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ABSTRACT 

 

Contemporary American youth fail to meet national recommendations for 

physical activity at alarmingly high rates despite well-established protective effects of 

physical activity on multiple domains of health.  There is an established pattern of 

disparity in physical activity participation whereby girls, those of lower socioeconomic 

status and those of African American and Hispanic backgrounds are less apt to report 

regular physical activity in keeping with national recommendations.  Large scale 

investigations to increase the proportion of highly active youth have yet to realize 

widespread success.  In light of emerging evidence suggesting physical activity levels 

may begin to decline earlier than previously thought, there is a possibility that research 

and intervention efforts to date may have approached the problem of declining activity 

after the risk behavior of inactivity had already been established. 

Despite numerous investigations into factors associated with physical activity in 

youth, many questions remain unanswered.  Among the considerations that are not well 

understood is when physical activity levels begin to decline for at-risk subgroups of 

youth and what modifiable individual, interpersonal and/or environmental-level factors 

are associated with remaining highly active in these populations.  This ecologically-based 

cross-sectional study represents an initial step toward addressing these considerations 

among elementary and middle school students. 

Self-reported primary data were collected from a convenience sample of 321 

public school students from the 4
th

, 6
th

 and 8
th

 grade.  Students represent the racial/ethnic 

and socio-economic groups at greatest risk of not meeting national recommendations for 
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physical activity.  Study questionnaires queried a range of factors believed to be 

associated with physical activity, such as availability of social support, self-efficacy for 

activity, and perceptions of environmental attributes.  In addition, two separate physical 

activity outcome measures were assessed.  Factors associated with physical activity at the 

univariate level (p>0.2) were included in forward stepwise binary regression models to 

predict reporting of high physical activity. 

A significant decrease in the proportion of highly active girls was noted between 

the 4
th

 and 6
th

 grade groups while the proportion of highly active boys did not differ 

significantly between grade levels.  Among 6
th

 and 8
th

 grade students, the difference in 

physical activity between genders was significant with males reporting more physical 

activity than females in each grade level.  Distinct variables were associated with highly 

active students in each grade- and gender-specific regression model.  After controlling for 

all other included variables, high social support was most strongly associated with 

reporting of high activity among girls while for boys in this sample, perceived normal 

weight status was the strongest predictor of high activity.  Among all students, use of 

daily active transport to school was also strongly associated with reporting of high 

physical activity.  Future investigations involving younger students and utilizing 

enhanced, longitudinal designs may provide greater insight into the preliminary findings 

reported in this study. 
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CHAPTER ONE 

BACKGROUND AND STATEMENT OF THE PROBLEM 

 

Epidemiology, the study of the distribution and determinants of disease in a 

human population, has origins in the study of infectious, acute diseases during the 1800s.  

The present day 21
st
 century population faces lower risk of morbidity and mortality due 

to infectious disease than did our predecessors several centuries ago.   Rather, we are 

increasingly at risk of ill-health as a result of lifestyle-related chronic diseases including 

type 2 diabetes and obesity.  While the field of medicine has advanced survival in the 

face of chronic disease through pharmaceutical, surgical and associated medical 

interventions, prevention of chronic disease has also emerged as a leading public health 

need.  Regular participation in physical activity often emerges as a public health 

recommendation to prevent a range of health conditions.  While physical activity 

represents a potentially valuable strategy to support population health, additional research 

to better understand the distribution and determinants of physical activity participation, or 

non-participation, is needed.  This study addresses these considerations among a school-

based population of 4
th

, 6
th

 and 8
th

 grade students. 

 

A. Defining Moderate-to-Vigorous Physical Activity 

Physical activity encompasses all body movements that result in caloric 

expenditure and thus includes those activities considered to be of light, moderate and 

vigorous intensity, as well as lifestyle activities, such as carrying laundry, and episodes of 

planned exertion (Rahl, 2010).  Due to the range of caloric expenditure associated with 
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this broad array of physical activity levels, current public health recommendations 

include specific thresholds for time and intensity, thresholds found to be associated with 

the greatest improvements in health outcomes.  Moderate-to-vigorous activity (MVPA) 

refers to movements with energy requirements at least equivalent to brisk walking 

(approximately 3-4.5 miles per hour pace) while also encompassing more vigorous 

activities such as running and fast cycling (Ward, Saunders & Pate, 2007).  In practical 

terms, the concept of MVPA has been operationalized as including activities requiring  

effort that increase respiratory rate and induce sweating for at least some of the time 

(Youth Risk Behavior Surveillance Survey [YRBSS], 2009).  MVPA is distinct from 

light intensity physical activity (e.g.: stretching or leisurely walking) as well as from 

sedentary behaviors (e.g.: sitting or sleeping) (Ward et al., 2007).   

 

 

B.  Moderate-to-Vigorous Physical Activity and  

Public Health Guidelines for Youth 

Current United States physical activity guidelines for youth, released by the U.S. 

