared with 
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participants in the normal weight category, while obese participants recorded on average 0.40 

kcal/min (p<0.0001) more energy expended than those individuals within the normal weight 

range. These findings reinforce the knowledge that overweight and obese individuals expend 

greater amounts of energy compared to those of normal weight when performing similar tasks, 

regardless of treatment. However, this information also suggests that when standing, muscle 

activation from increased activity coupled with greater body mass may result in greater levels of 

NEAT, which likely does not occur in a seated environment. Changing the classroom 

environment can therefore provide relative increases in energy expenditure beneficial to all 

participants, while maintaining a minimal level of interruption to learning.  

 Energy Expenditure is a term commonly used when discussing changes in body 

composition. Body Mass Index (BMI) is a measure of an individual’s body mass relative to 

height, often employed as a quick assessment of relative body size in the general population to 

suggest whether an individual is under-, normal-, over-weight, or obese. For children and 

adolescents, BMI is further broken down into age-matched percentiles using growth charts based 

on what have been established as predicted growth patterns through adolescence (CDC, 2000). 

BMI percentile categorizations are provided in ranges, with a child measuring below the 5th 

percentile considered underweight, individuals from the 5th to 85th percentile are classified as 

normal weight, individuals between the 85th to less than the 95th percentile are considered 

overweight, while an individual greater than or equal to the 95th percentile is considered obese. 

Body Mass Index is influenced by a number of factors cumulating into energy balance. This is 

the idea that in order to maintain weight, energy consumed must equal energy expended. Gained 

weight is the result of increased energy consumption or decreased expenditure, while the 

opposite is true for an individual losing weight.  
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Wendel et al. (2016) sought to measure changes in BMI as a result of the utilization of 

stand-biased desks in the classroom. In order to accomplish this, the intervention of Benden et al. 

(2014) was extended to span two school years. The intervention for the first school year has been 

previously described by Benden et al. (2011), however due to the grade increase among 

participants at the midway point of the intervention, during the second year it was not possible to 

ensure that all intervention and control participants remained in the appropriate treatment or 

control classroom. Therefore, four analysis groups emerged from this study, which included 

those who remained in a treatment classroom (T-T), those who remained in a control classroom 

(C-C), those who switched from a treatment to control classroom (T-C), and those who switched 

from a control to a treatment classroom (C-T) between the two years. By the end of the two-year 

study, complete data was provided by 193 students comprising of height, weight, gender, birth 

date, and age, which were all used to calculate BMI, BMI percentile, and BMI category 

according to the Centers for Disease Control and Prevention guidelines (2015). This process was 

repeated once more at the conclusion of the two year study to assess changes in Body Mass 

Index. Baseline data revealed that 79% of the sample was normal weight, 12% overweight, and 

9% obese with no significant differences across baseline characteristics between groups. Overall, 

there was an increase in BMI across all groups, however this can generally be attributed to 

increases associated with age-related growth, with the C-C group increasing BMI by 0.4±1.1 

kg/m2, while the T-T group experienced an increase of 0.1±1.2 kg/m2. There was a statistically 

significant decrease however, in BMI percentile for the T-T group of 3.1±14.5%, while the C-C 

group experienced an increase of 1.8±14.6%, amounting to a significant difference of 5.2±2.5% 

(p<0.05) between groups. Both the T-C and C-T groups also experienced decreases in BMI 

percentile relative to the control group, and although not significant, these amounted to a 
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decrease of 2.96±2.54% and 3.94±3.35%, respectively. With a slight increase in body mass 

index expected to occur with increasing age through childhood and adolescence, a decrease in 

age-matched BMI percentile is indicative that children utilizing stand-biased desks for a 

prolonged period of time limited excess weight gain relative to students seated at traditional 

desks. 

When used consistently, stand-biased desks present the opportunity to significantly 

increase energy expenditure in the classroom during periods which are otherwise primarily spent 

sedentary. Following two-years of consistent use, the potential to further increase energy balance 

was witnessed with a significant difference in age-matched BMI percentile. Furthermore, it was 

documented that students who were older or weighed more expended greater levels of energy 

while standing in the classroom compared to their younger, leaner peers. These findings 

therefore suggest that this classroom modification may have a relative beneficial impact across a 

large segment of elementary school students, with prolonged exposure to stand-biased desk use 

benefitting both cognitive and physical outcomes.  

  

Physical Activity & Sedentary Behaviors 

 Although an increase in energy expenditure was recorded while using stand-biased desks, 

the decrease in BMI percentile after prolonged exposure in the classroom reported by Wendel et 

al. (2016) may fail to accurately portray other factors which contributed to this outcome. Stand-

biased desks provide the opportunity to stand as desired during a traditionally sedentary period of 

the day, however there is an added possibility that PA behavior changes also occur across the 

entire day, having an impact beyond the classroom. The goal of stand-biased desks is ultimately 

to decrease time spent sitting, however the extent to which this occurs, in addition to whether an 
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impact on PA behaviors throughout the day also occur remains to be fully explored. With the 

increase in energy expenditure recorded during desk use, and the decrease in BMI percentile 

witnessed following prolonged exposure, it is possible that spending more time standing during 

class does more for daily PA levels than solely breaking up long bouts of SB.  

 In New Zealand, a pilot study investigating the acceptability of standing workstations in 

the classroom was conducted in order to quantify changes in students time spent sitting, standing, 

and walking (Hinckson et al., 2013). Three classrooms (two intervention, one control) from two 

elementary schools were recruited for a controlled trial, in which intervention classrooms 

received standing workstations while the control classroom retained traditional seated desks. 

Participants were 30 (n=23 intervention, n=7 control) third and fourth grade students who wore 

ActivPAL movement and posture sensors on their front right thigh for seven consecutive days at 

two different time points, four weeks apart. After completion of baseline data collection at the 

beginning of the school year, standing workstations were introduced into intervention classrooms 

and adjusted to three specific heights (83cm, 96cm, and 109cm), which children of similar floor-

to-elbow height were grouped around. Additionally, exercise balls, bean bags, and mats were 

provided to the intervention classrooms for children to use when they were tired of standing. 

There were no significant (p>0.10) differences between the intervention and control groups 

following four weeks of exposure to standing workstations. However, results suggest that 

participants in the intervention group decreased sitting time by nearly one hour (9.3±1.2 to 

8.3±1.5 h/day) compared to a smaller decrease in the control group (9.3±1.5 to 9.0±0.8 h/day). 

Standing was also found to increase in the intervention group (3.1±0.8 to 3.8±0.9 h/day), while 

simultaneously decreasing in the control group (3.2±0.9 to 2.9±0.3 h/day). Meanwhile, stepping 

time experienced a decrease in both the intervention (2.4±0.7 to 2.3±0.5 h/day) and control 
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(2.7±0.4 to 2.5±0.4 h/day) groups. During stepping time, the control group accumulated and 

maintained ~1,000 more steps per day on average (12,884±2,191 to 12,424±2,160 steps/day) 

than the intervention group (11,681±3,306 to 11,255±2,500 steps/day). Sit-to-stand transitions 

also experienced a greater decrease in the intervention group (116±23 to 93±17) compared to 

control (102±30 to 98±26). Overall, standing workstations resulted in a greater amount of time 

spent standing during the day compared to students using traditional seated desks, even when 

alternate seating options were present. Additionally, number of sit-to-stand transitions were less 

among intervention participants, presumably due to the fact that students were already standing if 

they needed to move about the room, therefore not needing to rise from a seated position or sit 

back down as often. Stepping time and step count results were unclear in the present study, 

however similar decreases between intervention and control groups in step count suggest that 

standing workstations had no little to no impact, while potentially having a slightly attenuating 

effect on decreases in stepping time. 

 Following the completion of the initial pilot study by Hinckson et al. (2013), a longer 9-

week intervention was conducted by Aminian, Hinckson, & Stewart (2015) to assess the 

effectiveness of a ‘dynamic classroom’ environment on increasing standing and reducing sitting 

time in primary schoolchildren. Two classrooms from two separate primary schools were 

included in this study. One classroom acted as an intervention (n=18) and the other as a control 

(n=8). In total, 26 students aged 9-11 years completed the study. Students wore an ActivPAL 

movement and posture sensor for seven consecutive days at baseline (BL), week 5 (MID), and 

week 9 (F) of the intervention to determine time spent sitting, standing and walking. None of the 

results reported were determined to be significantly different (p>0.05) between the intervention 

and control group. Overall, students in the intervention group experienced a decrease in sitting 
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time of nearly two hours (9. 6±1.3 BL; 8.3±1.7 MID; 7.6±2.1 F h/day) compared to a smaller 

decrease by the control group (9.3±1.3 BL; 8.9±0.8 MID; 8.1±3.10 F h/day). Intervention 

students increased their time spent standing (3.2±0.8 BL; 3.4±0.7 MID; 3.7±0.9 F h/day), while 

students in the control group experienced a concurrent decrease (3.0±0.9 BL; 2.8±0.3 MID; 

2.8±0.8 F h/day). Sit-to-stand transitions at midpoint measurement decreased more in the 

intervention group (118±26 BL; 86±20 MID) compared to control (112±17 BL; 107±14 MID), 

however both the intervention and control groups recorded similar sit-to-stand transitions at the 

final measurement period (84±19 and 74±20, respectively), suggesting no difference between 

groups, similar to results reported by Hinckson et al. (2013). In school, the intervention group 

experienced a greater decrease in sitting time (3.9±0.4h BL; 3.1±0.4h MID; 2.8±0.4h F) 

compared to the control group (3.6±0.6h BL; 3.7±0.5h MID; 3.2±0.8h F). Standing time 

however increased in both groups by the final measurement period, with the intervention group 

experiencing a greater increase (1.2±0.4h BL; 1.7±0.4h MID; 2.1±0.4h F) compared to control 

participants (1.2±0.4h BL; 1.2±0.3h MID; 1.6±0.7h F). Once more, the intervention group 

experienced a greater initial decrease in sit-to-stand transitions (49±10 BL; 38±8 MID) compared 

to control (50±8 BL; 51±11 MID), however by week 9 results were similar between the 

intervention and control groups (37±9 and 40±13, respectively), suggesting no effect. Time spent 

sitting during the after school period was similar between students from the intervention 

(4.8±1.2h BL; 4.4±1.5h MID; 4.2±1.7h F) and control (4.7±0.8h BL; 4.2±0.6h MID; 4.1±2.1h F) 

groups, suggesting that the primary impact of stand-biased desks in reducing sitting time may 

occur during the school day rather than outside of it. After school standing time also decreased in 

both groups, however the intervention group may have experienced some attenuation (1.5±0.4h 

BL; 1.2±0.5h MID; 1.3±0.6h F) in comparison to the control group (1.3±0.7h BL; 1.1±0.3h 
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MID; 0.8±0.5h F), with a difference of 0.5h between groups at the final measurement period. 

Change in sit-to-stand transitions during the afterschool period was not significantly different 

between groups, however, the pattern of decline did differ with the intervention group showing a 

greater initial decrease from baseline to the midpoint assessment, then no change from the 

midpoint assessment to the follow-up assessment (56±15 BL; 39±12 MID; 39±13 F), while the 

number of sit-to-stand transitions performed by the control group declined throughout the study 

(48±11 BL; 41±10 MID; 24±11 F). Results from this study suggest that the implementation of 

standing workstations may have a stronger effect on in-school behavior, however there does not 

appear to be a compensatory effect during the after-school period. During the final after school 

measurement period, children in the intervention group spent approximately 29 more minutes 

standing, in addition to more time spent standing during the school day, than the control group. 

Focus groups conducted during the follow-up period with both teachers and students revealed 

that there was widespread approval of and satisfaction with the implementation of standing 

workstations in the classroom, with children also suggesting that they felt stronger in the core 

and legs following prolonged desk use. The outcomes provided thus far by Hinckson et al. 

(2013) and Aminian et al. (2015) support the implementation of standing workstations as a 

method to reduce sitting time during the day in exchange for time spent standing, however 

behavior change beyond this remains unclear. 

 Pilot controlled trials were also conducted within two separate countries, Australia and 

the United Kingdom (UK), with results from both of these interventions reported by Clemes and 

colleagues (2015). The aim of these interventions were to examine the influence on sitting time 

of two different approaches to implementing stand-biased desks during a 9-10 week intervention. 

Two classrooms (one intervention, one control) were selected in a single school in each country, 
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and participants consisted of thirty 9-10 year old students in the UK (16 boys, 14 girls), and 

forty-four 11-12 year old children in Australia (19 boys, 25 girls). Traditional seated desks were 

replaced by stand-biased desks for the entire intervention classroom in Australia, while in the 

UK, six stand-biased desks were placed into a classroom which maintained traditional seated 

desks for the rest of its students. The instructor in the UK intervention classroom therefore 

rotated students in groups of six so that each student was exposed to the stand-biased desks for at 

least one hour each day. Instructors from both intervention classrooms were also provided with 

information regarding the benefit of reducing SB in children, as well as strategies to reduce 

sitting time. Control classrooms in both countries maintained traditional seating arrangements. 

All participants were instructed to wear an ActivPAL3 accelerometer for 7 consecutive days 

during all waking hours at baseline and follow-up, with baseline occurring prior to the 

installation of stand-biased desks in the intervention classrooms. In the UK intervention group, 

students experienced a significant decrease in time spent sitting during class from 210.4±34 to 

158±49.2 minutes (-52.4±66.6, p=0.03) compared to a nonsignificant decrease in sitting time 

experienced in the control group, from 187.4±59.1 to 180.5±67.5 minutes (-6.9±91, p>0.05). 

Similar decreases in sitting time were seen for the Australian intervention group from 

201.5±25.4 to 157.8±19.7 minutes (-43.7±29.9, p<0.001), however the control group also 

experienced a significant decrease in sitting time from 205.3±18.3 to 177.1±22 minutes (-

28.2±28.3, p=0.04). There was no significant increase in standing time detected in the UK 

intervention group, from 58.5±25.1 to 61.3±34.3 minutes (+2.8±39.6, p>0.05) or in the control 

group, which increased from 57.8±32.0 to 57.9±34.1 minutes (+0.1±52.8, p>0.05). However, 

significant increases in standing time were detected in both the intervention (53.7±13.3 to 

72±21.6 min, +18.2±21.2, p<0.001) and control (43.7±7.7 to 58.2±18.1 min, +14.6±18.9, 
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p=0.001) groups in the Australian school. For total daily activity, the Australian intervention 

group experienced a small, but significant increase in standing time from 172.0±51.3 to 

185.0±39.5 minutes (+13.0±53.1, p=0.01), however there were no other significant changes in 

behaviors for either intervention. It was found that throughout the study, only the Australian 

instructor initially encouraged children to stand for at least one 30-min class period per day with 

a gradual increase over time, even though it was recommended in both interventions. Unique to 

the UK intervention study, participants were provided with a minimum 60 minutes of exposure 

to stand-biased desk use each day. Coincidentally, a nearly 60 minute reduction in sitting time (-

52.4±66.6) was found, potentially suggesting that when limited, the opportunity to stand in the 

classroom will be taken advantage of fully, compared to students constantly exposed to standing 

workstations, in which a smaller decrease in sitting time was recorded. The implementation of 

stand-biased desks in the classroom alone may be enough to increase time spent standing and 

decrease sitting time in students, however further improvements may result from additional 

levels of intervention delivery such as constant rather than intermittent exposure to desk use, and 

the positive encouragement from an instructor, as reported in this study. 

In a non-randomized trial, Koepp and colleagues (2012) aimed to study how the 

implementation of stand biased desks impacted PA behaviors during an 8 month intervention 

period. Participants were eight 6th grade students in a single elementary school classroom who all 

received stand-biased desks. Pedometers were used to track in-class PA, with specific 

instructions provided to remove the device during recess and at the end of each school day. 

Pedometers were worn on a daily basis, and total step count was recorded at the end of each day, 

with log sheets submitted to researchers on a monthly basis for analysis. Following eight months 

of exposure to stand-biased desks, in-class step counts increased slightly from 1886±809 to 
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2249±990 steps/day (+19%), with a mean difference of 362 steps, however this was not 

significant (p>0.05). This study was limited by the small sample size and the use of a pedometer 

to quantify PA in the classroom. By using a more detailed objective measure of PA such as an 

accelerometer, further information could be collected to assess the impact of stand-biased desks 

on PA behaviors beyond standing and stepping. 

 The impact of an 8-month stand-biased desk intervention was investigated through a non-

randomized pilot trial conducted in Australia by Contardo et al. (2016). Stand-biased desks were 

introduced into the classroom with the intention of reducing and breaking-up SB in students. 

Two 6th grade classrooms (one intervention and one control) from a single elementary school 

(n=48; 24 participants per classroom) completed the study. The intervention classroom received 

a stand-biased desk for each student and the teacher received instruction on the delivery of 

pedagogical strategies to reduce and break-up sitting time in class. This ‘professional 

development’ curriculum was intended to progressively increase the number of standing lessons 

and breaks in sitting time over the course of the intervention through LPA breaks and 

educational lessons promoting daily PA. Data was collected over 8 consecutive days at baseline, 

before stand-biased desks were introduced into the classroom, and again following 8-months of 

exposure using an ActivPAL monitor to measure time spent sitting, stepping, sitting in bouts of 

5, 10, and 20 minutes, as well as the frequency of sit-to-stand transitions. Students were also 

instructed to wear an accelerometer over the same period to record time spent in LPA. Three 

time periods were analyzed as part of a full day, including classroom time (300 min/d), school 

time (390 min/d, including recess and lunch), and all waking hours (960 min/d). Within the 

classroom, there was a significant difference between groups in time spent sitting in bouts lasting 

10-minutes or more, with the intervention group experiencing a decrease of 28.8 minutes 
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(123.0±23.1 to 95.9±31.3, p<0.001), while the control group experienced a lesser decrease of 

11.2 minutes (122.0±20.4 to 107.7±23.2, p<0.05), amounting to a difference of 17.7 minutes 

between groups (p<0.05). There was also a significant intervention effect on sitting bouts lasting 

10 or more minutes for the entire school day. During this period, the intervention group 

decreased cumulative bout time by 38.3 minutes (142.9±32.9 to 106.7±38.1, p<0.001), compared 

to a decrease of 10.56 minutes (143.1±30.7 to 126.9±34.1, p<0.05) in the control group. During 

the school day there was also a significant difference of 7.3 (p<0.05) sit-to-stand transitions 

between the intervention and control groups, with the control experiencing a greater decrease of 

7.9 sit-to-stand transitions (44.1±7.14 to 37.9±6.3, p<0.001), relative to a decrease of 0.6 

transitions (46.7±8.6 to 44.5±12.1, p<0.05) by the intervention group. Supporting the 

significantly larger frequency of sit-to-stand transitions by the intervention group during school 

time was a similar trend towards a larger frequency of transitions (+5.2, p=0.06) experienced in 

the classroom, although this failed to reach statistical significance. There were no significant 

intervention effects found during waking hours, however there remained a slight trend towards a 

higher frequency of sit-to-stand transitions (+9.87, p=0.08) among the intervention group, 

although this also failed to reach statistical significance. No significant changes in LPA occurred 

during school time, however the intervention group experienced a significant decrease of 19.2 

minutes (321.7±34.9 to 299.7±46.3, p<0.05) across all waking hours. These findings reinforce 

the idea that stand-biased desks may have the strongest effect on breaking up SB during school 

time, as was witnessed by the significant reduction in longer sitting bouts by students in the 

intervention group. Although no significant intervention effects were witnessed during all 

waking hours, it is worth noting that there appears to be a trend towards a compensatory effect 

occurring at some point during the day outside of school time in which the control group 
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experienced a greater increase in standing time in the form of 16.3 additional minutes outside of 

school, compared to just 2.1 additional minutes in the intervention group. Coupled with this was 

a greater decrease in sitting time outside of school for the control group of 28.6 minutes 

compared to no change recorded for the intervention group. Additionally, in contrast to the 

decrease in results reported by Hinckson et al. (2013) and Aminian et al. (2015), sit-to-stand 

transitions experienced a relative increase during this intervention, with an unclear reason as to 

why. To date, the pilot study conducted by Contardo et al. (2016) is the most thorough analysis 

supporting the implementation of stand-biased desks in the classroom as a tool to break up sitting 

time in the classroom. 

  Within the limited body of published research, the implementation of stand-biased desks 

in the classroom appear to support a reduction in sitting time, most notably in the classroom. 