Department of Health and Human Services in 2008, recommend that young people ages 

6–17 participate in at least 60 minutes of physical activity daily.  The recommendation 

further details that the 60 minutes of activity should include muscle strengthening 

activity, such as pushups, and bone strengthening activity, such as jumping rope or 

running, on three days of the week  (US Department of Health and Human Services [US 

DHHS], 2008; Strong et al., 2005).  Beyond the national guidelines, many organizations 

including the American College of Sports Medicine and the American Heart Association 
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have at times produced their own recommendations for physical activity that vary slightly 

from national guidelines (Rahl, 2010).  Despite subtle differences, all activity guidelines 

have in common the goal of encouraging higher levels activity among more of the 

population.  Additionally, existing physical activity guidelines often acknowledge that 

increases in activity, even those falling short of overall time and intensity 

recommendations, may still confer positive health effects for those who are the least 

active at baseline (Rahl, 2010; Haapanen, Millunpalo, Viori, Oja& Posanen, 1996).  

Unfortunately, despite mounting evidence for the positive health effects of frequent 

participation in MVPA, data from the World Health Organization suggest that at least 

60% of the population worldwide do not participate in adequate amounts of physical 

activity, defined as 60 minutes per day for children age 5-17 (World Health Organization 

[WHO], 2009).   

 

 

C.  Trends in Youth Moderate-to-Vigorous Physical Activity 

Among American adolescents, rates of participation in MVPA are exceedingly 

low.  In 2009, only 18% of high school students nationwide participating in the Youth 

Risk Behavior Survey (YRBS) met the national guideline of being physically active at 

least 60 minutes on all seven previous days, a rate mirrored among Philadelphia’s YRBS 

participants (YRBSS, 2009).  Further, although surveillance data indicate little change in 

self-reported MVPA among high school students between 1993 and 2005, opportunities 

for school-based physical activity (e.g.: physical education classes) have declined while 

reported sedentary behavior (e.g.: screen time) have increased (Li, Treuth & Yang, 2010; 
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YRBSS, 2009; Behavioral Risk Factor Surveillance Survey [BRFSS], 2009).  As 

opportunities for activity decline and competing inactive pursuits consume more waking 

hours, finding ways to increase or even maintain MVPA among adolescents has emerged 

as a leading public health problem.  With such a small proportion of the population 

regularly engaging in substantial amounts of MVPA,  it is little wonder that Healthy 

People 2020 includes physical activity objective 3, “Increase the proportion of 

adolescents who meet current Federal physical activity guidelines for aerobic physical 

activity and for muscle-strengthening activity” (Healthy People 2020, 2010).   

 

 

D.  Relationship Between Youth and  

Adult Participation in Physical Activity 

 Given the low rate of participation in MVPA among youth, several lines of 

research have begun to explore the impact current MVPA participation may have on 

subsequent participation in later life.  Most evidence suggests a relationship does exist 

between the current MVPA of youth and future participation.  For example, past physical 

activity behavior, operationalized as baseline MVPA, was found to account for 25-51% 

of the variance in adolescent physical activity at subsequent assessment points (Araujo-

Soares, McIntyre & Sniehotta, 2009).  In another study, data from the National 

Longitudinal Study of Adolescent Health revealed that the vast majority of adolescents 

did not achieve recommended levels of MVPA activity per week, and continue to fail to 

meet MVPA guidelines as adults (Gordon-Larsen, Nelson & Popkin, 2004).  A separate 

longitudinal study designed to identify specific elements of youth activity that might 
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predict subsequent participation showed that participation in structured physical activity, 

and in particular consistent participation in youth sports teams and physical education 

classes, significantly predicted adult physical activity (Telama et al., 2006).  Results from 

each of these studies support the notion that the nature of one’s physical activity 

participation during adolescence has some impact on their future participation.  At the 

same time, recent evidence suggests that MVPA participation is not a fixed construct for 

those in high school, but rather that participation in MVPA can vary over the course of a 

year based on the interaction of a host of factors operating at multiple levels of influence 

including gender, parental education and smoking status (Dunton, Atienza, Tscherne, & 

Rodriguez, 2011).  Taken together, these findings reinforce the importance of 

establishing sufficiently frequent and vigorous physical activity habits in early life and 

indicate a need for research to detect changes in MVPA-related variables such that 

meaningful intervention can be designed and delivered at the appropriate ages to forestall 

age-related MVPA decline. 

 

 

E.  Gender, Race/Ethnicity and Youth Physical Activity 

Historically there are significant disparities in physical activity participation 

between genders and race/ethnicities as well as differences noted by socioeconomic 

status (Rahl, 2010; Sallis, Prochska & Taylor, 2000; Wenthe, Janz & Levy, 2009).  

Specifically, fewer females (48.3%) than males (53.3%) and fewer blacks (42.8%) and 

Hispanics (46.4%) than whites (52.1%) report participating in frequent aerobic activity.  

This includes all forms of activity that increase heart rate and breathing for a sustained 
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period such as running or walking (NHLBI, 2011). Further, frequent aerobic activity is 

reported by fewer individuals in the lowest income group (39.7%) than among the highest 

earners (55.6%) (BRFSS, 2009).  Age-related physical activity declines, particularly 

among adolescent females, have been widely reported.  Pooled evidence from multiple 

sources suggests that on average, adolescents age 9-16 experience an annual decline in 

hours of MVPA per week of 7% with some studies reporting annual decreases in MVPA 

as high as 18% (Dumith, Gigante, Domingues & Kohl, 2010).  While both genders 

experience an age-related decline in physical activity throughout adolescence and 

continuing into adulthood, within any given age group, males report more time spent 

physically active on average than do females (Trost, Owen, Bauman, Sallis& Brown, 

2002; BRFSS, 2009; YRBSS, 2009; Dumith et al., 2010; Pate et al., 2009, Kimm et al., 

2002; Dunton et al., 2011; Wenthe, Janz & Levy, 2009).  For example, while 

approximately one half of adolescent males in all high school grades report participation 

in MVPA on 5 or more days per week, the rate of adolescent females reporting the same 

drops from approximately 50% during 9th grade to less than 30% by 12th grade (YRBSS, 

2009).  Further, time spent physically active begins to decline earlier among females, 

between 9- and 12- years-old on average, than among males, between 13- and 16-years 

old on average (Dumith et al., 2010).  This age-related decline in female physical activity 

is well documented across various studies and trends indicate the greatest physical 

activity declines among non-White adolescents (Dumith et al., 2010; Pate et al., 2009, 

Kimm et al., 2002; Ransdell, Dratt, Kennedy, O’Neill & DeVoe, 2001; Ransdell et al., 

2003; Ward et al., 2007; Rahl, 2010; Trost et al., 2002; Webber et al., 2008; Stevens et 

al., 2005; Sallis et al., 2000).  The precipitous decline in physical activity among 
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adolescent females was quantified in results from the National Heart, Lung, and Blood 

Institute Growth and Health Study.  This longitudinal study documenting the physical 

activity changes among 2399 girls, studied from age 9/10 years of age until 18/19 years 

of age, showed habitual leisure time physical activity declined by 100% among black 

girls and 64% among white girls (Kimm et al., 2002).  Further, by age 17 years of age, 

56% of black and 31% of white girls reported no habitual leisure time physical activity at 

all (Kimm et al., 2002).   These data provide justification for further exploration of 

factors associated with this marked change in physical activity among adolescent 

females. 

Until recently, physical activity was believed to remain constant throughout 

childhood before declining during adolescence.  Newer evidence suggests physical 

activity levels begin to fall off before adolescence for both girls and boys (Basterfield et 

al., 2011).  For example, in a 2-year longitudinal study of European children, Basterfield 

and Colleagues reported decreases in both total volume of physical activity and time 

spent in MVPA in addition to increased sedentary time among children from age 7 and 9 

years old (2011).  Decreased physical activity was most striking among girls and among 

those children with the highest BMI at baseline (Basterfield et al., 2011).  Study of still 

younger children, while limited, has produced mixed results with some evidence 

suggesting time spent in MVPA is still increasing in early elementary school (Reilly et 

al., 2004) while others have described declining MVPA for many students with marked 

gender disparity in achievement of MVPA already emerging in the early school-age years 

(Nyberg, Nordenfelt, Ekelund, Marcus, 2009; Janz et al., 2009).  For example, 

accelerometry-based MVPA study of 5-year-olds indicated fewer girls than boys in the 
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highest quartile of MVPA while girls outnumbered boys in the lowest quartile of MVPA 

by more than a two to one ratio (Janz et al., 2009).  Similarly, Nyberg and colleagues 

report less time in MVPA among females than males at each age between 6- and 10-

years-old as well as overall decreases in MVPA across this age range (2009).  Further, a 

recent review did not discern any clear association between gender and MVPA among 

middle school age students leading authors to suggest that gender differences in MVPA 

may decline with age (Craggs, Corder, van Sluijs & Griffin, 2011).   

Taken together these data cast doubt on previous assumptions that time in MVPA 

was consistent across childhood until the start of adolescence and that male and females 

achieved MVPA at similar rates in childhood.  However, current evidence includes 

inconsistent study outcomes among younger children and a lack of evidence on the 

physical activity habits for those groups at high risk for insufficient activity in later life, 

including lower income, urban and diverse populations.  This suggests a need for 

additional research to clarify the nature of MVPA participation among pre-adolescents on 

the whole as well as to explore the onset of gender disparity in achievement of MVPA 

standards prior to adolescence. 