Beyond this, early studies have also found associations with increased cognitive function, 

improved posture and comfort, and higher levels of energy expenditure. However, the 

quantification of PA behavior changes beyond standing and stepping have yet to be fully 

explored, with questions remaining as to whether an environmentally based classroom 

intervention will have a significant impact on PA levels of students across the day. With an ever 

increasing need to address the early development of SB in children, intervening in the classroom 

where a child spends the majority of their school day engaged in learning is a possible solution to 

reducing time spent sitting in exchange for standing while still supporting, and potentially 

enhancing the academic aims of the elementary school system. 

 

Chapter Summary 

In summary, when appropriately addressed by instructors and administrators, the school 

day and environment offer children the opportunity to engage in a meaningful amount of PA 
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(Erwin et al., 2011). Furthermore, stand-biased desk use has been associated with improved 

levels of SB (Aminian et al., 2015; Clemes et al., 2015; Contardo et al., 2016), increased energy 

expenditure (Benden et al., 2011; Benden et al., 2014), a decrease in age-matched BMI 

percentile (Wendel et al., 2016), improved posture (Benden et al., 2013), and improved cognitive 

function (Dornhecker et al., 2015; Mehta et al., 2015). These benefits may have an even greater 

impact on children with poorer initial health outcomes, such as in children with obesity, who 

experienced a greater increase in energy expenditure over those of normal weight (Benden et al., 

2014).  

The after-school period presents a time in contrast with the school day, as the structure of 

school based activities is replaced by a significantly less structured period of time. Although it 

has previously been reported that stepping time during the after-school period increased as a 

result of stand-biased desk implementation, these results failed to capture any intensity 

differences in PA performed, therefore failing to capture whether the proportion of PA 

accumulated during the after-school period was of a substantial intensity to be applicable 

towards the daily recommended levels. Although favorable outcomes have primarily been 

described following the implementation of stand-biased desks into the classroom, the quantity of 

published research remains limited, with selective outcomes. Therefore, it is necessary to further 

explore the impacts of stand-biased desks on students PA behaviors, with the after-school period 

presenting an unexplored area in which results could help better shape the understanding of 

children’s activity behaviors and where they might be impacted. 

 

 

 



   

66 
 

CHAPTER III: METHODS 

 

Statement of Purpose 

The purpose of this study was to assess the changes in after school time spent in 

sedentary behavior (SB), light- (LPA), and moderate- to vigorous- intensity physical activity 

(MVPA) for elementary school children in response to the introduction of stand-biased desks in 

the classroom. This section will focus on the methodology employed in the design and execution 

of this study, including a participant description, explanation of the instrumentation used, the 

protocol followed, and the statistical analysis performed. 

 

Participants 

 The study sample consisted of 40 children from 6th grade classrooms in a single United 

States elementary school located in Milwaukee, Wisconsin.  

Eligible classrooms were identified as 6th grade homerooms with a teacher willing to 

participate in the research study. Following classroom selection, students in participating 

classrooms were eligible to enroll in the research study as long as they were able to stand, and 

stand for an extended period of time (>30 minutes) without pain. No exclusion from participation 

occurred based on any other reported demographic or medical conditions.  

 Since there are a lack of studies which have exclusively analyzed PA behavior change 

during the after-school period as a result of an in-class intervention, a power analysis was 

conducted using a predicted sample size in an exploratory approach. A power analysis table 

(Table 1) was created using an expected enrollment of n=40, with 20 participants allocated to the 

intervention and control groups, respectively. Various effect sizes (ES; 0.1 – 0.8) and alpha-

levels of significance (0.05 – 0.20) were input to determine power values based on desired 
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outcomes of this intervention relative to effect sizes presented within the literature. In the current 

literature, intervention effects of stand-biased desks or other interventions providing a mild 

stimulus on physical activity outcomes outside or during the school day tend to be smaller 

(Aminian et al., 2015 – ES: 0.43; Contardo et al., 2016 – ES: 0.03; Jones et al., 2008 – ES: 0.08). 

As presented in Table 1, assuming an effect size of 0.8 on the change in PA behaviors with an 

alpha-level of significance of 0.1, a sample size of 40 participants will obtain approximately 80% 

power. Further reducing the alpha-level of significance (0.1 – 0.2) while maintaining an effect 

size of 0.8 will result in increased calculated power above 80%, while a smaller effect size will 

render the study under-powered.  
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Table 1. Exploratory Power Analysis 

 Effect Size 
A

lp
h

a
 (

α
) 

 0.1 0.25 0.45 0.6 0.65 0.8 

0.05 0.061 0.12 0.284 0.456 0.517 0.693 

0.1 0.116 0.2 0.404 0.587 0.646 0.799 

0.15 0.17 0.268 0.488 0.668 0.722 0.854 

0.2 0.222 0.328 0.554 0.725 0.774 0.889 

 n = 40 (20 participants per group) 

Note: A Power Analysis Table to predict the power of results for 40 participants based on effect size and 

alpha level.  
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Protection of Human Rights 

All procedures were reviewed and approved through the University of Wisconsin – 

Milwaukee Institutional Review Board and with Atwater Elementary School staff in order to 

ensure the protection of each study participant. The research study was described verbally and in 

writing to each study participant and his or her legal guardian, with any questions answered prior 

to the signing of a written informed consent by both the participant and legal guardian, as well as 

a written assent to participate in the study by the parent or legal guardian of enrolling students. In 

order to fully enroll in the study, researchers required the completion and collection of a student 

assent to participate in research (Appendix A), a parental consent for the student to participate in 

research (Appendix B), and a parental consent to participate in the research study (Appendix C) 

from all interested families.  

 

Design 

 This was a teacher allocated, within classroom controlled trial implemented among 

students in 6th grade, over the course of approximately 9-weeks in a single elementary school. 

Within each participating classroom, approximately half of all traditional desks were replaced 

with stand-biased desks prior to the start of the school year. Teachers in each participating 

classroom assigned all students, regardless of enrollment in the study, to either a stand-biased or 

traditional seated desk using a seating chart (Figure 1). As part of the larger study, after the 

midway point of the school year, all students in each participating classroom switched to the 

opposite style desk from which they had been previously assigned, for the remainder of the 

school year. Assessments were conducted in a pre-post format, with baseline data collection 

occurring while all participants remained at a seated desk, prior to adjusting stand-biased desks  
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Figure 1. Research Design Approach. Students in each classroom were assigned to either a traditional seated or stand-biased desk by 

their teacher. 
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to participants appropriate standing heights. Post-assessments (Time 2) were conducted at the 

end of the school semester, following 9-weeks of desk use. A within-classroom design was 

implemented for three main reasons, which effectively controlled for within-classroom 

variability. (1) In this elementary school students from the same classroom followed the same 

schedule, while other classrooms, even in the same grade, followed different schedules. (2) 

Individual teacher influence was controlled for by collecting data from students in both the 

intervention and control groups who were exposed to the same classroom teacher at the same 

time. (3) A within-classroom design was also a novel approach, having only been implemented 

once in the stand-biased desk interventions published thus far, providing the opportunity for 

findings to result from this approach which may differ from those found using a between-

classroom design.  

 

Independent Variable 

The type of desk used by the student during the course of the study (traditional seated or 

standing) served as the independent variable in this study. 

 

Dependent Variable 

After-school PA was the dependent variable in this study and objectively measured using 

a triaxial accelerometer (Actigraph GT3X+ or wGT3X-BT) worn on the right hip. Comparisons 

of after-school (school release to 11:59pm) PA intensity and duration as a proportion of the daily 

60-minute recommendation (ACSM, 2008) were made between students using a stand-biased or 

a traditional seated desk. 
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Instrumentation 

Parent/Guardian Demographic Questionnaire 

 The purpose of the Parent/Guardian Demographic Questionnaire (Appendix E) was to 

collect demographic information of the participants and their families. This questionnaire asked 

about the parent or legal guardian’s relationship to the student enrolled in the study, as well as 

the age, level of education, employment status, socio-economic status (SES), and marital status 

of the parent(s) or guardian(s).  

 

Child Health History & Demographic Questionnaire 

 The purpose of the Child Health History and Demographic Questionnaire (Appendix D) 

was to provide general health history information of the student. This questionnaire was 

completed by the parent or legal guardian and asked questions about children’s health history, 

including any past or present physical and psychological conditions and medications. The second 

section of this questionnaire consisted of child demographic questions, including gender, age, 

living arrangement, and race/ethnicity. 

 

Youth Activity Profile Questionnaire 

The purpose of the Youth Activity Profile Questionnaire (YAP) (Appendix F) was to 

assess children’s self-reported PA behaviors across an entire week. Participants were asked to 

report how often they performed certain PA behaviors across different periods of the day during 

the previous 7-day period. Children’s after-school sport participation during the school week at 

both Baseline and Time 2 measurement periods was recorded. The YAP has been shown to be a 
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valid and reliable measure of children’s PA behaviors through questions which prompt the recall 

of specific PA events (Saint-Maurice & Welk, 2015).  

 

Standing Height & Elbow Height  

A standard Gulick Tension Tape Measure (Creative Health Products Inc., Ann Arbor, 

MI) with a length of 152.4 cm was vertically aligned and taped to the wall in order to measure 

participants’ height and distance from the floor to the elbow when the arm is flexed at 90 

degrees. If any participant measured taller than the length of one tape measure, an additional tape 

measure was zeroed at the highest point of the first and acted as a continuation for height 

measurement. Participants were instructed to remove their shoes and stand up straight with their 

back to the wall and the heels together. With eyes looking straight ahead, one deep inhalation 

was taken and held until the body height measurement was recorded to the nearest 0.1cm at the 

highest point of the head with the hair compressed (ACSM, 2010).  

In order to appropriately set the height of students’ stand-biased desks (Benden et al., 

2013), each participant’s height from the bottom of the flexed elbow to the floor was also 

measured using the wall mounted tape measure. Participants were instructed to stand upright 

with the feet together next to the wall-mounted tape measure. Instructions were then provided for 

the participant to bend the arm proximal to the tape measure 90 degrees at the elbow with the 

shoulders relaxed, at which time the distance from the bottom of the elbow to the floor was 

recorded to the nearest centimeter. In order to account for the removal of shoes during the height 

measurement process, 5cm was added to each student’s recorded distance from the elbow to the 

floor when desk heights were adjusted.  
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Weight 

 In order to accurately measure participants’ body mass, a portable Tanita BC-554 

Ironman Body Composition Monitor was used to record body weight. Participants were 

instructed to remove shoes, clothing accessories, and any excess weight from their pockets. 

Instructions were then given for participants to step on the scale, stand straight with the feet 

together, and to hold as still as possible until an accurate measurement was obtained to the 

nearest 0.01kg (ACSM, 2010). 

 

Desk 

 AlphaBetter® Adjustable-Height Stand-Up Desks and Height-Adjustable Stools (SAFCO, 

New Hope, MN) replaced half of the traditional seated desks in each participating classroom. 

These stand-biased desks were manually adjusted to appropriately reach the height of each 

participants elbow when flexed at a 90 degree angle. For storage space, each desk came equipped 

with a book box and book shelf underneath the table surface. In addition to this, a ‘fidget bar’ 

was attached, which was intended for students to, “redirect excess energy and engage in 

continuous motion that may help support ergonomic comfort and cardiovascular health, while 

potentially increasing calorie burn, productivity and focus” (SAFCO, 2017). Height-adjustable 

stools were also set to a height where students were able to comfortably sit while at the desk. 

  

Accelerometer 

The Actigraph GT3X+ and wGT3X-BT accelerometers were used to assess time spent 

performing PA at various intensities during the after-school period. Accelerometers measure 

physical movement in the form of multi-directional (anteroposterior, mediolateral, and vertical) 
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acceleration, which is the change in speed of an object in relation to time. In this case, 

acceleration is measured in gravitational acceleration units (g), where 1g is equal to 9.8m/s2. 

Actigraph accelerometers use a solid state Micro-Electro-Mechanical Systems (MEMS) 

integrated chip which detects changes in speed over time as components of directional 

movement. Movement in a certain direction is reflected by sensors on each side of the chip, 

measured by the device as an output of acceleration. During initialization, accelerometers are set 

to sample acceleration at a predetermined frequency between 30-100 Hz per second. Frequency 

must be chosen based on the complexity of movements desired to be recorded, with a higher 

frequency yielding more complex data acquisition. In combination, the collection of acceleration 

at a set sampling frequency yields raw counts, which during analysis, can then be summated into 

a time period of anywhere from 1-60 seconds, defined as an epoch. Selecting a shorter epoch will 

result in more finite recordings of activity bouts, ideal for short bouts of activity or activities of 

differing intensities occurring in succession of one another. The magnitude of the counts 

recorded will determine the intensity (speed) of acceleration and be used to determine time spent 

at various levels of intensity of physical activity (Chen & Bassett, 2005).  

The wGT3X-BT accelerometer model is different from the GT3X+ in that the wGT3X-

BT has both wireless and Bluetooth capabilities, allowing for greater accessibility in the field 

and various extra functions outside of the scope of this study. Neither of these additional features 

were utilized, while all others were shared with the GT3X+ models. The acceleration sensor of 

the GT3X models records in a tri-axial measurement environment with a sensitivity rating within 

3mg/LSB and a Dynamic Range of 6g’s. Based on a sample rate of the maximum 100 Hz and 24 

hours of continuous data collection, battery life is expected to last 11.5 days, with a memory 

limit of 12.5 days. For the purpose of this study, the monitor was set to record data at 100 Hz, 
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which was then summed over a 15-second epoch in order to account for the often sporadic, 

intermittent movement patterns of children.  

The validity and reliability of the utilization of an ActiGraph accelerometer to record 

differing levels of physical activity by intensity has been supported by the work of Evenson et al. 

(2008), who developed PA intensity cut points in 5 to 8-year-old children. Accelerometer 

measured PA recorded in 15-second epochs was compared to simultaneous measures of oxygen 

consumption on a breath by breath basis as children performed 15 minutes of rest and 

approximately nine different activities at varying intensities for seven minutes each. Receiver 

Operating Characteristic (ROC) curves were then calculated to maximize sensitivity and 

specificity of accelerometer counts relative to children’s oxygen consumption. The area under 

the ROC curve was strongest for detecting sedentary behavior (0.98), followed by moderate 

intensity activities (0.85), and vigorous intensity activity (0.83). Therefore, the PA intensity cut 

points derived by Evenson et al. (2008) per 15-s epoch include, Sedentary (0-25 counts), Light 

(26-573 counts), Moderate (574-1002 counts), and Vigorous (≥1003 counts).   

 

Accelerometer Instruction & Wear Log 

A set of instructions for accelerometer wear attached to a five-day wear log (Appendix G) 

were distributed to each research participant along with their measurement device. Instructions 

directed students in the appropriate wear of the accelerometer as well as in the appropriate use of 

the wear log. This log was intended to provide additional insight into the daily wear time of the 

accelerometer, in order to supplement the computer based wear time analysis of recorded data. 

Participants were instructed to record the time that the accelerometer was put on each morning, 

as well as when it was removed each evening prior to sleeping. In addition, participants were 
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asked to record any times during the day in which they had to remove, or did not wear the 

device. All ‘dates’ were auto-filled prior to log distribution. This log was developed by the 

research team, therefore validity and reliability has not been established. 

 

Procedure 

Experimental Setting 

This study was part of a larger intervention lasting for one school year with the overall 

objective to examine the impact which stand-biased desks have on the physical and cognitive 

characteristics of students in a single elementary school. For the current study, we examined the 

impact of stand-biased desks on physical activity behaviors after normal school hours. All 

measurements and data collection of research participants occurred either at Atwater Elementary 

School (2100 E. Capitol Dr., Shorewood, WI 53211), or in the free-living environment. Atwater 

Elementary School is a K-6 school located in an upper-middle class neighborhood with a large 

playground and gymnasium. Classrooms average between 20-25 students per teacher with 

multiple classrooms per grade level. Sixth grade students rotate between three separate 

classrooms, which made it imperative to recruit all three teachers into this research study in order 

to provide students with optimal exposure to the intervention stimulus throughout the day. 

 

Participant Recruitment & Screening 

Identification of an appropriate school setting for this intervention began by meeting with 

the principal of the school to describe the aims of the study and secure their approval. Following 

approval by the principal, teachers in 6th grade classrooms were met with to describe the aims of 

the study in detail, and to secure the approval to modify each classroom environment to 
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accommodate stand-biased desks for approximately half of all students. Classrooms were only 

included in this study if teachers first consented to participate in the research project. Because in 

this particular school 6th grade students rotate between teacher classrooms, commitment from all 

6th grade instructors was necessary.  

All participation in this research study were voluntary and parents or students were 

allowed to withdraw from the study at any point during the intervention period. Participants were 

recruited following confirmation of enrollment at the school for the upcoming 2016/17 academic 

year. Forms for parental/guardian assent and child consent to participate in research was first 

distributed via e-mail using school provided contact lists. Additional hard copies were provided 

during a parent orientation meeting held by the elementary school teachers and staff at the start 

of the school year. This orientation was the first in-person contact between the research team, 

students, and their legal guardians. During the orientation, research team members provided an 

overview of the study including inclusion/exclusion criteria, a review of research documents, 

answered any questions potential participants may have had, and distributed informed consents 

which were either completed on site or returned to the research team at a later date. Following 

the consent of all parties, families were provided with a Child Health History and Demographic 

Questionnaire (Appendix D) as well as a Family Demographic Questionnaire (Appendix E) to 

finalize the enrollment process. A follow-up e-mail for any family who did not respond to the 

initial contact e-mail or participate in the parent orientation was sent to ensure thorough 

opportunities for the enrollment of participants. Following the return of all informed consent and 

health history documents, willing participants were finalized for enrollment into the study.  

 

 



   

79 
 

Intervention 

This was an intervention lasting approximately 9-weeks and implemented during the 

school day in all 6th grade classrooms. Because of the within-classroom design of this project, the 

control and treatment groups differed in the type of classroom desk and seat they were assigned, 

while still sharing a classroom. The control group sat at tables designed to seat approximately 4-

6 students using traditional chairs with a backrest. Meanwhile, the intervention group were 

provided with appropriately height-adjusted stand-biased desks with attached fidget bars, 

allowing participants to stand at their workstations, while also allowing for some additional 

movement of the legs while remaining stationary at a workstation. Students in the intervention 

group were also provided an appropriately adjusted stool to sit on if they did not want to stand, 

or were feeling fatigue or pain from standing. All other aspects of participant’s school day 

between groups was the same to limit influence on physical activity behaviors to only the desk 

type used by participants. Upon their introduction, researchers initially encouraged students 

assigned to stand-biased desks to stand during the day. Teachers were also asked to encourage 

students who were assigned to stand-biased desks to stand in the classroom throughout the 

intervention period. 

 

Order of Protocol 

Anthropometrics 

Baseline data collection was conducted while all participants remained in the seated 

position at their assigned desks in the classroom. Although students assigned to the intervention 

group had already received the stand-biased desks, these were adjusted to mimic a traditional 

seated desk until baseline data collection was complete. Anthropometric data was collected 
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during the first week of the school year and followed standard procedures (ACSM, 2010) to 

obtain measurements for height (cm), weight (kg), body mass index (kg/m2), and each 

participants distance (cm) from the elbow to the floor while standing. Body mass index (kg/m2) 

was calculated using participants recorded height (m) and weight (kg), and then converted to the 

appropriate gender and age-matched percentile for adolescents according to the 2000 Center for 

Disease Control (CDC) gender specific growth chart (Appendix H).  