 

F.  The Ecological Model 

The ecological model as currently used in health promotion has grown out of the 

work of Brofenbrenner in the 1970’s.  Prior to this time, much of the research exploring 

health behaviors and health outcomes was directed toward individual-level factors.  A 

critique leveled against this body of literature suggested a focus solely on the individual 

ignored outside influences on individual behavior and health and in turn, blamed the 
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victims of poor health unnecessarily.  In contrast, an ecological perspective implies 

reciprocal causation between the individual and the environment and provides a multi-

layered framework for study of health behaviors (Sallis & Owen, 2002).  The work of 

Winnett and colleagues brought the use of an ecological perspective from psychology to 

public health and health promotion in the 1980’s and during the same time period an 

ecological model of health behaviors was proposed (Winnett, King & Altman, 1989; 

McLeroy, Bibeau, Steckler & Glanz, 1988).  Over time, various iterations of ecological 

models have been utilized in both research and practice but they have in common 

consideration of multiple levels of influence including those acting on a personal level, 

sometimes termed individual-level or intrapersonal factors; those acting between people, 

typically referred to as interpersonal factors; and those operating in the broader 

environment including organizational characteristics of a school or workplace, 

community-level factors and policy influences collectively referred to as environmental 

influences (Sallis & Owen, 2002).  Figure one depicts the levels of influence incorporated 

by the ecological model. 
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Figure 1.  A Visual Depiction of the Ecological Model 

 

                   (www.culturegenderhealth.blogspot.com) 

 

Using an ecological perspective health behavior, in this case MVPA, can be 

studied in a multi-dimensional and comprehensive manner.  Factors impacting physical 

activity participation at the individual level, interpersonal level, and environmental level 

are each considered both for their individual contribution as well as for their interactive 

influence on MVPA.  At the individual level, personal attitudes and perceptions are 

considered.  In the case of MVPA this might include assessment of enjoyment of MVPA.  

The interpersonal level allows for assessment of peer or familial influence and social 

support for physical activity.  The environmental level includes factors external to an 

individual that may still influence health behavior.  In the case of MVPA, environmental-

level influences might include availability of physical activity facilities or access to sports 

teams.  A recent review of youth-specific physical activity research highlighted the lack 

of multidimensional research as a weakness within the existing evidence base (Craggs et 
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al., 2011).  Therefore, conducting an ecological assessment specifically focused on 

MVPA participation can provide valuable insight into this understudied area. 

Multidimensional research focused on the MVPA of youth is of particular value given the 

insufficient attainment of current public health recommendations by many adolescents 

and particularly by females. 

 

 

G.  Summary of Proposed Study and Research Questions 

The proposed study will provide unique, comprehensive data on factors 

associated with physical activity participation among upper elementary and middle 

school students.  The primary goal of the proposed study is to assess current levels of 

physical activity participation among students and to explore predictors of participation 

in high levels of physical activity. Although the existence of gender and age disparity in 

physical activity levels among older adolescents has been well documented, less well 

understood are the variables that account for these differences as well as the age of onset 

of the disparity in physical activity. This study is designed to extend current knowledge 

regarding youth participation in physical activity in three ways.  First, this cross-sectional 

study will include students from 4th, 6th and 8th grade.  This will determine if the trend 

toward age or gender disparity in MVPA seen among younger European children is 

reflected in this sample of US youth at high risk of insufficient activity.  Second, this 

study will consider a broader range of variables, particularly surrounding environmental-

level influences, than have previously been considered in a single study of subjects this 

age.  Beyond demographic variables, individual variables of interest will include self-
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efficacy for physical activity, body weight status, and enjoyment of physical activity.  

Interpersonal variables will include social support for physical activity and parental 

activity while environmental level variables will include availability of school-based 

physical education, perception of neighborhood safety and aesthetics, walkability, density 

of green space, use of active transport to school and access to physical activity locations.  

Specific variables at multiple levels of influence have previously been correlated with 

physical activity and yet the relative contribution of each of these factors in explaining 

physical activity participation remains unclear to-date.  Third, this study will utilize a 

multi-item measure to query physical activity participation, expanding upon the single-

item measure currently used in surveillance of youth MVPA.  Findings from this study 

are intended to inform both the nature and timing of public health efforts to increase the 

proportion of students meeting national guidelines for physical activity.   Specific 

research questions that will be addressed through this research include the following: 

1) Is there a relationship between student reporting of physical activity using the 

PAQ-C and YRBS measures? 

2)  Does the proportion of students achieving high levels of physical activity 

differ by grade?  The null hypothesis is that the proportions do not differ between 

participating grade levels while the alternative hypothesis is that the proportion of 

students achieving high rates of physical activity differs between groups.   

3) Does the proportion of students achieving high levels of physical activity differ 

by gender?  The null hypothesis is that the proportions do not differ between male and 

female students.   
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4) How well do variables from each level of influence predict participation in 

high levels of physical activity? 

5) What combination of factors at the individual, interpersonal and environmental 

levels predict high levels of physical activity?  This research question is exploratory in 

nature and thus is not associated with a specific hypothesis.  As warranted based on the 

outcomes of the previous two questions, separate models may be constructed by gender 

and/or grade.   
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CHAPTER TWO 

 

LITERATURE REVIEW 

 

The goal of the current study is to provide a detailed assessment of current 

physical activity levels among preadolescent and adolescent students.  This assessment 

will also include an evaluation of correlates of activity levels and identify factors 

associated with high levels of physical activity.  To provide a context for this research, a 

review of the salient literature is provided.  This review will highlight what is known 

surrounding youth MVPA, what is unknown, and what potential relationships with 

physical activity are still being considered. 