 

Baseline Data Collection 

 Waist-worn accelerometers were used to assess participants’ physical activity levels 

during the after-school period. Participants were instructed to wear the device for one school 

week (of which four after-school periods from Monday – Thursday were measured) from the 

moment they got out of bed in the morning, until they went to sleep at night. Accelerometers 

were initialized at the Physical Activity Health and Research Laboratory at the University of 

Wisconsin – Milwaukee, and distributed to participants at the beginning of the school day on 

Monday morning of the data collection week. Accelerometers were worn on the right hip, on the 

midline of the thigh, using an elastic belt provided by the research team. Distribution visits lasted 

approximately 20 minutes per classroom, where two members from the research team distributed 

an accelerometer, instruction sheet, and wear log to each participant. After each participant 

received all materials, researchers introduced the accelerometer and demonstrated to students the 

appropriate way to wear the device on the waist. Each participant was then checked to make sure 

that their elastic belt was appropriately adjusted so that excess free movement away from the 

body was limited and the accelerometer was positioned accurately on the right hip. Following 

this, research team members guided participants through filling out the accelerometer wear log, 
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ensuring that each student documented accelerometer number, classroom, age, and understood 

the instructions to record the time at which the accelerometer was put on in the morning and 

removed at night. Additionally, students were asked to document in their wear log any time 

during the day in which they did not wear the accelerometer for any reason. Participants were 

encouraged to maintain their normal activity levels throughout the week and to thoroughly 

document wear time with the provided log. Researchers ended the distribution session by 

answering any questions students had regarding the instructions provided. In case any problems 

arose throughout the week, participants were provided with the contact information for the 

Physical Activity and Health Research Lab at the University of Wisconsin – Milwaukee.   

All accelerometers and activity logs were collected from each classroom at the end of the 

school day on the Friday of the same school week in which data collection began. Teachers were 

contacted through e-mail on Thursday morning and asked to remind students to return the 

accelerometer and wear log at the end of the day Friday. On Friday morning, a member of the 

research team dropped off collection boxes to each classroom with a reminder provided to 

teachers, instructing them to wait until the end of the school day to collect devices and logs in the 

boxes. Before students were released from school, a research team member entered the 

classroom and provided a final reminder and collection of the accelerometers and wear logs from 

the classroom. If a participant did not return the accelerometer and wear log on the final day of 

the school week, a reminder e-mail was sent to the participant’s teacher and legal guardian at the 

beginning of the following week, and participants were instructed to return the monitoring device 

to either the teacher or a drop-off box located in the main office of the elementary school.  

Following the completion of baseline data collection, all stand-biased desks and stools 

were individually adjusted to match each participant’s recorded floor-to-elbow height and 



   

82 
 

matched stool height. It was assumed that intervention participants utilized their primary desk 

assignment throughout the intervention period when opportunities to perform desk work were 

presented. Minimal contact between research members and participants occurred during the 

intervention period to avoid influencing results.  

 

Time 2 Data Collection 

The Time 2 measurement period occurred following approximately 9-weeks of exposure 

to the intervention stimulus. This period followed the same accelerometer methodology as 

previously described during baseline data collection, although anthropometric characteristics 

were not re-assessed.  

 

Data Analysis 

Data Reduction 

Accelerometer data was downloaded in 15-second epochs using Actilife v6.13.3 

(ActiGraph, LLC, Fort Walton Beach, FL). Wear-time was validated using the Choi algorithm 

and cross-referenced with self-reported participant wear logs for accuracy. Although participants 

were asked to wear the accelerometer for five consecutive days, they were still included in 

analysis if the device was worn for a minimum of 159 minutes (~2.7 hours) during one after-

school period, which was the average daily after-school wear time across both measurement 

periods for all participants. Filters were employed to specifically analyze the after-school period 

of accelerometer wear time (school release to 11:59 pm). On Monday, Tuesday, and Thursday, 

data was analyzed from 3:25pm – 11:59 pm, while on Wednesdays data was analyzed from 

2:15pm – 11:59 pm to account for students early release time from school on Wednesday. After-
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school physical activity levels were calculated using valid cut points developed by Evenson et al. 

(2008) to determine time spent performing SB, LPA, and MVPA after-school.  

 

Statistical Analysis 

 Statistical analysis was conducted using IBM SPSS Statistics 22 (SPSS Inc., Chicago, 

IL.). An Alpha level of 0.1 was used to determine statistical significance. Demographic 

categorical variables are summarized as frequencies and percentages, while continuous 

anthropometric variables are presented as Mean ± Standard Deviation (SD). To compare the 

intervention (INT) and control (CON) groups, each dependent variable (SB, LPA, and MVPA) 

was first assessed for normality of distribution. Because data was not normally distributed, a 

nonparametric Wilcoxon Rank Sum test for Two Independent Samples was used at the weekly 

and daily levels to detect significant differences in the change in the proportion of after-school 

wear time spent performing SB, LPA, and MVPA from baseline to Time 2 between the INT and 

CON groups. Additional analysis between the INT and CON groups while also controlling for 

participant gender using the same approach as previously described was also conducted. Finally, 

post-effect size was calculated for each reported variable, using Cohen’s d effect size index of: 

small (d=0.20), medium (d=0.50), and large (d=0.80) (Cohen, 1992), and a post-hoc power 

analysis was conducted for each dependent variable. 
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CHAPTER IV: RESULTS 

 

Statement of Purpose 

 The purpose of this study was to assess the changes in after-school time spent in 

sedentary behavior (SB), and performing light (LPA), and moderate to vigorous-intensity 

physical activity (MVPA) among elementary school children in response to the introduction of 

stand-biased desks in the classroom. 

 

Introduction 

This section focuses on the presentation of data collected for this study. Specifically, this 

chapter describes the demographic and anthropometric characteristics of participants (Mean ± 

SD), before presenting the main findings of this study, regarding the difference in participants 

after-school physical activity behaviors as a result of either traditional or stand-biased desk use 

during the school day. In order to answer the primary question of this study, weekly PA 

behaviors as well as daily trends in PA behaviors were explored to better assess more specific 

differences between groups relative to the length of the after-school period and school release 

time (M/T/Th: 3:25pm, W: 2:15pm). Primary results are presented within the text as Median 

(Range) values due to the non-normal distribution of the data, and non-parametric Wilcoxon 

Rank Sum tests were employed to detect whether significant differences between groups exist. 

Calculated mean and standard deviation values have also been provided within all relevant 

results tables for additional reference. Furthermore, although significance was determined based 

on the percentage of after-school wear time in which participants engaged in varying intensities 

of physical activity behaviors, results tables reporting minutes of after-school wear time spent 
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sedentary and at various intensities of PA have also been provided as appendices (Appendix I-

O). 

 

Participants 

 Across the Stand-Biased (INT) and Traditional (CON) desk groups, 40 participants and 

their families completed the initial enrollment process (INT: n = 24; CON: n = 16). Of the 40 

participants enrolled in the study, 38 provided valid accelerometer data at Baseline (INT: n = 22; 

CON: n = 16), and 32 provided valid data at Time 2 (INT: n = 16; CON: n = 16). In total, 31 

participants (77.5%) completed the study by providing valid accelerometer data during both 

measurement periods (INT: n = 15; CON: n = 16) (Figure 2).   

 Participants’ anthropometric measurements at baseline can be found in Table 2. All 

participants were enrolled in the 6th grade, with a mean age of 11.7 ± 0.4 years, with no 

significant differences in age detected between groups (p=0.899). Participants also recorded a 

mean height of 151.9 ± 7.7 centimeters (cm), again with no significant differences in height 

found between groups (p=0.594). Additionally, no significant differences were found between 

groups in body mass (p=0.134), with all participants recording a mean weight of of 43.4 ± 8.8 

kilograms (kg) (p=0.134). In regards to body mass index (BMI) and age-matched BMI 

percentile, significant differences were detected between the INT and CON groups, with a mean 

BMI of 18.8 ± 3.5 kg/m2 across all participants (INT: 17.6 ± 3.1 kg/m2; CON: 20.4 ± 3.5 kg/m2, 

p=0.027), and a mean age-matched BMI percentile of 52.5 ± 34% (INT: 40.2 ± 32.3%; CON: 

69.7 ± 29.1%, p=0.015). Additional descriptive characteristics can be found in Tables 3-8. 

Overall, participants were 65% male (INT: 62.5%; CON: 68.8%) (Table 3), enrolled from three  
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Figure 2. Participant Attrition at Baseline and Time 2
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Table 2. Participants Anthropometric Measurements at Baseline 

    Control (n=16) Intervention (n=24)   Total (n=40) 

Measures Mean SD Median Range Mean SD Median Range P Mean SD Median Range 

Anthropometrics              

 Age (yrs.) 11.7 0.4 11.6 11.1 - 12.3 11.7 0.3 11.6 11.2 - 12.3 0.899 11.7 0.4 11.6 11.1 - 12.3 

 Height (cm) 151.1 6.3 151.5 139.2 – 163.0 152.5 8.7 151.5 138.0 - 180.5 0.594 151.9 7.7 151.5 138.0 - 180.5 

 Weight (kg) 46.7 9.6 44.3 27.5 - 64.4 41.0 7.5 40.8 29.3 - 56.9 0.134 43.4 8.8 43.0 27.5 - 64.4 

 BMI (kg/m2)* 20.4 3.5 19.6 14.0 – 26.0 17.6 3.1 16.6 14.0 – 25.0 0.027 18.8 3.5 17.9 14.0 – 26.0 

 BMI Percentile (%)* 69.7 29.1 74.2 0.8 - 97.3 40.2 32.3 25.1 0.8 - 95.4 0.015 52.5 34.0 58.9 0.8 - 97.3 

                              

Note: BMI – Body Mass Index.  

p-value is obtained from Wilcoxon Rank Sum Test.       
* Denotes significance at p<0.1            
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Table 3. Participants Gender 

    Control   Intervention       

Gender Frequency Percent   Frequency Percent   Total Percent 

 Male 11 68.8  15 62.5  26 65 

 Female 5 31.2  9 37.5  14 35 

 Total 16 100  24 100  40 100 
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separate 6th grade classrooms. Across all three classrooms, school enrollment of students 

including those not participating in the study equaled 24 students per class. For this study, 

researchers enrolled 16 students in classroom one (INT: n=11; CON: n=5, 66.7% of total 

classroom enrollment), 8 students in classroom two (INT: n = 4; CON: n = 4, 33.3% of total 

classroom enrollment), and 16 students in classroom three (INT: n = 7; CON: n = 9, 66.7% of 

total classroom enrollment) (Table 4). This study sample was also predominantly white (70%) 

(Table 5), and 60% of the total sample was categorized as being within the Healthy Weight range 

for BMI age- and gender-matched percentiles (Table 6). Although there was a significant 

difference detected between the INT and CON groups in BMI and age-matched BMI percentile, 

there was no significant difference between groups in the number of participants per BMI 

category (p=0.349).     

  Baseline measurements occurred in late September, where the average after-school 

temperature was 60 degrees Fahrenheit with 67.3% humidity and 13.5 mph winds (Table 7). 

During this time, 31 participants (77.5%) reported participating in organized sport during the 

after-school period on at least one day of the week (INT: 79.2%; CON: 75%), while 7 

participants (17.5%) reported not participating in sport after-school (INT: 16.7%; CON: 18.8%), 

and two (5%) did not provide a response (INT: 4.1%; CON: 6.2%) (Table 8). Time 2 occurred in 

early December, where the average after-school temperature was 11.4 degrees Fahrenheit with 

56.1% humidity and 11.4 mph winds. Sport participation was once again measured among all 

participants, with 31 (77.5%) again responding ‘Yes’ to sport participation during the after-

school period during this time (INT: 66.7%; CON: 93.8%), while 9 participants responded ‘No’ 

(INT: 33.3%; CON: 6.2%). Furthermore, 62.5% of all participants reported participating in after-

school sport at both Baseline and Time 2 (INT: 58.3%; CON: 73.3%), while 7.5% of participants  
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Table 4. Participant Enrollment by Classroom at Baseline 

    Control   Intervention       

Classroom Frequency Percent   Frequency Percent   Total Percent 

 1 5 31.2  11 45.8  16 40 

 2 4 25  4 16.7  8 20 

 3 7 43.8  9 37.5  16 40 

 Total 16 100  24 100  40 100 
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Table 5. Ethnicity of Enrolled Participants at Baseline 

    Control   Intervention       

Ethnicity Frequency Percent   Frequency Percent   Total Percent 

 Hispanic/Latino 2 12.5  2 8.3  4 10 

 Asian 2 12.5  3 12.5  5 12.5 

 Black  1 6.25  1 4.2  2 5 

 White 10 62.5  18 75  28 70 

 Missing 1 6.25  0 0  1 2.5 

 Total 16 100  24 100  40 100 
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Table 6. Participants Body Mass Index Category based on Age- and Gender-Matched  

Percentile at Baseline 

    Control   Intervention       

BMI Category Frequency Percent   Frequency Percent   Total Percent 

 Underweight 1 6.2  2 8.3  3 7.5 

 Healthy Weight 8 50  16 66.7  24 60 

 Overweight 3 18.8  2 8.3  5 12.5 

 Obese 3 18.8  1 4.2  4 10 

 Missing 1 6.2  3 12.5  4 10 

 Total 16 100  24 100  40 100 
Note: BMI – Body Mass Index; Age- and Gender-Matched BMI Percentile Categories, <5% Underweight; ≥5% - 

<85% Healthy Weight; ≥85% - <95% Overweight; ≥95% Obese. 
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Table 7. Average After-School Weather Conditions 

Weather Baseline   Time 2   Difference 

 Temperature (ᵒF) 60.0  11.4  -48.6 

 Humidity (%) 67.3  56.1  -11.2 

 Wind Speed (mph) 13.5  11.4  -2.0 

 Precipitation (in.) 0.0  0.0  0.0 

 Sunset (PM) 5:39  4:18  81 min. 
Note: mph – miles per hour; in – inches; min - minutes 
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Table 8. Participants Self-Reported After-School Sport Participation 

    Control   Intervention       

Sport Participation Frequency Percent   Frequency Percent   Total Percent 

Baseline         

 Yes 12 75  19 79.2  31 77.5 

 No 3 18.8  4 16.7  7 17.5 

 No Response 1 6.2  1 4.1  2 5 

Time 2         

 Yes 15 93.8  16 66.7  31 77.5 

 No 1 6.2  8 33.3  9 22.5 

 No Response 0 0  0 0  0 0 

Total 16 100  24 100  40 100 
Note: Values based on participant’s response to Q6 of the YAP (Appendix F) at Baseline and Time 2. The number 

of days in which student’s reported participating in organized after-school activity is summarized and reported as a 

response of “Yes”, while no reported after-school sport participation was recorded as “No”. 
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reported participating in no after-school sport at either measurement point (INT: 12.5%; CON: 

0%) (Table 9). During both time periods, no precipitation was recorded, and the sun set an 

average of 80 minutes earlier during Time 2 (4:18 PM), compared to Baseline (5:38 PM). 

 At baseline participants wore the accelerometer measuring devices for 342.8 [195-532.5] 

(median [range]) minutes/after-school period (INT: 341.5 [239-532.5] minutes/after-school 

period; CON: 347.5 [195-437.5] minutes/after-school period, p=0.872). Median wear time for 

Time 2 across all participants was 363.8 [267-532.5] minutes/after-school period (INT: 371 

[283-532.5] minutes/after-school period; CON: 360.6 [267-428] minutes/after-school period, 

p=0.491). In total, participants accumulated 215.0 [62.5-393.9] minutes/after-school period of 

sedentary behavior (SB), 96.6 [62.4-129.1] minutes/after-school period of light physical activity 

(LPA) and 23.4 [6.8-63.8] minutes/after-school period of moderate to vigorous physical activity 

(MVPA) at baseline. At Time 2, participants recorded 238.3 [131.5-413.5] minutes/after-school 

period of SB, 95.3 [51.5-135.9] minutes/after-school period of LPA, and 19.6 [6.4-58.8] 

minutes/after-school period of MVPA (Table 10, Figures 3 and 4).  

 In total, 40 participants completed enrollment into the study at baseline, and 31 (INT: n = 

15; CON: n = 16) provided valid data at both measurement periods. All participants were healthy 

and the only significant differences (p<0.1) between recorded anthropometric and demographic 

characteristics of participants in the INT and CON groups involved a higher BMI and age-

matched BMI percentile among participants in the CON group. 

 

Sedentary Behavior 

Non-Parametric Wilcoxon Rank Sum Tests were conducted to detect if significant 

(p<0.1) differences existed between the INT and CON groups in the percentage of after-school  
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Table 9. Cross Tabulation of Participants Self-Reported After-School Sport Participation 

at Baseline and Time 2 

Note: Values based on participant’s response to Q5 of the YAP (Appendix F) at Baseline and Time 2. The number 

of days in which student’s reported participating in organized after-school activity is summarized and reported as a 

response of “Yes”, while no reported after-school sport participation was recorded as “No”. 

 

 

 

 

 

 

 

No Yes

No 3 1 4

Yes 5 14 19

No 

Response
0 1 1

8 16 24

No 0 3 3

Yes 1 11 12

No 

Response
0 1 1

1 15 16

No 3 4 7

Yes 6 25 31

No 

Response
0 2 2

9 31 40

Control Baseline

Total

Total Baseline

Total

Sport Participation

Time 2

Total

Intervention Baseline

Total
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Table 10. Proportion of After-School Wear Time Spent Sedentary and at Different Intensities of Physical Activity 

Note: P-Value is obtained from Wilcoxon Rank Sum Test 

P-value and Effect Size represent difference between Intervention and Control group. 

* denotes significance at p<0.1, results significantly different between Intervention and Control group. 

Measures Mean SD Median Range Mean SD Median Range

Effect 

Size P Mean SD Median Range

Baseline (n=38)

Sedentary Behavior (%)* 60.1 10.1 64.6 32.1 - 69.4 65.0 6.5 66.9 51 - 74.2 0.078 62.9 8.5 66.1 32.1 - 74.2

Light Physical Activity (%) 30.9 6.3 29.0 22.4 - 45.5 27.5 4.6 27.4 17.6 - 34.4 0.212 29.0 5.5 28.6 17.6 - 45.5

Moderate Physical Activity (%) 5.0 2.3 4.9 1.7 - 9.8 4.6 1.9 3.9 1.9 - 9.2 0.529 4.7 2.1 4.3 1.7 - 9.8

Vigorous Physical Activity (%) 4.1 3.2 3.7 0.3 - 12.7 2.9 2.4 1.7 0.5 - 8.8 0.271 3.4 2.8 3.0 0.3 - 12.7

Moderate to Vigorous Physical Activity (%) 9.0 5.0 8.9 2.1 - 22.4 7.5 4.0 7.0 2.5 - 17.9 0.258 8.1 4.4 7.6 2.1 - 22.4

Average Wear Time per Day (min.) 332.9 69.8 347.5 195.0 - 437.5 348.5 71.0 341.5 239.0 - 532.5 0.872 341.9 70.0 342.8 195.0 - 532.5

Valid Wear Days 3.6 0.9 4.0 1 - 4 3.1 1.1 3.5 1 - 4 0.122 3.3 1.0 4.0 1 - 4

Time 2 (n=32)

Sedentary Behavior (%)* 64.4 8.4 63.5 49.4 - 76.8 70.2 6.3 71.2 57.8 - 81.0 0.056 67.3 7.9 68.6 49.4 - 81.0

Light Physical Activity (%)* 28.5 5.6 29.2 16.9 - 35.8 24.5 5.2 23.4 14.8 - 35.6 0.051 26.5 5.7 25.6 14.8 - 35.8

Moderate Physical Activity (%) 4.5 2.6 3.8 1.5 - 10.9 3.6 1.5 3.3 1.6 - 6.1 0.491 4.1 2.1 3.4 1.5 - 10.9

Vigorous Physical Activity (%) 2.5 2.5 1.5 0.3 - 9.6 1.7 1.7 1.1 0.2 - 7.4 0.515 2.1 2.2 1.4 0.2 - 9.6

Moderate to Vigorous Physical Activity (%) 7.0 4.8 5.6 1.8 - 17.7 5.3 2.7 4.5 1.8 - 11.8 0.402 6.2 3.9 5.0 1.8 - 17.7

Average Wear Time per Day (min.) 351.8 42.5 360.6 267.0 - 428.0 380.2 83.1 371.0 283.0 - 532.5 0.491 366.0 66.5 363.8 267.0 - 532.5

Valid Wear Days 2.9 1.1 3.0 1 - 4 3.1 1.0 3.5 1 - 4 0.642 3.0 1.0 3.0 1 - 4

Baseline - Time 2 Difference (n=31)

Sedentary Behavior (%) 4.4 8.1 6.3 -13.4 - 17.3 5.9 6.2 5.1 -4.2 - 17.6 0.207 0.770 5.1 7.1 5.1 -13.4 - 17.6

Light Physical Activity (%) -2.4 6.2 -4.8 -9.7 - 8.5 -2.9 4.3 -2.6 -10.9 - 6.0 0.093 0.740 -2.6 5.3 -2.7 -10.9 - 8.5

Moderate Physical Activity (%)* -0.4 2.3 -0.2 -6.2 - 3.0 -1.3 1.7 -1.4 -4.0 - 2.1 0.443 0.093 -0.9 2.0 -1.0 -6.2 - 3.0

Vigorous Physical Activity (%) -1.6 2.9 -0.3 -8.8 - 2.4 -1.6 2.5 -0.8 -5.6 - 3.3 0.000 0.599 -1.6 2.7 -0.7 -8.8 - 3.3

Moderate to Vigorous Physical Activity (%) -2.0 4.0 -2.3 -8.2 - 5.0 -3.0 3.7 -1.8 -8.6 - 3.9 0.259 0.470 -2.5 3.8 -1.8 -8.6 - 5.0

Average Wear Time per Day (min.) 18.9 62.0 7.5 -96.5 - 156.8 25.5 39.7 39.8 -43.8 - 82.0 0.126 0.520 22.1 51.7 27.0 -96.5 - 156.8

Valid Wear Days -0.7 1.5 -0.5 -3 - 2 -0.1 1.5 0.0 -2 - 5 0.400 0.423 -0.4 1.5 0.0 -3 - 3

Control (n = 16) Intervention (n = 15) Total
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Figure 3. Proportion of After-School Wear Time Spent Sedentary and at Different 

 Physical Activity Intensities at Baseline 
 Note: SB – Sedentary Behavior; LPA – Light Physical Activity; MVPA – Moderate-to-Vigorous Physical 

 Activity  

 * denotes significance at p<0.1, results significantly different between Intervention and Control group. 
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Figure 4. Proportion of After-School Wear Time Spent Sedentary and at Different 

 Physical Activity Intensities at Time 2 
 Note: SB – Sedentary Behavior; LPA – Light Physical Activity; MVPA – Moderate-to-Vigorous Physical 

 Activity  

 * denotes significance at p<0.1, results significantly different between Intervention and Control group. 
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accelerometer wear time spent performing SB. Medians, ranges, effect size (d), and p-values of 

physical activity (PA) data are presented in Table 10. There was no significant difference 

between groups relating to changes in SB between baseline and Time 2 (INT: 5.1% [-4.2-

17.6%]; CON: 6.3% [-13.4-17.3%], p=0.77, d=0.207), and the calculated effect size was small. 

At baseline, INT participants spent 213.3 [125-393.9] minutes/after-school period, or 66.9% [51-

74.2%] of after-school wear time in SB, while participants in the CON group performed 222.4 

[62.5-291.3] minutes/after-school period or 64.6% [32.1-69.4%] of after-school wear time in SB. 

At Time 2, INT participants increased time in SB during the after-school period by nearly 41 

minutes to 263.6 [165.8-413.5] minutes/after-school period, or 71.2% [57.8-81%] of after-school 

wear time, while the CON group experienced a smaller increase of approximately 16 minutes to 

237.2 [131.5-307] minutes/after-school period of SB, or 63.5% [49.4-76.8%] of after-school 

wear time. Although there was no significant difference between the changes in SB experienced 

by each group, the percentage of after-school time spent in SB was found to be significantly 

different at both baseline (INT: 66.9% [51-74.2%]; CON: 64.6% [32.1-69.4%], p=0.078) and 

Time 2 (INT: 71.2% [57.8-81%]; CON: 63.5% [49.4-76.8%], p=0.056) (Figure 5). With a 

participant pool of n=31 (INT: n=15; CON: n=16) and effect size of 0.207, a post-hoc power 

analysis revealed an achieved power for the impact of stand-biased desks on after-school SB of 

0.15, which was very low. 

 Sedentary behaviors were also compared at the daily level to detect if significant 

differences between INT and CON groups existed in the percentage of after-school wear time 

spent performing SB. Daily sedentary behaviors medians, ranges, effect size, and p-values can be 

found in Tables 11-14. There was a significant difference between the increases in SB 

experienced by the INT and CON groups from Baseline to Time 2 on Tuesday (INT: 5.5% [-15- 
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Figure 5. Change from Baseline to Time 2 - Individual Comparisons in the Proportion of After-School Wear Time Spent 

Sedentary between Intervention (A) and Control (B) Participants 
Note: Measurement Period 1 – Baseline; 2 – Time 2; (A) Intervention Group; (B) Control Group. 
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Table 11. Proportion of After-School Wear Time Spent Sedentary and at Different Intensities of Physical Activity on Monday 

 
Note: P-Value is obtained from Wilcoxon Rank Sum Test 
P-value and Effect Size represent difference between Intervention and Control group. 
* denotes significance at p<0.1, results significantly different between Intervention and Control group. 
 

 

 

Measures Mean SD Median Range Mean SD Median Range

Effect 

Size P Mean SD Median Range

Baseline (n = 32)

Sedentary Behavior (%) 61.1 11.8 63.6 34.0 - 76.0 63.6 8.8 64.6 48.3 - 80.9 0.737 62.4 10.2 63.9 34.0 - 80.9

Light Physical Activity (%) 30.6 9.7 26.8 17.4 - 51.7 28.0 6.8 28.1 15.7 - 38.9 0.602 29.2 8.3 27.4 15.7 - 51.7

Moderate Physical Activity (%) 4.7 2.6 4.6 0.8 - 10.2 5.2 2.3 5.0 2.3 - 9.8 0.682 5.0 2.4 4.8 0.8 - 10.2

Vigorous Physical Activity (%) 3.6 2.4 3.8 0.3 - 7.4 3.1 2.0 3.0 0.2 - 5.7 0.576 3.3 2.2 3.6 0.2 - 7.4

Moderate to Vigorous Physical Activity (%) 8.3 4.3 9.1 1.0 - 14.3 8.3 3.8 8.8 3.1 - 15.3 0.970 8.3 4.0 8.9 1.0 - 15.3

Average Wear Time (min.) 334.2 83.5 351.0 188.0 - 501.0 343.8 88.6 348 203.0 - 515.0 0.820 339.3 85.0 349.5 188.0 - 515.0

Time 2 (n = 29)

Sedentary Behavior (%) 64.8 9.4 64.3 46.6 - 78.2 70.5 9.1 75.6 51.3 - 79.8 0.123 67.6 9.6 67.9 46.6 - 79.8

Light Physical Activity (%)* 29.0 6.8 30.1 16.9 - 38.8 23.3 6.1 22.6 14.9 - 38.0 0.026 26.2 7.0 26.8 14.9 - 38.8

Moderate Physical Activity (%) 4.3 2.9 2.7 1.6 - 10.9 4.2 2.9 3.8 0.4 - 9.9 0.780 4.2 2.9 3.4 0.4 - 10.9

Vigorous Physical Activity (%) 1.9 2.1 1.2 0.4 - 8.6 2.0 2.7 0.9 0.1 - 8.5 0.425 2.0 2.4 1.1 0.1 - 8.6

Moderate to Vigorous Physical Activity (%) 6.2 4.6 4.3 2.1 - 15.9 6.2 4.9 4.6 0.8 - 16.7 0.683 6.2 4.7 4.3 0.8 - 16.7

Average Wear Time (min.) 327.5 62.3 354.0 193.0 - 393.0 357.9 108.2 353.0 185.0 - 515.0 0.591 342.2 87.3 353.0 185.0 - 515.0

Baseline - Time 2 Difference (n = 24)

Sedentary Behavior (%) 5.2 12.1 3.9 -13.2 - 30.8 10.1 9.3 8.0 -5.1 - 28.4 0.444 0.285 7.3 11.1 7.3 -13.2 - 30.8

Light Physical Activity (%) -2.6 8.6 -1.9 -18.7 - 10.8 -5.6 6.6 -6.1 -18.9 - 6.1 0.382 0.403 -3.9 7.8 -3.8 -18.9 - 10.8

Moderate Physical Activity (%) -0.8 3.5 -0.5 -8.2 - 6.5 -1.9 3.5 -1.9 -8.1 - 3.9 0.314 0.472 -1.3 3.5 -0.9 -8.2 - 6.5

Vigorous Physical Activity (%) -1.8 2.9 -0.7 -7.0 - 2.8 -2.6 3.0 -3.8 -5.0 - 3.4 0.272 0.585 -2.1 2.9 -2.9 -7.0 - 3.4

Moderate to Vigorous Physical Activity (%) -2.6 5.3 -2.5 -12.1 - 6.5 -4.5 5.0 -5.2 -10.9 - 4.1 0.367 0.437 -3.4 5.1 -4.6 -12.1 - 6.5

Average Wear Time (min.) -9.8 75.3 0.0 -160.0 - 157.0 19.6 56.0 -4.5 -49.0 - 133.0 0.432 0.585 2.5 68.2 -2.5 -160.0 - 157.0

Monday

TotalControl (n = 14) Intervention (n = 10)
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Table 12. Proportion of After-School Wear Time Spent Sedentary and at Different Intensities of Physical Activity on Tuesday 

  
Note: P-Value is obtained from Wilcoxon Rank Sum Test 
P-value and Effect Size represent difference between Intervention and Control group. 
* denotes significance at p<0.1, results significantly different between Intervention and Control group.

Measures Mean SD Median Range Mean SD Median Range

Effect 

Size P Mean SD Median Range

Baseline (n = 31)

Sedentary Behavior (%) 66.8 12.7 71.3 42.1 - 81.6 67.3 8.5 70.2 53.3 - 79.5 0.921 67.1 10.2 70.9 42.1 - 81.6

Light Physical Activity (%) 26.2 9.2 23.4 15.8 - 46.8 27.0 6.8 24.4 18.7 - 41.2 0.594 26.7 7.8 24.1 15.8 - 46.8

Moderate Physical Activity (%) 3.6 2.0 3.1 1.4 - 8.0 3.6 2.2 2.9 1.3 - 10.2 0.767 3.6 2.1 3.1 1.3 - 10.2

Vigorous Physical Activity (%) 3.4 2.9 3.1 0.1 - 11.0 2.2 2.4 0.9 0.4 - 8.7 0.135 2.7 2.6 1.7 0.1 - 11.0

Moderate to Vigorous Physical Activity (%) 7.0 4.1 6.2 1.5 - 15.8 5.7 3.7 4.8 1.9 - 15.4 0.332 6.3 3.9 5.3 1.5 - 15.8

Average Wear Time (min.) 346.2 59.6 359.0 193.0 - 417.0 358.6 75.3 362.5 206.0 - 515.0 0.798 353.4 68.3 359.0 193.0 - 515.0

Time 2 (n = 25)

Sedentary Behavior (%)* 57.1 10.7 55.9 43.7 - 80.9 72.0 5.9 73.4 61.4 - 82.0 0.001 64.3 11.5 64.9 43.7 - 82.0

Light Physical Activity (%)* 32.8 6.7 32.2 16.7 - 46.0 23.0 4.5 22.5 14.7 - 30.6 0.000 28.1 7.5 28.9 14.7 - 46.0

Moderate Physical Activity (%)* 6.0 3.2 6.4 1.7 - 10.1 3.5 1.6 3.1 1.7 - 6.3 0.077 4.8 2.8 3.9 1.7 - 10.1

Vigorous Physical Activity (%) 4.1 4.8 1.7 0.5 - 13.7 1.4 0.6 1.3 0.5 - 2.7 0.437 2.8 3.7 1.5 0.5 - 13.7

Moderate to Vigorous Physical Activity (%) 10.1 7.5 7.1 2.2 - 23.7 4.9 2.0 4.3 2.9 - 8.7 0.123 7.6 6.1 5.1 2.2 - 23.7

Average Wear Time (min.) 336.4 46.1 335.0 222.0 - 425.0 385.6 89.3 370.5 276.0 - 515.0 0.225 360.0 73.1 342.0 222.0 - 515.0

Baseline - Time 2 Difference (n = 19)

Sedentary Behavior (%)* -8.8 13.2 -2.0 -33.1 - 2.8 4.4 10.8 5.5 -15 - 21.5 1.088 0.053 -2.5 13.6 0.4 -33.1 - 21.5

Light Physical Activity (%) 5.2 13.5 5.4 -14.1 - 30.2 -2.2 6.1 -4.2 -9.4 - 8.8 0.693 0.243 1.7 11.1 0.4 -13.1 - 30.2

Moderate Physical Activity (%)* 2.3 2.6 2.1 -1.7 - 6.4 -0.6 2.7 -0.3 -4.8 - 4 1.095 0.035 0.9 2.9 0.5 -4.8 - 6.4

Vigorous Physical Activity (%) 1.3 4.3 0.6 -4.0 - 10.5 -1.6 3.3 0.1 -8.2 - 2.1 0.751 0.211 -0.1 4.0 0.2 -8.2 - 10.5

Moderate to Vigorous Physical Activity (%)* 3.6 5.9 3.7 -5.7 - 12.6 -2.2 5.5 -0.6 -12.1 - 6.1 1.015 0.043 0.9 6.3 0.6 -12.1 - 12.6

Average Wear Time (min.) 12.4 61.3 -6.5 -64.0 - 122.0 29.8 50.7 38.0 -66.0 - 101.0 0.308 0.447 20.6 55.7 7.0 -66.0 - 122.0

Tuesday

TotalControl (n = 10) Intervention (n = 9)
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Table 13. Proportion of After-School Wear Time Spent Sedentary and at Different Intensities of Physical Activity on 

Wednesday 

 
Note: P-Value is obtained from Wilcoxon Rank Sum Test 
P-value and Effect Size represent difference between Intervention and Control group. 
* denotes significance at p<0.1, results significantly different between Intervention and Control group. 

Measures Mean SD Median Range Mean SD Median Range

Effect 

Size P Mean SD Median Range 

Baseline (n = 32)

Sedentary Behavior (%)* 56.6 11.9 56.0 32.1 - 71.6 65.3 9.9 65.0 47.2 - 80.2 0.067 60.9 11.6 63.1 32.1 - 80.2

Light Physical Activity (%)* 32.4 7.8 32.7 17.6 - 47.2 25.8 6.7 25.3 15.6 - 36.7 0.032 29.1 7.9 30.4 15.6 - 47.2

Moderate Physical Activity (%) 6.1 3.6 5.6 1.6 - 13.0 5.1 3.4 4.2 1.3 - 11.5 0.402 5.6 3.5 5.1 1.3 - 13.0

Vigorous Physical Activity (%) 4.9 4.5 3.4 0.1 - 13.0 3.8 3.7 2.1 0.2 - 11.4 0.590 4.4 4.1 3.2 0.1 - 13.0

Moderate to Vigorous Physical Activity (%) 11.0 7.7 7.8 1.9 - 26.0 8.9 6.5 5.6 1.8 - 18.0 0.402 9.9 7.1 6.9 1.8 - 26.0

Average Wear Time (min.) 353.6 105.7 361.5 184.0 - 495.0 373.0 108.6 394.5 213.0 - 585.0 0.780 363.3 106.0 385.5 184.0 - 585.0

Time 2 (n = 23)

Sedentary Behavior (%) 69.6 8.4 70.2 57.8 - 82.7 69.1 9.7 68.9 52.7 - 81.9 1.000 69.4 8.9 70.2 52.7 - 82.7

Light Physical Activity (%) 25.9 7.2 24.3 14.6 - 37.4 25.9 8.5 24.6 15.5 - 42.3 0.880 25.9 7.7 24.3 14.6 - 42.3

Moderate Physical Activity (%) 3.2 2.0 2.6 1.1 - 6.8 3.6 1.5 3.8 1.5 - 6.2 0.347 3.4 1.7 3.6 1.1 - 6.8

Vigorous Physical Activity (%) 1.3 1.5 0.5 0.2 - 4.7 1.3 1.0 1.2 0.2 - 3.7 0.449 1.3 1.2 1.0 0.2 - 4.7

Moderate to Vigorous Physical Activity (%) 4.4 3.3 2.8 1.4 - 10.1 4.9 2.1 5.2 1.9 - 7.9 0.487 4.7 2.7 4.4 1.4 - 10.1

Average Wear Time (min.) 425.1 45.4 430.0 323.0 - 488.0 422.9 90.8 387.0 341.0 - 585.0 0.379 424.0 71.1 425.0 323.0 - 585.0

Baseline - Time 2 Difference (n = 19)

Sedentary Behavior (%) 9.8 12.1 6.0 -10.2 - 32.1 5.7 8.4 5.3 -8.2 - 18.2 0.382 0.492 8.1 10.7 5.6 -10.2 - 32.1

Light Physical Activity (%) -6.3 9.6 -4.9 -22.9 - 7.3 0.0 4.6 -1.3 -4.7 - 8.6 0.794 0.109 -3.6 8.3 -3.2 -22.9 - 8.6

Moderate Physical Activity (%) -1.7 3.8 -0.8 -7.6 - 3.8 -2.9 3.8 -2.2 -8.7 - 3.0 0.316 0.492 -2.2 3.7 -0.8 -8.7 - 3.8

Vigorous Physical Activity (%) -1.8 3.3 -0.8 -9.2 - 2.2 -2.8 3.3 -1.3 -8.2 - 0.3 0.303 0.545 -2.3 3.2 -0.9 -9.2 - 2.2

Moderate to Vigorous Physical Activity (%) -3.6 6.6 -1.1 -16.7 - 4.5 -5.7 5.8 -5.3 -14.1 - 1.4 0.334 0.442 -4.5 6.2 -1.3 -16.7 - 4.5

Average Wear Time (min.) 62.3 79.5 73.0 -65.0 - 197.0 67.6 78.9 56.5 -31.0 - 186.0 0.067 0.778 64.5 77.1 73.0 -65.0 - 197.0

Wednesday

TotalControl (n = 11) Intervention (n = 8)
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Table 14. Proportion of After-School Wear Time Spent Sedentary and at Different Intensities of Physical Activity on 

Thursday 

  
Note: P-Value is obtained from Wilcoxon Rank Sum Test 
P-value and Effect Size represent difference between Intervention and Control group. 
* denotes significance at p<0.1, results significantly different between Intervention and Control group. 