 

A. Introduction to Health Effects of Low Levels of Physical Activity 

Participation in low level or no physical activity has numerous health implications 

because of multiple positive health benefits conferred by participation in MVPA.  Strong 

evidence exists demonstrating physical activity’s beneficial impact on overweight and 

obesity, cardiovascular health, bone density, cholesterol, diabetes risk, cancer risk, and 

musculoskeletal health and fitness among both adults and youth (Janssen & LeBlanc, 

2010; US DHHS, 2008; Strong et al., 2005; Rahl, 2010).  Additionally, previous research 

has established associations between increased participation in physical activity and 

improvements in elements of metal health including depression, anxiety and self-concept 

(Strong et al., 2005; US DHHS, 2008).  With respect to cardiovascular health, a dose-

response relationship has been observed where morbidity and mortality decrease as 
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physical activity increases (Bijnen, Caspersen & Mosterd, 1994; Haapenen et al., 1996).  

Among adults, a recent meta-analysis reports reduced risk of cardiovascular mortality 

(35% reduction) and all-cause mortality (33% reduction) among those study subjects 

reporting frequent physical activity relative to those reporting none (Nocon, Hiemann, 

Müller-Riemenschneider, Thalau, Roll & Willich, 2008).  A review of literature about 

physical activity-related health effects is detailed below. 

 

B. Youth-Specific Effects of Physical Activity 

i. Obesity 

Obesity, and in particular abdominal obesity, is a known health risk for adults 

though it can be managed with lifestyle modification.  In their literature review upon 

which current MVPA guidelines were based, Strong and colleagues determined that 30-

60 minutes of MVPA on 3-7 days per week were effective in reducing body fat among 

overweight/obese youth while longer time in MVPA can reduce the percentage of body 

fat among normal weight youth (Strong et al., 2005).  In subsequent research with 

children and adolescents, abdominal obesity has been inversely associated with vigorous 

physical activity but has not been associated with lower levels of physical activity (Kim 

et al., 2009).  A second review also concluded that decreased obesity is associated with 

MVPA but less consistently with participation in lower-intensity physical activity 

(Janssen & LeBlanc, 2010).  Further, those children reporting the least time in vigorous 

physical activity had a four-fold increase in overweight/obesity (Kim & Lee, 2009).  To 

be clear, dietary intake plays a critical role in weight management since even those 

reporting substantial time in MVPA can remain vulnerable to obesity due to dietary 
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excess and accordingly, may remain vulnerable to obesity-related co-morbidities 

including diabetes (Strong et al., 2005; Watts, Jones, Davis & Green, 2005; Nemet et al., 

2003).   That said, MVPA can attenuate risk of developing excess body fat while 

contributing to increases in lean body mass (Strong et al., 2005; Watts et al., 2005). 

 

ii. Diabetes 

 Physical activity improves both glycemic control and insulin sensitivity.  Through 

these mechanisms, regular participation in physical activity has been shown to prevent or 

delay onset of type 2 diabetes while also reducing the incidence of complications for 

those already diagnosed (Rahl, 2010).  Among youth, data from a small intervention 

study with obese adolescents concluded that increased time in MVPA reduced insulin 

resistance, a precursor to type 2 diabetes, even when body composition did not change 

(Bell et al., 2007).  This change is meaningful considering the morbidity and mortality 

associated with diabetes over a lifetime and corroborates prior evidence obtained through 

self-report and cross sectional research designs (Ku, Gower, Hunter & Goran, 2000; 

Nemet et al., 2003). 

 

iii.Metabolic Syndrome 

The 2008 Physical Activity Guidelines for Americans place particular emphasis 

on regular participation in MVPA in order to prevent metabolic syndrome (US DHHS, 

2008).  Metabolic syndrome refers to a combination of cardiovascular risk factors 

including central obesity, high blood pressure, high fasting glucose and high fasting 

triglycerides, which combine synergistically to greatly increase the risk of cardiovascular 
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disease and diabetes (Rahl, 2010; Steele, Brage, Corder, Wareham & Ekelund, 2008).   

Despite use of varied clinical diagnoses that limit comparisons across groups and studies, 

incidence of metabolic syndrome is believed to be increasing among youth (Steele et al., 

2008).  MVPA is believed to contribute meaningfully to a reduction in incidence of 

metabolic syndrome.  Janssen and LeBlanc’s review (2010) concluded there is sufficient 

evidence of a dose-response relationship between MVPA and metabolic syndrome 

although the exact nature of the association, be it linear or curvilinear, is still under 

investigation.  A second review drawing only upon studies with objectively measured 

physical activity concluded that both physical activity and cardiorespiratory fitness are 

separately and independently associated with metabolic risk factors in youth (Steele et al., 

2008).  Together, these summaries support promotion of MVPA as a protective factor 

against onset of metabolic syndrome in youth. 