Measures Mean SD Median Range Mean SD Median Range

Effect 

Size P Mean SD Median Range

Baseline (n = 31)

Sedentary Behavior (%) 64.7 7.4 66.4 50.2 - 77.0 68.1 9.0 66.1 51.0 - 82.0 0.377 66.6 8.3 66.1 50.2 - 82.0

Light Physical Activity (%) 29.0 6.3 28.4 20.9 - 45.2 26.2 7.4 27.5 13.9 - 38.7 0.544 27.5 7.0 28.1 13.9 - 45.2

Moderate Physical Activity (%) 3.9 3.0 2.7 1.7 - 12.6 3.6 1.9 3.2 0.7 - 9.1 0.518 3.7 2.4 2.9 0.7 - 12.6

Vigorous Physical Activity (%) 2.5 2.6 1.5 0.1 - 8.3 2.0 2.4 1.1 0.0 - 8.8 0.625 2.2 2.5 1.2 0.0 - 8.8

Moderate to Vigorous Physical Activity (%) 6.4 4.9 4.5 1.9 - 16.2 5.7 3.9 4.4 1.1 - 17.9 0.984 6.0 4.3 4.4 1.1 - 17.9

Average Wear Time (min.) 344.6 67.9 342.5 247.0 - 515.0 344.8 81.2 338.0 212.0 - 515.0 0.891 344.7 74.2 338.0 212.0 - 515.0

Time 2 (n = 20)

Sedentary Behavior (%)* 61.1 14.3 63.1 40.0 - 86.9 72.6 8.5 74.2 54.2 - 86.5 0.039 68.0 12.3 68.4 40.0 - 86.9

Light Physical Activity (%)* 30.3 8.4 30.5 12.5 - 42.2 23.2 7.7 22.7 11.1 - 38.5 0.039 26.1 8.6 24.7 11.1 - 42.2

Moderate Physical Activity (%) 4.8 4.3 3.4 0.4 - 12.3 2.7 1.7 2.0 1.2 - 6.0 0.473 3.6 3.1 2.1 0.4 - 12.3

Vigorous Physical Activity (%) 3.7 4.8 1.3 0.1 - 13.3 1.4 1.7 0.9 0.1 - 6.3 0.678 2.3 3.4 0.9 0.1 - 13.3

Moderate to Vigorous Physical Activity (%) 8.6 8.6 4.7 0.6 - 21.8 4.1 3.0 2.6 1.5 - 10.0 0.624 5.9 6.1 2.8 0.6 - 21.8

Average Wear Time (min.) 335.4 37.7 339.5 284.0 - 393.0 351.3 82.1 353.5 207.0 - 515.0 0.734 344.9 67.0 346.0 207.0 - 515.0

Baseline - Time 2 Difference (n = 15)

Sedentary Behavior (%)* -1.7 19.5 -7.7 -14.9 - 36.7 4.5 7.6 3.7 -7.1 - 17.1 0.460 0.066 2.0 13.4 1.3 -14.9 - 36.7

Light Physical Activity (%) -0.5 16.5 4.0 -32.7 - 15.4 -3.1 5.4 -2.2 -12.8 - 6.4 0.235 0.113 -2.1 10.8 -0.2 -32.7 - 15.4

Moderate Physical Activity (%) 1.0 2.6 0.7 -2.5 - 4.6 -0.7 1.7 -1.0 -3.1 - 2.5 0.812 0.224 -0.1 2.2 -0.6 -3.1 - 4.6

Vigorous Physical Activity (%) 1.2 2.7 0.1 -1.6 - 5.4 -0.7 2.5 -0.2 -6.1 - 2.9 0.737 0.456 0.1 2.7 -0.1 -6.1 - 5.4

Moderate to Vigorous Physical Activity (%) 2.2 5.2 0.8 -4.0 - 8.4 -1.4 3.6 -1.2 -9.2 - 2.5 0.840 0.328 0.0 4.5 -0.6 -9.2 - 8.4

Average Wear Time (min.) -5.5 59.8 -14.5 -77.0 - 79.0 3.0 62.9 0.0 -92.0 - 130.0 0.138 1.000 -0.4 59.6 0.0 -92.0 - 130.0

Thursday

TotalControl (n = 6) Intervention (n = 9)
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21.5%]; CON: -2% [-33.1-2.8%], p=0.053, d=1.088) and Thursday (INT: 3.7% [-7.1-17.2%]; 

CON: -7.7 [-14.9-36.7%], p=0.066, d=0.460). The calculated effect size on Tuesday was large, 

and small on Thursday. At baseline on Wednesday, INT participants spent a significantly greater 

proportion of after-school wear time in SB compared to the CON group (INT: 65% [47.2-

80.2%]; CON: 56% [32.1-71.6%], p=0.067). During Time 2 specifically, the proportion of after-

school wear time spent in SB was also significantly greater among INT participants on Tuesday 

(INT: 73.4% [61.4-82%]; CON: 55.9% [43.7-80.9%], p=0.001) and Thursday (INT: 74.2% 

[54.2-86.5%]; CON: 63.1% [40-86.9%], p=0.039). Daily trends in the proportion of the after-

school wear period spent in SB and at different intensities of PA between groups at Baseline and 

Time 2 can be seen in Figures 6-9.  

 Results suggest that there was a significant difference in SB performed at both baseline 

and Time 2 between participants assigned to either the INT or CON groups, with the former 

spending a greater amount of time in SB during the after-school period. Although there were 

significant differences at both time points in SB, the change in SB recorded by both groups was 

found to not be significantly different. At the daily level, participants in the CON group spent a 

significantly less proportion of after-school accelerometer wear time sedentary on Wednesday at 

Baseline, as well as on Tuesday and Thursday at Time 2 than the INT group.  

 

Light Physical Activity 

 There was no significant difference found in the change in light physical activity (LPA) 

between the INT and CON groups from Baseline to Time 2 (INT: -2.6% [-10.9-6%]; CON:         

-4.8% [-9.7-8.5%], p=0.740, d=0.093), and the calculated effect size was very small. At baseline, 

participants in the INT group spent 93.3 [62.4-129.1] minutes/after-school period, or 27.4% 
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Figure 6. Daily Proportions of After-School Wear Time Spent Sedentary and at Different Intensities of Physical Activity 

between the Intervention and Control Group at Baseline (A) and Time 2 (B) on Monday 
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Figure 7. Daily Proportions of After-School Wear Time Spent Sedentary and at Different Intensities of Physical Activity 

between the Intervention and Control Group at Baseline (A) and Time 2 (B) on Tuesday 
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Figure 8. Daily Proportions of After-School Wear Time Spent Sedentary and at Different Intensities of Physical Activity 

between the Intervention and Control Group at Baseline (A) and Time 2 (B) on Wednesday 
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Figure 9. Daily Proportions of After-School Wear Time Spent Sedentary and at Different Intensities of Physical Activity 

between the Intervention and Control Group at Baseline and Time 2 on Thursday 
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[17.6-34.4%] of after-school wear time in LPA, while participants in the CON group spent 100.6 

[70.7-123.6] minutes/after-school period, or 29% [22.4-45.5%] of after-school wear time in 

LPA, with no significant differences detected between groups. At Time 2, after-school LPA 

decreased by approximately one minute for INT participants to 92.2 [53.9-121.8] minutes/after-

school period, or 23.4% [14.8-35.6%] of after-school wear time. Meanwhile, the CON group 

experienced a median decrease of approximately 6 minutes, however as a result of the increased 

wear time experienced during Time 2, LPA was only reduced to 98.4 [51.5-135.9] minutes/after-

school period, or 29.2% [16.9-35.8%] of after-school wear time. During Time 2, significant 

differences were detected between the INT and CON groups in the proportion of after-school 

wear time spent in LPA (p=0.051), with the CON group spending a greater proportion of time in 

LPA than the INT group (Figure 10). With a participant pool of n=31 (INT: n=15; CON: n=16) 

and effect size of 0.093, a post-hoc power analysis revealed an achieved power for the impact of 

stand-biased desks on after-school LPA of 0.11, which was very low. 

 There was no significant difference found in the change in LPA between the INT and 

CON groups from baseline to Time 2 on any day of the school week. At Baseline, the CON 

group was found to spend a significantly greater proportion of after-school wear time in LPA on 

Wednesday (INT: 25.3% [15.6-36.7%]; CON: 32.7% [17.6-47.2%], p=0.030). Additionally at 

Time 2, the CON group was again found to spend a significantly greater proportion of after-

school wear time in LPA compared to the control group on Monday (INT: 22.6% [14.9-38%]; 

CON: 30.1% [16.9-38.8%], p=0.026), Tuesday (INT: 22.5% [14.7-30.6%]; CON: 32.2% [16.7-

46%], p=0.000), and Thursday (INT: 22.7% [11.1-38.5%]; CON: 30.5% [12.5-42.2%], p=0.039).   

 Results suggest that there was no significant difference experienced between groups in 

the change in percentage of after-school accelerometer wear time spent performing LPA. 
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Figure 10. Change from Baseline to Time 2 – Individual Comparisons in the Proportion of After-School Wear Time Spent 

Performing Light Physical Activity between Intervention (A) and Control (B) Participants 
Note: Measurement Period 1 – Baseline; 2 – Time 2; (A) Intervention Group; (B) Control Group. 
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However, participants in the CON group spent a significantly greater proportion of after-school 

time in LPA at Time 2 compared to INT participants. At the daily level, no significant 

differences between groups regarding the change in the proportion of after-school wear 

timespent in LPA from baseline to time 2 were found on any day of the week. There were 

however significant differences found between groups in the proportion of time spent performing 

LPA at baseline on Wednesday, and at Time 2 on Monday, Tuesday, and Thursday. In each 

instance, participants in the CON group spent a significantly greater proportion of time in LPA 

compared to INT participants.  

 

Moderate Physical Activity 

 There was a significant difference found between the INT and CON participants in the 

change in the proportion of after-school wear time spent performing moderate physical activity 

(MPA) from Baseline to Time 2, with the INT group showing a significantly greater reduction in 

the proportion of after-school wear time performing MPA than the CON group over the course 

of the intervention (INT: -1.4% [-4-2.1%]; CON: -0.2% [-6.2-3%], p=0.093, d=0.443), although 

the calculated effect size was small. At baseline, participants in the INT group spent 14.2 [5.3-

32.51] minutes/after-school period, or 3.9% [1.9-9.2%] of after-school wear time performing 

MPA. Meanwhile, CON participants accumulated 17.2 [6-29.3] minutes/after-school period, or 

4.9% [1.7-9.8%] of after-school wear time in MPA. At Time 2, participants in the INT group 

decreased MPA by approximately 4 minutes as a whole, accumulating 13.7 [7.1-23.3] 

minutes/after-school period, or 3.3% [1.6-6.1%] of after-school wear time in MPA compared to 

CON participants, who experienced a median decrease of approximately 0 minutes to 14.4 [5.3-

29.4] minutes/after-school period, or 3.8% [1.5-10.9%] of after-school wear time in MPA, again 
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as a result of increased after-school wear time in this group (Figure 11). With a participant pool 

of n=31 (INT: n=15; CON: n=16) and effect size of 0.443, a post-hoc power analysis revealed an 

achieved power for the impact of stand-biased desks on after-school levels of MPA to be 0.32, 

which was low.  

 On Tuesday, there was a significant difference between INT and CON groups in the 

change in the proportion of after-school wear time spent in MPA from baseline to time 2 (INT: -

0.3% [-4.8-4%]; CON: 2.1% [-1.7-6.4%], p=0.035, d=1.095), and the calculated effect size was 

large. The proportion of after-school wear time spent in MPA was also significantly higher in the 

CON group during Time 2 on Tuesday (INT: 3.1% [1.7-6.3%]; CON: 6.4% [1.7-10.1%], 

p=0.077).  

 These results suggest that there was a significant difference between the INT and CON 

participants in regards to the change in the proportion of after-school wear time spent in MPA 

from baseline to Time 2. The CON group also participated in significantly more MPA during 

after-school wear time on Tuesday at Time 2. In addition to this, there was also a significant 

difference between the INT and CON groups in the change in the proportion of after-school wear 

time spent in MPA on Tuesday. Between measurement periods, CON participants appeared more 

likely to maintain MPA levels during the after-school period compared to INT participants, who 

more frequently decreased MPA. 

 

Vigorous Physical Activity 

No significant differences exist between INT and CON groups regarding the change in 

the proportion of after-school wear time spent performing vigorous physical activity (VPA) from 

baseline to Time 2 (INT: -0.8% [-5.6-3.3%]; CON: -0.3% [-8.8-2.4%], p=0.599, d=0.000), and  
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Figure 11. Change from Baseline to Time 2 – Individual Comparisons in the Proportion of After-School Wear Time Spent 

Performing Moderate Physical Activity between Intervention (A) and Control (B) Participants 
Note: Measurement Period 1 – Baseline; 2 – Time 2; (A) Intervention Group; (B) Control Group. 
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the effect size was very small. At baseline, participants in the INT group accumulated 6.4 [1.5-

31.3] minutes/after-school period, or 1.7% [0.5-8.8%] of after-school wear time in VPA, 

compared to 13.1 [1.1-29.4] minutes/after-school period, or 3.7% [0.3-12.7%] of after-school 

wear time in VPA for the CON group. At Time 2, VPA decreased in both groups, with the INT 

group decreasing by approximately one minute and accumulating 5.0 [0.8-23.9] minutes/after- 

school period, or 1.1% [0.2-7.4%] of after-school wear time spent in VPA. This is compared to a 

median decrease of approximately 30 seconds in the CON group, who accumulated 6.3 [1.1-

31.8] minutes/after-school period, or 1.5% [0.3-9.6%] of after-school wear time in VPA. There 

were no significant differences between the INT and CON groups in VPA at baseline or time 2 

(Figure 12). With a participant pool of n=31 (INT: n=15; CON: n=16) and effect size of 0.000, a 

post-hoc power analysis revealed an achieved power for the impact of stand-biased desks on 

VPA of 0.10, which was very low.    

 There were also no significant differences detected between groups regarding change in 

proportion of after-school time spent performing VPA at the daily level. Additionally, VPA was 

not significantly different at baseline or Time 2 between the INT and CON groups on any day of 

the week.  

 Overall, there were no significant differences between groups in the change in the 

proportion of time spent performing VPA from baseline to Time 2. Furthermore, no significant 

differences existed between groups in the proportion of after-school wear time spent performing 

VPA on any day of the week or in the change experienced from baseline to time 2.



   

 

1
1
7
 

 

 

 

 

 
Figure 12. Change from Baseline to Time 2 – Individual Comparisons in the Proportion of After-School Wear Time Spent 

Performing Vigorous Physical Activity between Intervention (A) and Control (B) Participants 
Note: Measurement Period 1 – Baseline; 2 – Time 2; (A) Intervention Group; (B) Control Group.
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Moderate to Vigorous Physical Activity 

 No significant differences regarding the change in the proportion of after-school wear 

time spent in moderate to vigorous physical activity (MVPA) were found between the INT and 

CON groups (INT: -1.8% [-8.6-3.9%]; CON: -2.3% [-8.2-5%], p=0.470, d=0.259), and the 

calculated effect size was small. At baseline, INT participants recorded 21.5 [6.8-63.8] 

minutes/after-school period, or 7.0% [2.5-17.9%] of after-school wear time in MVPA. This is in 

comparison to the CON group, which accumulated 32.1 [8.1-50.3] minutes/after-school period, 

or 8.9% [2.1-22.4%] of after-school wear time of MVPA. Both the INT and CON groups 

experienced a decrease in MVPA from baseline to Time 2, with INT participants decreasing 

MVPA by a median value of approximately 6 minutes to 18.8 [8.1-38] minutes/after-school 

period, or 4.5% [1.8-11.8%] of after-school wear time, while the CON group decreased MVPA 

by a median value of approximately 3 minutes, accumulating 20.3 [6.4-58.8] minutes/after-

school period, or 5.6% [1.8-17.7%] of after-school wear time in MVPA (Figure 13). With a 

participant pool of n=31 (INT: n=15; CON: n=16) and effect size of 0.259, a post-hoc power 

analysis revealed an achieved power for the impact of stand-biased desks on MVPA of 0.18, 

which was very low. 

At the daily level, a significant difference regarding the change in the proportion of after-school 

wear time spent in MVPA from baseline to Time 2 was detected between the INT and CON 

participants on Tuesday (INT: -0.6% [-12.1-6.1%]; CON: 3.7% [-5.7-12.6%], p=0.043, 

d=1.015), and the calculated effect size was large. No other significant differences in MVPA 

were detected between the INT and CON groups at the daily level at either baseline or time 2.  

 Overall, there were no significant differences found between groups in the proportion of 

after-school wear time spent performing MVPA. On a daily basis, a significant difference in the
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Figure 13. Change from Baseline to Time 2 – Individual Comparisons in the Proportion of After-School Wear Time Spent 

Performing Moderate to Vigorous Physical Activity between Intervention (A) and Control (B) Participants 
Note: Measurement Period 1 – Baseline; 2 – Time 2; (A) Intervention Group; (B) Control Group. 
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change in proportion of the after-school wear period spent in MVPA between groups was 

witnessed on Tuesday, which found that INT participants decreased their MVPA from baseline 

to Time 2, while the CON group increased the proportion of after-school wear time spent in 

MVPA. 
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CHAPTER V: DISCUSSION 

 

Statement of Purpose 

 The purpose of this study was to assess the changes in after-school time spent in 

sedentary behavior (SB), and performing light (LPA), and moderate to vigorous-intensity 

physical activity (MVPA) among elementary school children in response to the introduction of 

stand-biased desks in the classroom. 

 

Introduction 

 It was originally hypothesized that SB would decrease, and physical activity (PA) would 

increase during the after-school period in children exposed to stand-biased desks during the 

school day. On the contrary, it was found that participants who used stand-biased desks in the 

classroom actually experienced a greater overall increase in SB and slightly greater decrease in 

PA during the after-school period compared to participants who retained their traditional seating 

arrangements. However, suggesting that exposure to stand-biased desks in the classroom alone 

impacted children’s after-school PA behaviors fails to take into account the many other factors 

which influence children’s PA during this time period.  

 This chapter will focus on a discussion of the impact which a nine week environmental 

intervention implemented among sixth grade students had on after-school SB and PA levels. The 

discussion will briefly review the results and discuss how these findings align with current 

relevant literature. In addition, factors which have been found to influence after-school activity 

levels will also be discussed relative to their potential impact on the current study. Although the 

structured nature of the after-school period may draw comparisons to the school day in some 
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aspects, this is a time which is unique in the activities which children engage in, as well as the 

environmental factors influencing the PA behaviors of children which tend to be less impactful 

throughout the rest of the day. Furthermore, the after-school period is subject to large variances 

in children’s PA behaviors down to the daily level. For this reason, it is important to assess 

whether daily PA patterns exist, where days may consist entirely of structured activities, or be 

entirely made up of opportunities to engage in ‘free play’, and how this might effect after-school 

PA outcomes. Regardless of the environment in which PA is performed, the after-school period 

provides a critical period for children to be physically active. However, the after-school period is 

also often influenced by factors not typically associated with PA behaviors during the school 

day, whose impacts requires additional considerations when targeting behavior change during 

this time.  

 

After-School Sedentary Behavior in Children using Stand-Biased or Traditional Desks 

during the School Day 

 Across all participants in this study, median after-school wear time spent performing SB 

was 66.1% of 342.8 minutes, or approximately 3.6 hours at Baseline, and 68.6% of 363.8 

minutes, or approximately 4 hours of after-school wear time at Time 2, resulting in an increase of 

just under 30 minutes between measurement periods. Between the stand-biased (INT) and 

traditional (CON) desk groups, it was also found that there was a significant difference during 

both measurement periods in the proportion of after-school wear time spent in SB, however 

when these findings were converted to minutes, the median difference between groups suggested 

that at baseline, the CON group accumulated 8.9 minutes more SB than the INT group, while 

Time 2 found that the INT group accumulated 26.4 more minutes of SB than CON. Interestingly, 
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the group which accumulated a lower quantity of SB at baseline (INT) accumulated nearly 30 

minutes more at Time 2 compared to the CON group. Although the change in the proportion of 

after-school wear time spent in SB for both the INT and CON groups was not significantly 

different from one another, a difference between groups of nearly 30 minutes of SB at Time 2 

may be practically meaningful within the confines of the after-school time period. This increase 

in SB may also possibly be influenced by other factors of the after-school period, which also 

undergo changes during this time. When comparing the after-school SB of this sample with the 

literature, Rideout and colleagues (2011) state that children are currently spending approximately 

7 hours outside of school in SB, while in the current study, participants appear to only 

accumulate approximately 50% of this reported quantity, at least when only measuring the after-

school period.  

 Interestingly, there is a potential exaggerated effect which Stand-Biased desk use during 

the school day may have had on INT participants, as they experienced a median increase of 40.8 

minutes of SB during the after-school period in contrast to the 16.3 minute increase experienced 

by the CON group. With both groups providing data within the same time-frame, a difference of 

24.5 minutes may imply that INT participants experienced a compensatory effect during the 

after-school period as a result of Stand-Biased desk use. These findings are reinforced by those 

of Contardo and colleagues (2016), an 8-month intervention studying the impact of stand-biased 

desks on daily PA levels, which found that participants in the control group experienced a 

decrease in SB of approximately 34 minutes from baseline to follow-up, while participants in the 

intervention group increased SB by approximately 3.3 minutes outside of school. At the same 

time, results from Contardo et al. (2016) witnessed a greater reduction in SB during the school 

day among participants in the intervention group relative to control, and the majority of the 
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decrease in SB experienced by the control group was outside of school. Although in-school SB 

has not been explored for the current study, these results in conjunction with the findings by 

Contardo & colleagues may be indicative of the influence which stand-biased desks may have 

primarily within the school setting, rather than outside of it. Additional investigation into other 

changing factors during the after-school period which may have resulted in such a large increase 

in time spent sedentary is also warranted, as an increase in SB to the magnitude experienced by 

INT participants most likely would not have been caused by the intervention stimulus supplied in 

the present study.  

 

After-School Light Physical Activity in Children using Stand-Biased or Traditional Desks 

during the School Day 

 In the present study, LPA was performed for a median time of approximately 1.6 

hours/after-school period across all participants at both baseline and Time 2. Between the INT 

and CON groups there was an approximately 7.3 and 6.2 minute difference at baseline and time 

2, respectively, with the CON group accumulating more LPA during the after-school period at 

both measurement periods. Therefore, although the difference in the proportion of after-school 

wear time spent performing LPA was significant between groups at time 2, the difference in time 

may not be practically meaningful. The CON group in this instance experienced a slightly larger 

reduction in LPA than the INT group, with a median decrease of approximately 6.1 minutes 

compared to 0.7 minutes for INT participants. Overall however, the change experienced by both 

groups serves to suggest that there was no added effect as a result of the use of Stand-Biased as 

opposed to Traditional desks, however at the same time no detrimental effect was apparent 

either.    
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 LPA consists of activities primarily surrounding those performed during daily living, 

which during the after-school period in children may include activities such as walking and 

performing household chores. There currently does not exist any recommendations as to the 

amount of LPA which should be performed on a daily basis in children, however there is still the 

potential to receive positive health benefits from such activities. In an article published by 

Carson and colleagues (2013), it was found that among a sample of 1,731 adolescents, each 

additional hour per day of LPA was associated with an approximate 0.6 – 1.7 mmHg decrease in 

diastolic blood pressure as well as a potential 0.04 mmol/L increase in HDL-Cholesterol (Carson 

et al., 2013). Although the majority of current research is focused on the accumulation of MVPA 

in children and adults, the potential health benefits of LPA alone should not be ignored. In this 

sample, children regularly accumulated at least one or more hours of LPA during the after-school 

period, suggesting that during this time period alone sufficient activity was being performed to 

experience at least some positive health benefits as a result, in addition to what was also 

accumulated during the school day.   

 

After-School Moderate, Vigorous, and Moderate to Vigorous Physical Activity in Children 

using Stand-Biased or Traditional Desks during the School Day 

 Moderate to vigorous-intensity physical activity (MVPA) is considered to provide the 

greatest health benefits relative to the quantity of time spent performing PA at this intensity. For 

this reason, researchers recommend that children and adults alike strive to accumulate a 

significant portion of daily PA spent at intensities high enough to count as either moderate or 

vigorous in nature. MVPA is most commonly associated with activity which leads to an 

increased heart rate, respiratory rate, sweating, and muscle fatigue (AHA, 2014). MVPA related 
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activities however, as the name suggests can be further broken down into periods of both 

moderate and vigorous intensity PA. Although these activity intensities should be examined 

separately as unique PA behaviors which both provide positive health benefits, MPA and VPA 

often occur in conjunction, with short, intermittent bouts of VPA occurring within longer periods 

of MPA. In this sense, MVPA may provide a clearer picture of PA behaviors, especially among 

children, when identifying time spent being physically active during the after-school period at 

these specific levels of intensity. 

 Across all participants, the proportion of after-school wear time spent performing MPA 

was 4.3%, or approximately 14.4 minutes/after-school period at Baseline, with a slight reduction 

experienced during Time 2, with participants accumulating approximately 13.7 minutes/after-

school period, or 3.4% of after-school wear time of MPA. Further examining these PA behaviors 

between the INT and CON groups, at baseline the INT group achieved roughly 3 minutes less 

MPA during the after-school period than the CON group, at 14.2 and 17.2 minutes/after-school 

period, respectively. During Time 2, the CON group actually decreased the quantity of MPA 

accumulated during the after-school period more than the INT group, experiencing a reduction of 

2.8 minutes of MPA compared to a reduction of 0.5 minutes among participants in the INT 

group, however the CON group still accumulated more overall MPA during the after school 

period at 14.4 minutes compared to the 13.7 minutes accumulated among INT participants. MPA 

was the sole variable which witnessed a significant difference between the INT and CON groups 

in the median change experienced in the proportion of after-school wear time spent at this level 

between Baseline and Time 2. During this time, the CON group reduced the proportion of after-

school wear time spent in MPA by 0.2% compared to a -1.4% reduction experienced by INT 

participants. However, when viewing MPA relative to minutes performed during the after-school 
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period, these equated to an approximate 0.1 minute increase in the CON group and a -4.3 minute 

decrease for INT participants, once factoring in the increase in after-school wear time among all 

participants during Time 2. These findings have important implications as it suggests that even 

though MPA did not increase during the after-school period as a result of Stand-Biased desk use 

among INT participants, there is a negligible decrease in the proportion of after-school wear time 

spent in MPA. As MPA is one contributor towards MVPA, it is also worth analyzing the 

proportion of after-school time spent in MPA relative to the daily 60 minutes of MVPA children 

are recommended to accumulate. At Baseline and Time 2, participants accumulated 

approximately 24% and 22.8% of the daily recommendation of MVPA at the moderate intensity 

level alone, before factoring in time spent in VPA.  

 VPA tends to be performed in more brief bouts than MPA, however its contribution to 

MVPA is nevertheless important when factoring in the type of activities which children usually 

participate in. These activities are generally characterized by brief bouts of physical activity 

often interrupted by short rest periods, although more structured and sustained physical activity 

behaviors generally become more common as children age (ACSM, 2015). In the present study, 

participants accumulated approximately 8.9 minutes/after-school period of VPA during Baseline, 

and experienced a decrease to approximately 5.1 minutes/after-school period at Time 2. At 

Baseline however, the INT group accumulated nearly 50% less VPA at 6.4 minutes compared to 

the CON group (13.1 minutes) during the after-school period, while both the INT and CON 

groups proceeded to accumulated similar amounts of VPA during the after-school period at Time 

2 (5.0 and 6.3 minutes, respectively). At this level of intensity, the CON group experienced a 

much greater decline between time points in the amount of VPA accumulated during the after-

school period in comparison with the INT group. However, the median Baseline – Time 2 
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change was similar between the INT and CON groups at -0.9 and -0.5 minutes/after-school 

period, respectively, after taking into account the increase in after-school wear time at Time 2. 

As a proportion of the daily MVPA recommendation, CON group participants accumulated 

approximately 21.8% of the recommendation in VPA compared to just 10.7% for INT 

participants at Baseline, while these values were much closer at Time 2, with the CON group 

again accumulating slightly more of the MVPA recommendation in VPA at 10.5% compared to 

the INT group at 8.3%. Although participants in the INT group did not accumulate as much VPA 

as the CON at either time point, the fact that the change from baseline to time 2 across both 

groups was similar once again suggests that the use of Stand-Biased desks in the classroom may 

not have a strong impact on children’s after-school VPA. In the 6th grade, the possibility that 

stand-biased desk use does not influence after-school VPA levels may have added importance, as 

PA generally occurs in a more structured format compared to younger children, who tend to 

engage in more ‘free play’ and accumulate VPA more sporadically over time. Overall however, 

examining children’s after-school MVPA as a whole provides the clearest picture in the present 

study as to whether after-school PA behaviors were impacted by stand-biased desks 

implementation into the classroom.  

 Looking at total MVPA, participants accumulated approximately 23.4 minutes/after-

school period (INT: 21.5; CON: 32.1 minutes) at Baseline, and 19.6 minutes/after-school period 

(INT: 18.8; CON: 20.3 minutes) at Time 2. At baseline, the INT and CON groups accumulated 

approximately 35.8% and 53.5%, respectively, of the daily recommended time spent in MVPA 

during the after-school period alone. These values were much higher than those reported by 

Arundell and colleagues (2015), who found that on average, children accumulate approximately 

14.1% of the daily recommended levels of MVPA during the after-school period. Similarly at 
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Time 2, approximately 31.3% and 33.8% of the daily recommended levels of MVPA were 

accumulated for the INT and CON groups, respectively, during the after-school period, which 

again is nearly double that reported by Arundell et al. (2015). In another study conducted by 

Taverno Ross et al. (2013), it was found that the most active children (boys attending an after-

school program) accumulated approximately 19.6 minutes of MVPA during the after-school 

period, or 5.3 min/hr during a 3.7 hour measurement period. Participants in this study therefore 

appear to be fairly active during the after-school period, particularly at Baseline, when conditions 

in the after-school environment were more favorable. In addition to this, the findings by Taverno 

Ross and colleagues are similar to those found in the present study, once again suggesting that 

the implementation of stand-biased desks did not have a large impact on children’s after-school 

PA behaviors.  

 Although the current sample of participants reported slightly higher activity levels than 

what has been reported elsewhere, these children may still not be accumulating sufficient PA 

during the after-school period to consistently achieve the daily recommended level. Researchers 

have argued that children should strive to accumulate approximately 50% (30 minutes) of the 

daily recommended levels of MVPA outside of the school setting (Elliot et al., 2013). In this 

instance, only the CON group met this recommendation at baseline, while both the INT and 

CON groups accumulated approximately 20-25% less than the 50% recommendation at Time 2, 

during the after-school period alone. Therefore, although participants in the present study were 

not documented to be accumulating the recommended amount of MVPA during the after-school 

period alone, they also fell short of the sub-recommendation put forth by Elliot and colleagues to 

accumulate near 30 minutes of MVPA on a consistent basis during this time. Additionally, trends 

witnessed among participants completed wear logs, when returned, reflected a trend towards the 
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removal of accelerometers during many forms of after-school sport participation, including 

activities such as swimming, ballet, and gymnastics, to name a few. In this sense, PA at the 

moderate and vigorous levels of intensity may not have been captured as accurately as, say SB 

and LPA during the measurement period, if participants remove recording devices for sport 

participation, while leaving them on while performing activities of lower intensities. This 

possibility then potentially leaves out a portion of the impact which organized sport may have 

had on children’s after-school PA levels. 

  Overall, the physical activity behaviors of children appear to be less malleable during 

this time period than may be expected among a younger sample of participants, and this may be 

attributed to the structured nature of the after-school period, especially among a sample of 

participants who were highly involved in organized sport participation (77.5% of participants at 

both time points). With the implementation of stand-biased desks in the classroom failing to 

display any positive or negative associations with children’s after-school physical activity 

behaviors at the weekly level, children’s PA behaviors at the daily-level provide the next logical 

step towards examining whether any associations between stand-biased desk use and after-school 

PA behaviors exist. 

 

Daily Variation in After-School Physical Activity Behaviors 

 During the weekday, it has been suggested that children’s PA behaviors remain relatively 

consistent across entire days, with slight variance, before experiencing a dramatic decrease 

leading into the weekend (Pereira et al., 2015). In the present study, fairly similar PA behaviors 

are witnessed between the INT and CON groups during both time periods, although day to day 

variance in the proportion of time spent performing different PA behaviors appears to vary to a 
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greater degree than the differences between groups on any single day of the week. Of particular 

note, and of potentially greater importance to this study, is the difference in PA behaviors 

witnessed on Wednesday in relation to Monday, Tuesday, and Thursday during both time 

periods, particularly across the CON group participants. The elementary school where this study 

was conducted was unique in that on Wednesday of every week during the school year students 

were released one hour and ten minutes earlier than on any other day of the week (2:15pm vs. 

3:25pm). When performing the after-school analysis, Wednesday therefore utilized an extra hour 

of collected data when determining the proportion of time spent performing various PA 

behaviors. Primarily witnessed during Time 2 but also occurring at baseline, this additional after-

school wear time on Wednesdays had an obvious impact on PA behaviors compared to the rest 

of the week. During this time, the most prominent change in participants PA behaviors relative to 

the rest of the school week, was an increase in the proportion of after-school time spent in SB. 

This was particularly powerful among the CON group, which witnessed a 5.9-14.3% greater 

proportion of after-school wear time spent in SB on Wednesday than on any other day of the 

week during Time 2, when after-school wear time was highest. In contrast, the INT group 

appears to spend a slightly greater proportion of after-school time engaging in PA on the day in 

which more time is spent out of school than any other day of the week. These daily variations in 

PA behaviors may therefore suggest that data at the weekly level was influenced as a result of 

PA behaviors during the shorter after-school periods, while activities performed on Wednesdays 

provide a slight contrast. Primarily on Wednesday during Time 2, the INT group spent the least 

proportion of the after-school period sedentary, while also spending close to, if not the highest 

proportion of after-school wear time in either LPA or MVPA. Additional relationships between 

an expanded after-school period and children’s PA behaviors can also be seen when it is 
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considered that the amount of time during the after-school period spent performing MVPA was 

among the top two highest days among INT participants on Wednesdays at both time periods 

(19.4 and 19.5 minutes/after-school period, respectively). Meanwhile, the intervention group 

recorded nearly 10 more minutes than the INT on Wednesday at Baseline (29.4 minutes), before 

experiencing a decrease of 15.9 minutes/after-school period at Time 2. Across all PA behaviors, 

the longer after-school period on Wednesday resulted in a greater accumulation of total after-

school PA among INT participants than on any other day of the week at 108.9 minutes/after-

school period at Baseline, and 122.3 minutes/after-school period at Time 2, respectively. This is 

in contrast to the CON group, which experienced a decrease in total PA on Wednesdays relative 

to other days of the week. It therefore warrants speculation that on a daily-level, the PA 

behaviors of INT participants were influenced by the implementation of stand-biased desks in 

the classroom, leading participants to not necessarily increase PA during the after-school period, 

but rather to maintain rather than decrease PA as a result of seasonal or other environmental 

changes which took place between measurement periods. To our knowledge, there have not been 

any studies published which have examined the daily variation in children’s after-school PA 

behaviors as a result of either an increased or decreased after-school time period, therefore it 

remains important to interpret these results as speculative in nature.  

 

Seasonal Variation in After-School Physical Activity Behaviors 

 Seasonal variation in PA is another important factor which has the potential to influence 

children’s after-school PA behaviors, particularly in a climate which experiences dramatic 

changes in temperature and sunlight between seasons, as is the case in the Midwest region of the 

United States. Therefore, it is important to analyze whether seasonal variation also had an impact 



   

 

 

133 

 

on children’s PA behaviors, especially during the after-school period in which outdoor play is 

traditionally more prevalent than during the school day.       

 Like the relationship witnessed between a longer after-school period and a larger 

accumulation of PA, the impact of seasonal changes may have a similar influence on children’s 

PA behaviors by limiting opportunities for outdoor play due to either poor weather conditions or 

a lack of daylight, in effect shortening the after-school period. In the present study the average 

temperature during the after-school period decreased by approximately 48.6º Fahrenheit from 

Baseline to Time 2 (60.0 – 11.4º Fahrenheit), while daylight during the after-school period also 

decreased by approximately 1.3 hours between measurement periods. Both of these factors have 

the potential to influence children’s after-school PA behaviors through limiting accessibility to 

the outdoors, and therefore placing a limit on one of the primary environments in which after-

school PA is performed, particularly among elementary school students. In addition to a 

shortening after-school period caused by seasonal changes, many sport seasons also end with the 

onset of winter, again potentially limiting outdoor exposure through a lack of planned periods of 

activity. 

 Physical activity levels during the after-school period have been identified to be 

influenced in part by the characteristics of the surrounding physical environment, including 

hours of daylight, temperature, and precipitation (Sallis et al., 2000). In a study conducted by 

Atkin and colleagues (2016), it was found that children’s MVPA peaks during the summer 

months between June-July and were at their lowest during the month of December. Although the 

study conducted by Atkin et al. failed to capture PA behaviors during the month of September, 

there was a slight decrease in children’s daily MVPA between the months of August and 

December of 5.2 min/day from 57 to 51.8 min/day. In the present study, a median decrease of 4.5 



   

 

 

134 

 

minutes/after-school period was observed across all participants from Baseline (September) – 

Time 2 (December), which aligns very closely with the findings presented by Atkin, which 

analyzed total daily PA. Moreover, it would also appear that seasonal variation primarily impacts 

the after-school period over time spent in school, when comparing the reductions in MVPA 

witnessed by Atkin et al. across the entire day relative to the present study, which only examined 

the after-school period. This could have important implications when planning for the 

implementation of interventions which target long term PA behavioral changes across the entire 

day. In school, it is suggested that children’s PA behaviors are relatively stable due to the 

structured nature of the school day and the potential to replace outdoor recess and PE with indoor 

activities in the event of adverse weather conditions. During the after-school period this may not 

always be the case, as PA behaviors tend to be more reliant on the outdoor environment due to a 

lack of space for free play indoors, particularly at home (Atkin et al., 2016).  

 When examining the results of the present study, it is therefore important to consider that 

overall PA is expected to be lower across the entire day during the month of December compared 

to the month of September due to worsening weather conditions and a decrease in daylight in the 

Northern Hemisphere. This in turn will limit time outdoors, and as an extension decrease 

exposure to opportunities which are physically active in nature. Nevertheless, participants in this 

study still managed to accumulate approximately 1/3rd of the daily recommendation of MVPA 

during the after-school period at Time 2, while also limiting the increase in after-school SB to a 

roughly 5% greater amount of after-school wear time (~30 minutes/after-school period). While 

the modest increase in SB fell in line with an approximate 30 minute/after-school period increase 

in wear time across all participants, it is possible that during Time 2 participants wore the 
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accelerometer for longer as a result of being inside more during cold weather, while also 

experiencing an increase in opportunities to be sedentary during this measurement period.  

 

The Role of After-School Sport Participation in Reducing Children’s Sedentary Behavior 

 It is important to remember that children, even at the 6th grade level, remain heavily 

influenced by the structured nature of their after-school schedule. Many children participate in a 

number of organized activities during the after-school period, including potential participation in 

after-school programs, the performing arts, or organized sporting events. On one hand, a heavily 

structured after-school period may be difficult to influence through the stimulus provided by a 

school-based intervention, such as in the present study. On the other hand however, the 

structured nature of the after-school period may provide insight into scheduled activity among 

children, as well as which activities provide the greatest influence to children’s PA behaviors on 

a daily or even weekly basis.  

 To our knowledge, there does not currently exist nationally representative data lending 

insight into the prevalence of sport participation among elementary school students. However, 

the 2016 United States Report Card on Physical Activity for Children and Youth (NPAP) reports 

that there has been a steady increase in the number of high school students participating in 

organized sport since reporting began in 1971. Additionally, boys tend to be more actively 

involved in organized sport than girls, and more than half of all high school students in the 

United States currently participate in at least one organized sport during the school year (NPAP, 

2016). In a study conducted by Leek et al. (2011), it was found that during a single organized 

sport practice, an average of 45.1 minutes of MVPA can be accumulated which is approximately 

75.2% of the daily recommendation for MVPA in children. This finding suggests that children 
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who participate in organized sport will accumulate a large proportion of the daily 

recommendation of PA during sport practices on days in which these practices occur. At the 

same time however, Leek and colleagues found that only 24% of study participants who engaged 

in after-school sport met the 60-minute MVPA recommendation at practice alone, suggesting 

that more opportunities for PA to be accumulated outside of sport practice are essential if 

widespread achievement of this recommendation is to be met. 

 Among our current study sample, 77.5% of participants reported participating in after-

school organized sport on at least one day of the school week at Baseline, and again at Time 2. In 

addition to this, 62.5% of all participants performed after-school sport at both time periods, while 

only three participants from the intervention group did not participate in sport at either time 

period. Placing these values under further scrutiny shows that the number of students reportedly 

enrolled in after-school sport increased from Baseline to Time 2 among CON participants, while 

simultaneously decreasing among INT participants. For this reason, even though 77.5% of all 

participants reported engaging in organized sport during the after-school period at both time 

points, there was a shift in the proportion of participants enrolled in after-school sport, with the 

INT group decreasing from 79.2% to 66.7% participation, while the CON group increased from 

75% to 93.8% participation in after-school sport. This finding alone may shed light on the PA 

patterns of children during the after-school period, particularly those witnessed in the present 

study. From baseline to time 2, the number of participants in the INT group who did not 

participate in after-school sport increased from 4 to 8 individuals, while during this same time, 

participants in the INT group increased SB by approximately 40.8 minutes/after-school period, 

while also experiencing a decrease in MVPA. It was previously reported that participants who 

returned their wear logs often recorded that accelerometer devices were removed during sport 
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participation, which would lead to a potentially significant proportion of PA accumulated during 

the after-school period to not be recorded using accelerometers. However, as sport participation 

declines, it would make sense that after-school wear time may experience an increase as 

participants are no longer removing their accelerometer device for a previously scheduled period 

of activity, and instead may have made the choice to spend this time sedentary. Similar 

speculation can be made with the CON group in the reverse. As sport participation increased 

from Baseline to Time 2 among CON participants, a smaller increase in time spent in SB during 

the after-school period was witnessed, however changes in recorded PA behaviors remained 

relatively the same as the INT group. Again, this may suggest that participants did not always 

wear the accelerometer during sport participation, however the impact of sport on attenuating an 

increase in SB may still be present.  

 With the information presented by Leek et al. (2011), among our sample of participants 

after-school sport participation may have a strong impact on the proportion of the daily 

recommended level of MVPA being achieved during the after-school period, with the added 

potential of providing sufficient MVPA to meet the daily recommendation in a single practice 

session. Keeping this in mind however, it is very important to acknowledge that after-school 

sport participation does not typically occur on a daily basis with children, therefore continuing to 

incorporate of additional opportunities for PA during the after-school period is paramount to 

promoting an active lifestyle in this population. 