 

iv. Cardiovascular Functioning and Disease 

Indicators of cardiovascular fitness are positively associated with MVPA, 

particularly with aerobic-based training programs requiring greater than 30 minutes per 

session, 3 or more times per week, at an intensity of approximately 80% of maximum 

heart rate (Strong et al., 2005).  At the same time, the health effects of anaerobic activity, 

such as resistance training, cannot be overlooked.  An 8-week program of resistance 

circuit training measurably improved cardio respiratory fitness in adolescents suggesting 

multiple forms of MVPA can positively impact fitness (Bell et al., 2007).   

Although some studies have considered changes in cardiovascular fitness as their 

own end point, linking improved cardiovascular functioning to improved health outcomes 
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provides a more compelling support for the value of MVPA.  Despite clear associations 

between MVPA and markers of both cardiovascular fitness and cardiovascular disease 

among adult populations, the volume of comparable evidence specific to adolescents and 

children remains relatively small.  In their landmark review of the literature, Strong and 

colleagues concluded that current evidence does not support a link between MVPA and 

maintenance of healthy blood pressure in youth (Strong et al., 2005). More recently a 

review of emerging literature came to a different conclusion reporting that the majority of 

observational studies have found, among both males and females, youth in the lowest 

quartile of fitness were more likely to be hypertensive than were youth in the highest 

quartile of fitness (Janssen & LeBlanc, 2010).  Further, pooled experimental evidence 

demonstrates a large and significant decreased in systolic blood pressure following an 

experimentally prescribed aerobic training program requiring 60-180 minutes of activity 

per week (Janssen & LeBlanc, 2010).  Anaerobic-based training, in contrast, did not 

consistently improve blood pressure readings (Janssen & LeBlanc, 2010).   

MVPA does appear to have a protective effect on other markers of cardiovascular 

functioning beyond blood pressure (Strong et al., 2005).  In their review of the impacts of 

MVPA on the health of adolescents, Watts and colleagues concluded MVPA increases 

vasculature, thereby decreasing long term atherosclerotic risk (Watts et al., 2005).  

Similarly, another study found that even among 10-year old children, increased body 

mass and poor cardio respiratory fitness are associated with arterial stiffening known to 

be indicative of cardiovascular disease over time (Sakuragi et al, 2009).  Although a 

recent review couldn’t substantiate the impact of anaerobic training on blood lipids and 

cholesterol in youth, those youth exhibiting the lowest cardiovascular fitness were at 
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increased odds for high cholesterol and poor blood lipid profiles relative to their more fit 

counterparts (Janssen & LeBlanc, 2010).  Further, aerobic training has produced 

decreases in at least one blood lipid as well as improvements in cholesterol levels 

following experimental intervention (Janssen & LeBlanc, 2010).   

 

v. Bone Density & Physical Injury 

While substantial effort has been invested in clarifying the relationship between 

MVPA and improved health, much less evidence has been produced to elucidate the role 

MVPA plays, or may play, in detrimental health processes such as injuries (Evenson & 

Mota, 2011).  Although several studies have documented increased risk of injury among 

more physically active youth, these studies are challenged by methodological limitations 

that prevent comparisons across all populations of youth including both active and 

inactive individuals (Janssen et al., 2010).  Considering the array of existing evidence, 

Janseen and LeBlanc (2010) suggest evidence for a positive association between 

participation in MVPA and risk of injury.  In contrast, other studies point to an 

exceedingly low risk of injury during school-based physical education classes and 

supervised after school programs (Strong et al., 2005).   

Adolescence is a critical period for bone development and weight-bearing 

physical activity is believed to be as important as diet in achieving optimal bone mass 

(Rahl, 2010).  Strong’s review highlighted a positive effect on skeletal health associated 

with physical activity programs ranging from 10-60 minutes in duration and occurring 2-

3 days/week (Strong et al., 2005).  Further evidence suggests that spending 10 minutes on 

2-3 days per week in high intensity activity, when combined with additional weight-
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bearing aerobic activity, improved bone mineral density (Janssen & LeBlanc, 2010).  

Encouragingly, regular participation in MVPA among youth enable the increased bone 

density gained during this period to be maintained even when physical activity has been 

discontinued (Rahl, 2010). 

 

vi. Academic Performance 

Associations between academic performance and participation in MVPA are 

generally believed to be positive for adolescents (Etnier et al., 1997;Strong et al., 2005; 

Trudeau & Shepard, 2008; Kristjansson et al., 2010; DeBate, Gabriel, Zwald, Huberty & 

Zhang, 2009) although this finding is not universal (Daley & Ryan, 2000).  The frequent 

use of cross sectional research designs in studies assessing both MVPA and academic 

performance limits the opportunity to draw conclusions about the relationship between 

these variables.  This challenge is further exacerbated by the small effect size found in 

some studies (Etnier et al., 1997) and suggestions that it is not academic performance but 

rather an intermediary, such as concentration or classroom behavior that is positively 

impacted by physical activity (Taras, 2005; Trudeau & Shepard, 2008).  Despite these 

methodological concerns, research findings indicate reallocation of up to one hour per 

day of curricular time to physical activity does not detract from academic performance 

and may in fact contribute to measurable gains in academic performance (Trudeau & 

Shepard, 2008).  Thus, dedication of the recommended one hour-per-day to MVPA-

related pursuits would likely be at worst a neutral influence and at best a positive 

influence on the overall school performance of adolescents. 
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vii. Mental Health 

Reviews assessing the role of MVPA on mental health constructs, including 

depressive symptoms, have noted methodological variation in existing studies as a 

limiting factor in this assessment (Strong et al., 2005; Janssen & LeBlanc, 2010).   That 

said, existing evidence suggests measures of both anxiety and depression improve as 

MVPA increases, although a wide range of effect sizes have been noted in these 

relationships (Strong et al., 2005; Janssen & LeBlanc, 2010).  With respect to suicide, a 

recent longitudinal study of adolescents found participants in sports reported suicide 

ideation at lower rates than did non-participants while those dropping out of sports 

between middle and high school experienced a two-fold increased risk of suicide risk 

(Johnson & Taliaferro, 2011).  In a case-control analysis of adolescents and young adults, 

physical activity participation conferred a two-fold decreased risk of recent suicide 

attempt (Simon, Powell & Swann, 2004).  Generally speaking, experimental studies 

utilizing objectively measured physical activity have produced stronger support for the 

positive role MVPA plays in mental health than have observational studies and all studies 

utilizing self-report MVPA (Janssen & LeBlanc, 2010).   

Domains of self-concept including sport competence have been considered for 

their relationship to MVPA participation.  Again, while evidence is varied, the totality of 

existing data suggest a moderate positive association between MVPA and self-concept 

(Strong et al., 2005; DeBate et al, 2009).  Together, these pieces of evidence provide 

support for the protective effect physical activity has on elements of mental health. 

 In summary, existing evidence on youth-specific physical activity suggest 

physical activity participation confers a positive impact on multiple domains of health 
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and functioning.  Understanding that participation in physical activity is widely 

beneficial, several avenues of research have begun to examine factors associated with 

youth physical activity participation acting at the individual, interpersonal and 

environmental level of influence.  The available literatures are reviewed below.  

 

C. Review of Individual-level Factors and MVPA 

i. Demographics 

Individual-level influences on health behavior are widely studied.  The individual-

level factors of age, gender and race/ethnicity were highlighted earlier in the review of 

trends in MVPA in youth.  Briefly, findings consistently demonstrate less MVPA among 

girls relative to boys as well as an inverse relationship between MVPA and age (Dumith 

et al., 2010).  Additionally, achievement of sufficient MVPA is highest among White 

versus non-white youth (BRFSS, 2009).  Trost and colleagues point out that among all 

factors considered, the individual-level determinants of socioeconomic status and self-

efficacy demonstrated the strongest and most consistent associations with physical 

activity participation in adults whereby a positive relationship exists between SES and 

MVPA (2002).  A summary of youth-specific evidence, where available, is summarized 

below. 

 

ii. Self-Efficacy 

Self-efficacy is defined as “beliefs in one’s capabilities to organize and execute 

the courses of action required to produce given attainments,” (Bandura, 1997, p 3).  In the 

context of MVPA, self-efficacy is operationalized as the confidence an individual has to 
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overcome barriers to participation (Ward et al.,2007).  Although an early review found 

self-efficacy and MVPA to be unrelated in children 12 years old and younger (Sallis et 

al., 2000), newer evidence has consistently reported a positive association between self-

efficacy and MVPA (Trost et al., 2002; Lytle et al., 2009; Araujo-Soares et al., 2011).  

Further, stratification by age of study participants indicates self-efficacy remains 

positively associated with MVPA across a wide range of ages including 10- to-13 year 

old students as well as among adolescents 14 years old and beyond (Craggs et al., 2011).  

Among children younger than 10, significantly less data surrounding self-efficacy and 

MVPA is available and that which does exist does not provide a clear understanding of 

the direction of an association, if any, between the two variables (Craggs et al., 2011).   