 

Summary 

 Overall, the results from this study suggest that following 9-weeks of exposure, stand-

biased desks do not appear to have had a meaningful impact on children’s after-school PA 
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behaviors. Across all participants, there were no meaningful differences between the changes in 

the proportion of after-school wear time spent in SB or PA. Meanwhile, participants in the 

present study managed to accumulate approximately 30-50% of the daily 60 minute 

recommendation of MVPA during the after-school period, although a noticeable reduction in 

after-school MVPA occurred with the changing seasons as temperature and daylight both 

decreased. Further examining the present findings using information provided by previous 

research, the fact that there was no meaningful decrease in children’s after-school PA behaviors 

beyond those expected due to seasonal variation suggests that the implementation of stand-biased 

desks into the classroom does not have any negative, or compensatory effect on children’s after-

school PA behaviors. This is particularly apparent at the daily level, where a longer after-school 

period resulted in a greater amount of total PA among the INT group compared to the CON 

group, while activities such as after-school sport participation may also have an attenuating 

effect on declining PA levels, as witnessed during the Time 2 measurement period.  

 Keeping the results of the present study in mind, the implementation of stand-biased 

desks into the classroom presents a promising opportunity to decrease the time children spend 

sitting during the school day, while also providing an environment in which children have the 

opportunity to stand, in turn counteracting the known negative impacts of sitting for prolonged 

periods of time during the school day. During the after-school period, stand-biased desks also 

appear to have a minimal impact on children’s PA behaviors, suggesting that the stimulus 

provided by stand-biased desks may primarily impact school-based PA behaviors, although this 

was outside of the scope of this analysis. In fact, the greatest impact factors on children’s after-

school PA behaviors in this study appear to be related to changes in the length of the after-school 

period, which were caused by school release time, daylight, and after-school weather conditions. 
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The apparent impact of these environmental factors lends support to the idea that the structured 

nature of the after-school period is difficult to influence without directly implementing an 

intervention stimulus during this time. 

 

Practical Implications 

 Previous research has indicated that the implementation of stand-biased desks into the 

classroom setting successfully reduces the amount of time children spend sitting, often replacing 

this behavior with time spent standing and stepping. In addition to the positive impact which 

stand-biased desks may have during the school day, the present study supports the idea that 

stand-biased desks also do not have any detrimental impact on after-school PA behaviors. In 

combination, these findings lend support to the idea that stand-biased desk use during the school 

day results in no negative compensatory PA behaviors during the after-school period, 

theoretically leading to a net decrease in total daily SB and increase in PA behaviors. This theory 

cannot yet be proven however, as the impact which stand-biased desks had on children’s PA and 

SB across the entire day was outside of the scope of the present study. Regardless, this is a very 

positive finding suggesting that during the after-school period, PA levels may be maintained 

even among children exposed to stand-biased desk use in the classroom. Moreover, if it is 

assumed that children spend more time standing and less time sitting in school, the added effects 

of maintaining PA levels during the after-school period will result in an increase in total daily PA 

among these individuals. For this reason, stand-biased desks present an encouraging opportunity 

for school policy makers seeking to improve children’s health behavior outcomes while avoiding 

interruptions to the learning environment, to support both aspects of a child’s development with 

a slight adjustment to the traditional classroom environment.   
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Scientific Implications 

 To our knowledge, this is the first study which has examined the impact of stand-biased 

desk use in the classroom on SB and PA levels of children in the after-school environment as a 

standalone period of the day. Children are currently spending the majority of the day sedentary. 

The after-school period is a critical time in which PA should be promoted among children in 

order to aid in the development of healthy behaviors through the accumulation of the minimum 

recommendation of PA per day. Stand-biased desks are a novel approach to reducing sitting time 

during school while promoting standing. However, it remains unknown as to whether an increase 

in standing time during the school day will have any compensatory effects on children’s 

behaviors outside of the school setting. The present study suggests that no meaningful impact on 

children’s after-school PA behaviors occurred as a result of the implementation of stand-biased 

desks into the classroom. Even though no meaningful changes as a result of stand-biased desk 

exposure were witnessed in the present study, the results presented are still meaningful when it is 

considered that children exposed to stand-biased desks may be spending less time seated, and 

more time standing during the day, while avoiding compensatory behaviors during the after-

school period, where similar PA levels as participants in the CON group were recorded. In this 

scenario, stand-biased desk use may still lead to improved health outcomes over students who 

remain seated at traditional desk stations, through a general reduction in SB across the day. 

 In the current study, PA behaviors during the after-school period appeared to be primarily 

influenced by seasonal changes in weather and variation in the length of the after-school time 

period. It has previously been shown that children in the northern hemisphere accumulate their 

lowest levels of PA during the months of December and January (Atkin et al., 2016; Mattocks et 

al., 2007; Pereira et al., 2015), otherwise coinciding with the winter season, when weather is 



   

 

 

141 

 

typically at its coldest and least favorable. These adverse weather conditions in turn deter regular 

opportunities for PA in the outdoor environment, resulting in more time spent being sedentary 

indoors. In addition to alterations in weather patterns, the winter season also tends to signify the 

end of a large number of organized sport seasons, primarily those which take place outdoors. 

Considering that sport participation provides an opportunity in which a large proportion of 

meaningful PA can be accumulated in a single session among children, a decrease in weekly 

after-school sport participation may have a compound effect with winter weather to further 

increase sedentary behaviors.    

 Finally, as the impact which stand-biased desks may have on children’s PA and SB 

continues to be explored, a goal set forth by Healthy People 2020 suggests that only a slight 

increase in daily caloric expenditure among children could be sufficient to reduce current obesity 

trends by up to 5% in the United States (USDHS, 2011). In replacing traditional time spent 

sitting with standing, the implementation of stand-biased desks into the classroom may provide 

an initial push towards creating a slight increase in children’s daily energy expenditure, without 

causing significant disruptions to children’s daily routine. Sitting is a learned behavior which, 

when performed for extended periods of time on a daily basis, leads to a significant reduction in 

daily energy expenditure in addition to a number of other negative health consequences. 

Interrupting time spent sitting with even brief periods of standing has been shown to result in 

significant increases in energy expenditure in children (Benden et al., 2013). From a young age, 

it is possible to educate children in the importance of breaking up extended periods of sitting 

with time spent standing, which can be achieved in part through the provision of stand-biased 

desks in the classroom from a young age. Through encouraging less sedentary behaviors early on 

in a childs development, it may then be possible to decrease the amount of time children are 
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currently said to be spending sedentary, while also developing healthy behaviors which may 

even carry on into adulthood.    

 

Limitations 

 This study was not without its limitations. First and foremost concerned the attrition rate 

of an already small sample size. During the enrollment period, 40 participants in 6th grade were 

recruited for the study and provided accelerometer devices to be worn at baseline. However, only 

31 of the original 40 enrolled participants provided valid accelerometer data at both time periods. 

Furthermore, the entirety of participant attrition occurred within the INT group rather than across 

both experimental groups, suggesting that this particular sample may have suffered from slight 

compliance disparities between the INT and CON groups, although it is unclear why. For the 

final statistical analysis however, 15 participants within the INT group and 16 in the CON group 

still provided valid accelerometer data at both time points and therefore, with a near even split 

among participants per group, results still accurately represent any differences in PA and SB 

which may have occurred between. 

 An additional limitation to this study was the length of the intervention period during 

which participants received exposure to the stand-biased desks. For this particular analysis, INT 

participants received approximately 9-weeks of the intervention stimulus before the second 

measurement period was conducted. It is possible that among this sample of participants, the 

limited exposure to stand-biased desk use may not have been enough to create behavioral 

changes, at least in after-school PA and SB. In the present study, participants consisted entirely 

of children from the 6th grade who have progressed through elementary school presumably using 

primarily seated workstations in the classroom. After spending approximately seven years in 



   

 

 

143 

 

elementary education, sitting in school may develop as a learned behavior which must be 

overcome, however this process is most likely to take time. One option to gradually increase 

children’s time spent standing is through the implementation of stand-biased desks into 

classrooms from a young age. Children who are exposed to stand-biased desks from an early age 

may be more likely to develop a preference for standing instead of sitting in the classroom, 

potentially reducing a significant amount of SB each day. This in turn may lead to an increased 

tendency to be active throughout the day, and ensure the avoidance of compensatory behaviors 

during the after-school period as a result of standing during the day. With children in 6th grade 

who are used to spending the majority of their days sedentary, it is unreasonable to expect a rapid 

adaptation to a desk which requires standing during periods traditionally associated with sitting. 

For this reason a 9-week intervention period may not be sufficient in altering children’s PA 

behaviors, especially if they are not utilizing the desks as intended. If children are introduced to 

stand-biased desks at an earlier age, around the time at which classroom activities begin 

transitioning to more desk oriented work, educating children early on that standing at their 

workstations while completing classwork is the new norm, may be sufficient in producing 

improvements to children’s PA behaviors. The larger study from which this data was analyzed 

also involved switching participants from the INT and CON groups following the first 9-weeks 

of intervention stimulus to their opposite desk type for the second half of the school year, 

therefore it would not have been possible in the present study to examine participants across a 

longer period of time, an approach which warrants further study. 

 The final limitation for this study was the inability to accurately capture types of 

activities performed during the after-school period for analysis. The after-school period for 

children in elementary school appears to be fairly structured on a day-by-day basis, and in this 
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particular sample, 77.5% of participants’ participated in an organized sport practice or game on 

at least one day of the school week at both time periods. At the same time, we were unable to 

accurately capture whether participants wore their device during such sport participation, in 

addition to being unable to capture the type of activities performed using just data provided from 

accelerometers. The primary factor which contributed to the inability to catalogue activities 

performed during the after-school period was due to a poor return rate of accelerometer wear 

logs among this sample of participants. Although the completion of wear log diaries was strongly 

encouraged by the research team during both measurement periods, participants overall tended to 

not return wear logs at the end of each measurement period. For this reason, although wear logs 

were applied to the accelerometer analysis of those participants who did return them completed, 

the primary purpose of this documentation shifted towards providing additional qualitative 

insight into the after-school behaviors of specific participants. This review of reported after-

school activities granted the ability to draw more informed conclusions regarding the after-

school PA behaviors of participants in the present study. As the structure of the after-school 

period varies by person, it is important to interpret results in the present study while keeping the 

aforementioned limitation in mind. For this reason, it is possible that participants in this study 

accumulated additional time spent either performing PA or SB that was not captured while 

wearing an accelerometer and therefore excluded from analysis. 

 While some limitations did exist, this study also presented several strengths in the 

methodology employed relative to other similar studies which have been conducted to date. The 

primary strength of this study involved the within-class controlled design, which ensured that 

participants in each of the three classrooms from either the INT or CON groups were exposed to 

the same school day schedule. Through this approach it became possible to single out the impact 
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which stand-biased desks alone may have on students PA behaviors over those who continue to 

use traditional seating arrangements as the rest of the school day was the same. Additionally, this 

study successfully recruited participants from all three 6th grade classrooms at this particular 

elementary school, while also securing full buy-in and support from all 6th grade teachers. This 

was important because students in the 6th grade at this school participate in a rotational classroom 

schedule, in which they spend time in each 6th grade classroom every school day. In order for 

this study to be successful, stand-biased desks had to be incorporated into each participating 

classroom so that when students switched from their homeroom they were still able to receive 

the intervention stimulus as long as they were in a participating 6th grade classroom. This leads to 

the final strength of this study, which was the novelty of the intervention approach employed, 

allowing participants in the INT group opportunities throughout the school day to spend time at 

their assigned workspace. Previous research involving stand-biased desks in elementary schools 

has been limited by the quantity of time which students actively spend at their assigned 

workstations (Benden et al., 2011). In the present study, there were three potential classrooms in 

which students had the opportunity to use a stand-biased desk, providing a much larger 

proportion of time during the school day in which student’s had the opportunity to use their 

assigned desk. Within the school environment, it is not uncommon for students to spend time in 

several different classrooms in a single day. Although some classes such as Music and Physical 

Education may not have the ability to incorporate stand-biased desks as an effective method to 

break up children’s sitting behaviors, it is essential that sufficient opportunities during the school 

day are provided to utilize stand-biased desks. With increased exposure to opportunities to stand 

during the day, children are likely to greatly increase the chance of experiencing the positive 
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benefits provided by reducing the amount of time spent sitting during the day, while also 

increasing time spent standing. 

 

Recommendations for Future Study 

 In the future, it would be worthwhile to continue analyzing the after-school period as a 

standalone time in which children may accumulate a significant portion of their total daily PA, 

and in which free and structured play may be enhanced to increase the chance of children 

accumulating the daily PA recommendations. To our knowledge, there is no research which has 

used a large sample size when analyzing the impact which stand-biased desk use in the 

classroom has on children’s PA behaviors, therefore limiting the widespread generalizability of 

research which has been published. In the present study, recruitment of a larger and more diverse 

sample of participants would have greatly enhanced the results provided, as a larger participant 

pool lends support to the greater potential for widespread generalizability and dissemination of 

findings, and in turn may be impactful across large segments of the child population. While 

conducting research within the confines of school systems limits the potential reach for 

participant recruitment, preliminary investigations into the impact of stand-biased desks into 

elementary school classrooms suggest that the need for a larger scale intervention has been 

established. Future research should also aim to better understand children’s after-school 

behaviors and the time frame which best constitutes the ‘after-school period’, as it appears to 

vary widely among children of different ages, and even within the same grade level. Finally, a 

longer intervention period providing the same intervention stimuli warrants further investigation. 

In the present study, it appears that following 9-weeks of exposure to stand-biased desks in the 

classroom, there were no detrimental effects on children’s after-school PA and SB. As more time 
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is allowed to elapse, findings such as those presented within the current study take on added 

importance as behavior change becomes stronger over time, and any change which may occur as 

a result of prolonged stand-biased desk use is expected to occur to a greater magnitude. Through 

continually reviewing and improving the methodology employed which aims to increase 

children’s PA behaviors, it remains paramount that we strive to better understand the long-term 

impacts which PA interventions may have on children’s PA behaviors, as short term 

improvements are meaningless in the search for behavior changes lasting a lifetime. 

 

Summary 

 The after-school period is a critical time during the day in which children have the 

opportunity to accumulate meaningful amounts of PA. In some cases, researchers have even 

made the suggestion that as much as 50% of the total daily recommendation for children’s 

MVPA be accumulated outside of the school day. In the present study, no detrimental or 

compensatory effects on children’s after-school PA and SB were found following 9-weeks of 

exposure to stand-biased desks in the classroom. Furthermore, it was witnessed that when 

presented with a longer after-school period, children in this study accumulated more total PA 

than during shorter days. Similar findings were also observed when factoring in the effect on the 

after-school period which seasonal variations in temperature and daylight had on children’s PA 

behaviors. Furthermore, participation in organized sport during the after-school period may also 

provide an essential opportunity to promote healthy PA behaviors in children, while substituting 

time in which children may otherwise choose to be sedentary during periods in which they do not 

participate in after-school sport. It is essential that adults encourage children to engage in PA 

during the after-school period whenever possible, principally due to the increasing prevalence of 
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technology and activities which promote sedentary behavior, and in turn lending support to 

current evidence which states that children are spending the majority of all waking hours 

sedentary. Although the accumulation of time spent in both SB and PA have distinct impacts on 

children’s health, there also exists an important relationship between PA and SB, which suggests 

that if SB is reduced, time spent performing PA might increase as a result. The implementation 

of a mild environmental stimulus such as a stand-biased desk, which is aimed at reducing SB, 

may also be sufficient to replace a decrease in SB with increased levels of PA during the school 

day. Within the confines of the present study however, the use of a mild intervention stimuli 

which was aimed at primarily impacting children’s PA and SB during the school day, may lack 

the strength to develop behavior change across the entire day. In the present study, the 

implementation of stand-biased desks in the classroom presented the opportunity for students to 

be less sedentary during the school day, however the option of sitting in the classroom was never 

removed entirely. Without analyzing data from the school day, it remains unclear as to whether 

children spent a sufficient amount of time standing rather than sitting at their assigned desks in 

order to experience a desire to spend less time sedentary. In order to witness true, long-term 

positive behavior change among children, additional intervention components may also be 

required to appropriately support healthy behavior choices across the day. Additional 

components such as verbal reinforcement, teacher and family support, and an increase in 

opportunities to be physically active across the entire day, particularly during the colder winter 

months, are essential to encourage children, and truly create a desire to increase their PA levels. 

It has been shown that PA behaviors aid in children’s learning and cognitive development. As 

standing is a process which can still be accomplished while learning, the implementation of 

stand-biased desks into the classroom may provide the initial step towards developing an 
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intervention which accomplishes the ultimate goal of enhancing children’s long-term PA 

behaviors while still being fully supportive of students’ education. Just as stand-biased desks 

target a reduction in time spent sitting during the school day, additional measures may be 

necessary to further influence PA behaviors during the after-school period, where children 

should strive to engage in PA opportunities such as participation in organized sport and 

opportunities for free play. Although our hypothesis for this study proved incorrect in 

anticipating an increase in participants’ after-school PA behaviors, the outcomes presented 

nevertheless enhance the current literature, providing a better understanding of children’s after-

school PA behaviors during a time period many view as critical in providing children with 

significant opportunities to accumulate the daily levels of PA. 
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Appendix I 

After-School Time Spent Sedentary and at Different Intensities of Physical Activity (Minutes) 
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After-School Time Spent Sedentary and at Different Intensities of Physical Activity (Minutes) 

  
Note: P-Value is obtained from Wilcoxon Rank Sum Test 

P-value and Effect Size represent difference between Intervention and Control group. 

* denotes significance at p<0.1, results significantly different between Intervention and Control group. 

 

Measures Mean SE Median Range Mean SE Median Range

Effect 

Size P Mean SE Median Range

Baseline (n=38)

Sedentary Behavior (min.) 204.8 63.5 222.4 62.5 - 291.3 227.4 58.2 213.3 125.0 - 393.9 0.737 217.9 60.7 215.0 62.5 - 393.9

Light Physical Activity (min.) 99.7 16.2 100.6 70.7 - 123.6 95.0 20.3 93.3 62.4 - 129.1 0.473 97.0 18.6 96.6 62.4 - 129.1

Moderate Physical Activity (min.) 15.7 6.2 17.2 6.0 - 29.3 15.7 6.4 14.2 5.3 - 32.5 0.942 15.7 6.2 14.4 5.3 - 32.5

Vigorous Physical Activity (min.) 12.8 8.6 13.1 1.1 - 29.4 10.3 9.1 6.4 1.5 - 31.3 0.341 11.3 8.8 8.9 1.1 - 31.3

Moderate to Vigorous Physical Activity (min.) 28.4 12.9 32.1 8.1 - 50.3 26.0 14.7 21.5 6.8 - 63.8 0.421 27.0 13.9 23.4 6.8 - 63.8

Average Wear Time per Day (min.) 332.9 69.8 347.5 195.0 - 437.5 348.5 71.0 341.5 239.0 - 532.5 0.872 341.9 70.0 342.8 195.0 - 532.5

Valid Wear Days 3.6 0.9 4.0 1 - 4 3.1 1.1 3.5 1 - 4 0.122 3.3 1.0 4.0 1 - 4

Time 2 (n=32)

Sedentary Behavior (min.) 228.0 42.5 237.2 131.5 - 307.0 268.8 75.0 263.6 165.8 - 413.5 0.171 248.4 63.5 238.3 131.5 - 413.5

Light Physical Activity (min.) 99.8 21.7 98.4 51.5 - 135.9 91.7 18.9 92.2 53.9 - 121.8 0.305 95.7 20.4 95.3 51.5 - 135.9

Moderate Physical Activity (min.) 15.5 7.7 14.4 5.3 - 29.4 13.4 5.1 13.7 7.1 - 23.3 0.590 14.4 6.5 13.7 5.3 - 29.4

Vigorous Physical Activity (min.) 8.5 8.5 6.3 1.1 - 31.8 6.3 5.4 5.0 0.8 - 23.9 0.752 7.4 7.1 5.1 0.8 - 31.8

Moderate to Vigorous Physical Activity (min.) 24.0 15.5 20.3 6.4 - 58.8 19.7 9.1 18.8 8.1 - 38.0 0.616 21.9 12.7 19.6 6.4 - 58.8

Average Wear Time per Day (min.) 351.8 42.5 360.6 267.0 - 428.0 380.2 83.1 371.0 283.0 - 532.5 0.491 366.0 66.5 363.8 267.0 - 532.5

Valid Wear Days 2.9 1.1 3.0 1 - 4 3.1 1.0 3.5 1 - 4 0.642 3.0 1.1 3.0 1 - 4

Baseline - Time 2 Difference (n=31)

Sedentary Behavior (min.) 23.2 50.4 16.3 -74.1 - 128.4 47.4 53.8 40.8 -24.4 - 198.7 0.465 0.232 34.9 52.6 32.2 -74.1 - 198.7

Light Physical Activity (min.) 0.1 25.2 -6.1 -33.6 - 35.6 0.8 20.7 -0.7 -30.9 - 46.5 0.030 0.770 0.5 22.8 -4.2 -33.6 - 46.5

Moderate Physical Activity (min.) -0.2 7.7 0.1 -16.3 - 10.4 -2.3 6.9 -4.3 -15.3 - 12.4 0.287 0.264 -1.2 7.3 -1.9 -16.3 - 12.4

Vigorous Physical Activity (min.) -4.2 8.4 -0.5 -22.3 - 7.4 -4.6 9.3 -0.9 -21.7 - 12.7 0.045 0.572 -4.4 8.7 -0.9 -22.3 - 12.7

Moderate to Vigorous Physical Activity (min.) -4.4 13.4 -2.6 -33.6 - 15.4 -6.9 14.4 -5.6 -37.0 - 16.1 0.180 0.446 -5.6 13.7 -4.5 -37.0 - 16.1

Average Wear Time per Day (min.) 18.9 62.0 7.5 -96.5 - 156.8 41.3 72.1 40.0 -43.8 - 259 0.334 0.358 29.7 66.9 33.7 -96.5 - 259.0

Valid Wear Days -0.7 1.5 -0.5 -3 - 2 -0.2 1.3 0.0 -2 - 3 0.355 0.470 -0.5 1.4 0.0 -3 - 3

TotalControl (n = 16) Intervention (n = 15)
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Appendix J 

After-School Time Spent Sedentary and at Different Intensities of Physical Activity on Monday 

(Minutes) 
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After-School Time Spent Sedentary and at Different Intensities of Physical Activity on Monday (Minutes) 

  
Note: P-Value is obtained from Wilcoxon Rank Sum Test 

P-value and Effect Size represent difference between Intervention and Control group. 

* denotes significance at p<0.1, results significantly different between Intervention and Control group. 

 

Measures Mean SD Median Range Mean SD Median Range

Effect 

Size P Mean SD Median Range

Baseline (n = 32)

Sedentary Behavior (min.) 207.3 69.8 231.3 80.3 - 310.3 219.1 67.8 204.3 120.3 - 378.0 0.852 213.6 67.9 209.4 80.3 - 378.0

Light Physical Activity (min.) 100.2 30.3 108.3 45.0 - 149.8 95.6 30.9 87.3 35.0 - 151.0 0.737 97.7 30.2 103.8 35.0 - 151.0

Moderate Physical Activity (min.) 15.0 7.8 16.3 2.5 - 31.5 17.9 8.7 15.8 5.0 - 40.5 0.551 16.5 8.3 16.0 2.5 - 40.5

Vigorous Physical Activity (min.) 11.7 8.4 8.8 1.0 - 24.3 11.3 8.0 13.0 0.8 - 24.0 0.882 11.5 8.1 11.0 0.8 - 24.3

Moderate to Vigorous Physical Activity (min.) 26.7 14.5 29.0 3.5 - 55.5 29.2 15.4 31.3 6.8 - 63.5 0.794 28.0 14.8 30.9 3.5 - 63.5

Average Wear Time (min.) 334.2 83.5 351.0 188.0 - 501.0 343.8 88.6 348.0 203.0 - 515.0 0.823 339.3 85.0 349.5 188.0 - 515.0

Time 2 (n = 29)

Sedentary Behavior (min.) 210.3 44.7 227.5 145.0 - 305.8 254.6 93.0 246.6 129.3 - 402.5 0.217 231.7 74.3 228.3 129.3 - 402.5

Light Physical Activity (min.) 96.4 32.1 99.8 43.3 - 142.8 81.6 25.6 83.4 37.0 - 120.3 0.146 89.2 29.6 91.5 37.0 - 142.8

Moderate Physical Activity (min.) 14.4 9.6 10.5 3.0 - 32.3 14.6 9.5 14.3 0.8 - 34.5 0.914 14.5 9.4 12.0 0.8 - 34.5

Vigorous Physical Activity (min.) 6.5 8.1 4.3 1.0 - 32.5 7.1 9.2 3.1 0.3 - 27.8 0.683 6.8 8.5 3.8 0.3 - 32.5

Moderate to Vigorous Physical Activity (min.) 20.9 16.2 12.5 4.0 - 60.3 21.8 16.9 20.5 1.5 - 61.5 0.880 21.3 16.2 14.0 1.5 - 61.5

Average Wear Time (min.) 327.5 62.3 354.0 193.0 - 393.0 357.9 108.2 353.0 185.0 - 515.0 0.591 342.2 87.3 353.0 185.0 - 515.0

Baseline - Time 2 Difference (n = 24)

Sedentary Behavior (min.) 4.9 69.3 -1.6 -80.8 - 174.5 52.3 64.9 39.1 -18.0 - 212.5 0.108 24.6 70.2 23.4 -80.8 - 212.5

Light Physical Activity (min.) -7.1 26.5 -5.4 -58.3 - 31.5 -16.6 17.5 -17.3 -45.8 - 12.5 0.341 -11.1 23.2 -9.9 -58.3 - 31.5

Moderate Physical Activity (min.) -1.9 10.0 -3.5 -20.5 - 21.3 -6.5 10.8 -7.1 -18.8 - 10.5 0.341 -3.8 10.4 -4.0 -20.5 - 21.3

Vigorous Physical Activity (min.) -5.7 9.4 -2.8 -21.8 - 8.5 -9.6 11.6 -14.6 -18.5 - 12.8 0.259 -7.3 10.3 -9.0 -21.8 - 12.8

Moderate to Vigorous Physical Activity (min.) -7.6 16.0 -7.6 -29.5 - 22.0 -16.1 18.9 -22.5 -35.5 - 19.8 0.154 -11.1 17.4 -17.9 -35.5 - 22.0

Average Wear Time (min.) -9.8 75.3 0.0 -160.0 - 157.0 19.6 56.0 -4.5 -49.0 - 133.0 0.585 2.5 68.2 -2.5 -160.0 - 157.0

Monday

TotalControl (n = 14) Intervention (n = 10)
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Appendix K 

After-School Time Spent Sedentary and at Different Intensities of Physical Activity on Tuesday 

(Minutes) 
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After-School Time Spent Sedentary and at Different Intensities of Physical Activity on Tuesday (Minutes) 

  
Note: P-Value is obtained from Wilcoxon Rank Sum Test 

P-value and Effect Size represent difference between Intervention and Control group. 

* denotes significance at p<0.1, results significantly different between Intervention and Control group. 

Measures Mean SD Median Range Mean SD Median Range

Effect 

Size P Mean SD Median Range 

Baseline (n = 31)

Sedentary Behavior (min.) 233.4 61.5 254.5 81.3 - 306.5 242.8 65.3 235.9 109.8 - 379.5 0.953 238.9 62.9 242.0 81.3 - 379.5

Light Physical Activity (min.) 88.7 27.5 86.5 43.5 - 148.8 95.7 27.7 92.5 52.3 - 162.8 0.395 92.8 27.4 87.5 43.5 - 162.8

Moderate Physical Activity (min.) 12.0 5.5 10.8 4.8 - 24.5 12.1 6.1 10.6 5.0 - 26.8 0.890 12.0 5.7 10.8 4.8 - 26.8

Vigorous Physical Activity (min.) 12.1 11.4 11.0 0.5 - 44.0 8.0 9.4 2.8 1.3 - 34.3 0.183 9.7 10.3 5.0 0.5 - 44.0

Moderate to Vigorous Physical Activity (min.) 24.1 15.4 25.3 5.5 - 63.0 20.1 13.5 14.9 6.8 - 61.0 0.373 21.8 14.2 19.3 5.5 - 63.0

Average Wear Time (min.) 346.2 59.6 359.0 193.0 - 417.0 358.6 75.3 362.5 206.0 - 515.0 0.798 353.4 68.3 359.0 193.0 - 515.0

Time 2 (n = 25)

Sedentary Behavior (min.)* 193.1 49.4 183.3 116.3 - 281.3 276.7 61.9 269.6 177.0 - 381.5 0.002 233.2 69.3 226.5 116.3 - 381.5

Light Physical Activity (min.)* 110.1 26.1 107.0 57.0 - 150.0 89.7 30.6 87.5 48.3 - 157.5 0.046 100.3 29.6 101.5 48.3 - 157.5

Moderate Physical Activity (min.) 19.5 10.6 21.0 6.5 - 38.0 13.5 6.9 10.1 6.5 - 27.3 0.137 16.6 9.4 13.8 6.5 - 38.0

Vigorous Physical Activity (min.) 13.7 16.1 5.5 1.5 - 43.0 5.7 3.6 4.5 1.5 - 14.0 0.689 9.9 12.3 5.5 1.5 - 43.0

Moderate to Vigorous Physical Activity (min.) 33.3 25.4 23.3 8.3 - 74.8 19.2 10.0 15.8 10.5 - 41.3 0.320 26.5 20.5 17.3 8.3 - 74.8

Average Wear Time (min.) 336.4 46.1 335.0 222.0 - 425.0 385.6 89.3 370.5 276.0 - 515.0 0.225 360.0 73.1 342.0 222.0 - 515.0

Baseline - Time 2 Difference (n = 19)

Sedentary Behavior (min.)* -24.2 62.2 -27.5 -131.0 - 72.8 32.4 33.8 30.8 0.0 - 97.5 0.065 2.6 57.3 3.3 -131.0 - 97.5

Light Physical Activity (min.) 23.9 44.8 14.8 -41.8 - 106.5 2.4 32.5 2.0 -46.8 - 67.5 0.447 13.7 39.9 12.5 -46.8 - 106.5

Moderate Physical Activity (min.)* 8.7 9.1 8.5 -3.8 - 23.5 0.3 10.8 -0.5 -17.3 - 22.0 0.065 4.7 10.5 1.8 -17.3 - 23.5

Vigorous Physical Activity (min.) 4.1 15.1 -0.4 -12.5 - 37.0 -5.4 13.6 0.8 -32.8 - 11.5 0.447 -0.4 14.8 0.8 -32.8 - 37.0

Moderate to Vigorous Physical Activity (min.) 12.8 22.1 8.3 -16.0 - 53.3 -5.0 23.0 -0.8 -50.0 - 33.5 0.156 4.3 23.7 2.8 -50.0 - 53.3

Average Wear Time (min.) 12.4 61.3 -6.5 -64.0 - 122.0 29.8 50.7 38.0 -66.0 - 101.0 0.447 20.6 55.7 7.0 -66.0 - 122.0

Tuesday

TotalControl (n = 10) Intervention (n = 9)
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Appendix L 

After-School Time Spent Sedentary and at Different Intensities of Physical Activity on 

Wednesday (Minutes) 
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After-School Time Spent Sedentary and at Different Intensities of Physical Activity on Wednesday (Minutes) 

  
Note: P-Value is obtained from Wilcoxon Rank Sum Test 

P-value and Effect Size represent difference between Intervention and Control group. 

* denotes significance at p<0.1, results significantly different between Intervention and Control group. 

Measures Mean SD Median Range Mean SD Median Range

Effect 

Size P Mean SD Median Range 

Baseline (n = 32)

Sedentary Behavior (min.) 205.7 86.5 210.9 62.5 - 339.8 244.4 81.9 227.6 118.0 - 396.0 0.287 225.0 85.1 213.9 62.5 - 396.0

Light Physical Activity (min.) 111.1 32.0 109.3 45.3 - 162.3 95.7 35.2 87.0 33.3 - 173.3 0.138 103.4 34.0 101.8 33.3 - 173.3

Moderate Physical Activity (min.) 20.7 12.4 19.4 3.0 - 44.0 18.5 12.6 14.9 3.5 - 47.5 0.590 19.6 12.4 18.3 3.0 - 47.5

Vigorous Physical Activity (min.) 16.0 14.9 9.6 0.3 - 41.3 14.5 16.1 7.0 0.8 - 50.5 0.669 15.3 15.3 9.4 0.3 - 50.5

Moderate to Vigorous Physical Activity (min.) 36.8 26.4 29.4 7.8 - 85.3 32.9 26.9 19.4 5.0 - 82.5 0.445 34.8 26.3 22.3 5.0 - 85.3

Average Wear Time (min.) 353.6 105.7 361.5 184.0 - 495.0 373.0 108.8 394.5 213.0 - 585.0 0.780 363.3 106.0 385.5 184.0 - 585.0

Time 2 (n = 23)

Sedentary Behavior (min.) 297.6 58.4 305.0 207.8 - 403.5 297.0 95.5 259.5 182.0 - 479.0 0.695 297.3 78.2 286.3 182.0 - 479.0

Light Physical Activity (min.) 108.7 27.8 103.5 71.0 - 160.8 105.5 25.6 103.4 66.0 - 155.3 0.786 107.0 26.1 103.5 66.0 - 160.8

Moderate Physical Activity (min.) 13.5 8.6 11.3 4.5 - 30.5 14.9 6.1 14.0 5.0 - 26.8 0.413 14.2 7.3 13.0 4.5 - 30.5

Vigorous Physical Activity (min.) 5.3 5.9 2.3 0.8 - 18.0 5.4 4.2 4.9 1.3 - 13.3 0.413 5.4 5.0 3.8 0.8 - 18.0

Moderate to Vigorous Physical Activity (min.) 18.8 13.8 13.5 5.3 - 43.8 20.4 9.0 19.5 6.5 - 35.0 0.449 19.6 11.3 17.5 5.3 - 43.8

Average Wear Time (min.) 425.1 45.4 430.0 323.0 - 488.0 422.9 90.8 387.0 341.0 - 585.0 0.379 424.0 71.1 425.0 323.0 - 585.0

Baseline - Time 2 Difference (n = 19)

Sedentary Behavior (min.) 80.1 68.0 91.8 -22.3 - 181.8 70.6 70.6 73.3 -19.3 - 160.0 0.717 76.1 67.3 82.5 -22.3 - 181.8

Light Physical Activity (min.) -6.7 42.0 -3.8 -60.0 - 70.0 16.9 23.0 22.9 -17.3 - 44.3 0.152 3.3 36.5 11.8 -60.0 - 70.0

Moderate Physical Activity (min.) -4.7 16.0 -1.5 -31.5 - 20.3 -8.0 14.4 -5.9 -36.3 - 11.0 0.840 -6.1 15.0 -1.5 -36.3 - 20.3

Vigorous Physical Activity (min.) -6.4 15.7 -3.3 -40.3 - 10.8 -11.9 16.1 -4.8 -37.3 - 3.0 0.492 -8.7 15.7 -3.3 -40.3 - 10.8

Moderate to Vigorous Physical Activity (min.) -11.1 30.7 -4.8 -71.8 - 28.3 -19.9 26.2 -6.9 -58.3 - 3.8 0.717 -14.8 28.5 -4.8 -71.8 - 28.3

Average Wear Time (min.) 62.3 79.5 73.0 -65.0 - 197.0 67.6 78.9 56.5 -31.0 - 186.0 0.778 64.5 77.1 73.0 -65.0 - 197.0

Wednesday

TotalControl (n = 11) Intervention (n = 8)
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Appendix M 

After-School Time Spent Sedentary and at Different Intensities of Physical Activity on Thursday 

(Minutes) 
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After-School Time Spent Sedentary and at Different Intensities of Physical Activity on Thursday (Minutes) 

  
Note: P-Value is obtained from Wilcoxon Rank Sum Test 

P-value and Effect Size represent difference between Intervention and Control group. 

* denotes significance at p<0.1, results significantly different between Intervention and Control group. 

 

 

Measures Mean SD Median Range Mean SD Median Range

Effect 

Size P Mean SD Median Range 

Baseline (n = 31)

Sedentary Behavior (min.) 223.2 52.5 233.3 159.8 - 339.0 236.0 72.7 210.3 155.5 - 422.3 0.830 230.2 63.7 213.5 155.5 - 422.3

Light Physical Activity (min.) 99.3 26.7 98.3 72.3 - 151.5 89.3 28.3 89.0 39.5 - 137.0 0.377 93.8 27.6 95.0 39.5 - 151.5

Moderate Physical Activity (min.) 13.2 9.7 8.9 6.0 - 39.8 12.6 7.1 11.3 2.3 - 32.5 0.597 12.8 8.2 10.5 2.3 - 39.8

Vigorous Physical Activity (min.) 8.9 9.9 4.0 0.5 - 31.0 7.0 8.5 3.3 0.0 - 31.3 0.570 7.8 9.1 3.8 0.0 - 31.3

Moderate to Vigorous Physical Activity (min.) 22.1 17.3 12.6 6.8 - 52.8 19.6 14.4 15.3 3.3 - 63.8 0.799 20.7 15.6 14.0 3.3 - 63.8

Average Wear Time (min.) 344.6 67.9 342.5 247.0 - 515.0 344.8 81.2 338.0 212.0 - 515.0 0.891 344.7 74.2 338.0 212.0 - 515.0

Time 2 (n = 20)

Sedentary Behavior (min.) 205.6 51.7 220.5 113.5 - 269.5 257.3 79.8 244.3 153.8 - 445.5 0.208 236.6 73.1 225.0 113.5 - 445.5

Light Physical Activity (min.)* 102.1 29.0 107.4 36.3 - 132.8 79.5 27.6 76.3 41.0 - 138.8 0.057 88.5 29.7 95.5 36.3 - 138.8

Moderate Physical Activity (min.) 15.7 12.9 11.5 1.3 - 35.0 9.7 6.2 7.1 2.5 - 21.3 0.473 12.1 9.6 7.6 1.3 - 35.0

Vigorous Physical Activity (min.) 12.0 15.5 4.4 0.5 - 42.0 4.8 5.5 3.5 0.5 - 20.0 0.624 7.7 10.9 3.5 0.5 - 42.0

Moderate to Vigorous Physical Activity (min.) 27.7 26.8 15.9 1.8 - 68.8 14.5 10.1 11.3 3.0 - 31.8 0.624 19.8 19.1 11.3 1.8 - 68.8

Average Wear Time (min.) 335.4 37.7 339.5 284.0 - 393.0 351.3 82.1 353.5 207.0 - 515.0 0.734 344.9 67.0 346.0 207.0 - 515.0

Baseline - Time 2 Difference (n = 15)

Sedentary Behavior (min.)* -10.6 68.3 -13.5 -84.0 - 83.0 18.4 47.0 23.3 -61.8 - 77.3 0.456 6.8 56.1 15.8 -84.0 - 83.0

Light Physical Activity (min.) -0.6 60.6 16.9 -115.3 - 59.5 -9.8 25.7 -16.8 -35.3 - 52.0 0.181 -6.1 41.4 -9.0 -115.3 - 59.5

Moderate Physical Activity (min.) 2.8 8.4 1.8 -8.5 - 15.0 -3.1 7.0 -3.0 -11.3 - 9.3 0.224 -0.8 7.8 -1.8 -11.3 - 15.0

Vigorous Physical Activity (min.) 3.0 6.9 1.0 -5.3 - 11.5 -2.6 9.4 -0.5 -21.8 - 10.0 0.328 -0.4 8.7 -0.3 -21.8 - 11.5

Moderate to Vigorous Physical Activity (min.) 5.7 14.7 4.4 -13.8 - 26.5 -5.7 13.8 -4.8 -33.0 - 9.8 0.181 -1.1 14.8 -1.8 -33.0 - 26.5

Average Wear Time (min.) -5.5 59.8 -14.5 -77.0 - 79.0 3.0 62.9 0.0 -92.0 - 130.0 1.000 -0.4 59.6 0.0 -92.0 - 130.0

Thursday

TotalControl (n = 6) Intervention (n = 9)
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