 

iii. Body Mass Index 

The majority of studies assessing both MVPA and BMI include BMI as an 

outcome measure.  At the same time, it is conceivable that BMI could independently 

represent a positive or negative impact on MVPA.  Among adults, BMI and participation 

in MVPA have consistently demonstrated an inverse relationship, even after controlling 

for a number of potential confounds including sedentary time, age and gender (Trost et 

al., 2002).  Among children and adolescents, the data are less clear.  A review of 

evidence published in 2000 was unable to discern the relationship between MVPA and 

anthropometry (Sallis et al., 2000).  Among recent research, one study of English 

children, found longitudinal decreases in achievement of MVPA from age 7 to age 9 are 

greatest in children with higher initial BMI scores (Basterfield et al., 2011). At the same 

time, a summary of related research concluded no association exists between 
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anthropometry and MVPA among 10-13 year olds and determined evidence was 

inconclusive among younger students (Craggs et al., 2011).  There is some evidence to 

suggest that it is not merely BMI but rather perceived weight status that influences 

MVPA participation, which could explain some of the discrepancy between studies 

(Brener, Eaton, Lowry & McManus, 2004; Lenhart, Daly & Eichen, 2011).  However, 

consideration of perceived weight status has not been frequently assessed within MVPA-

based studies and is particularly lacking among students in elementary and middle 

school. 

 

iv. Additional Health Risk Behaviors 

A number of health risk behaviors including use of tobacco and alcohol have been 

considered for their potential impact on MVPA participation, ultimately yielding 

conflicting results.  One review suggests smoking and alcohol use were unrelated to 

physical activity behavior in adolescents (Sallis et al., 2000).  Similarly, among both 

adolescents and adults, a healthy diet was not found to be a consistent determinant of 

physical activity behavior (Sallis et al., 2000; Trost et al., 2002).  Among children age 12 

and under, smoking, alcohol use and overall calorie intake were unrelated to physical 

activity but a healthy diet was positively linked with physical activity (Sallis, Prochska& 

Taylor, 2000).  Rapidly assessing the quality of a healthy diet is challenging in many 

research settings and is perhaps one reason why dietary habits are not included among 

many recent studies of MVPA.  Self-report of tobacco use and/or alcohol use is more 

easily obtained and accordingly, has been considered for their impact on MVPA.   In 

contrast to the Sallis review, some more recent evidence suggests that those adolescents 
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who smoke tobacco or use other illicit drugs are less likely to engage in MVPA than are 

non-smoking, non-drug using peers (Paavola, Vartiainen, Haukkala 2004; Verkooijen, 

Nielsen & Kremers, 2008).  Yet, a different longitudinal study of high school students 

concluded both smoking and use of other drugs was ultimately unrelated to MVPA, 

despite use of multiple questions assessing both lifetime history of use as well as recent 

use of tobacco and alcohol (Dunton et al., 2011).  Finally, current associations between 

alcohol, tobacco and/or other drug use and MVPA for children in elementary and middle 

school are unknown, potentially due to a low prevalence of participation in these risk 

behaviors at younger ages.   

 

v. Enjoyment of Physical Activity 

Although it may seem intuitive that one’s attitude toward or interest in MVPA 

would directly influence participation, Sallis’ review (2000) determined that attitudes 

toward MVPA were inconclusively linked to MVPA among children.  This conclusion is 

likely attributable to methodological challenges in the available studies at the time, as 

subsequent research indicates a positive association between enjoyment and participation 

(Motl et al., 2001; DeBate et al., 2009; Dunton et al., 2011).  Specifically, results of a 

year-long study of high school students found that for those initially inactive and of either 

normal or overweight status, adoption of MVPA throughout the year was contingent on 

high enjoyment of physical activity scores at baseline (Dunton et al., 2011).  That said, a 

second review recently concluded again that there was no compelling association 

between attitudes toward MVPA and participation among adolescents and insufficient 

evidence among younger students to reach a conclusion (Craggs et al., 2011).   
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D. Review of Interpersonal-Level Factors and MVPA 

i. Social Support 

Social support for and peer acceptance of MVPA are believed to be important 

correlates of MVPA participation, particularly for adolescent girls.  The collective 

evidence suggests social support and MVPA are positively associated for boys and girls 

as young as 10 years old and remain positively associated beyond age 14 while 

associations between MVPA and social support are not well established in either 

direction prior to age 9 (Craggs et al., 2011).  Further, among girls who maintained daily 

physical activity throughout adolescence, Davison and Jago noted a concurrent increase 

in reported peer support for physical activity (2009).   

 

ii. Influence of Parents and Family 

Parental influence on physical activity habits can be manifest in multiple ways.  

Provision of logistical support such as driving children to and from activities, paying fees 

associated with sports teams or fitness classes is one such way adults can positively or 

negatively influence their children’s attainment of MVPA.    Modeling of physical 

activity habits and provision of emotional support for physical activity are other factors 

influencing physical activity habits that have been studied to date.  A family’s schedule is 

one mechanism through which family may influence MVPA.  Family activity patterns 

and schedules in addition to availability of community-level offerings may contribute to 

findings that the majority of MVPA recorded by young women occurs during after school 



27 

 

hours on weekdays and less activity is recorded during weekend hours (Nyberg et al., 

2009; Lytle et al., 2009).  At the same time, parental modeling of physical activity and 

parent’s personal physical activity habits are not believed to be associated with youth 

MVPA participation, another possible explanation for why weekends contribute 

relatively little to weekly MVPA totals (Craggs et al., 2011).  In contrast, other research 

provides strong support for the association between family/parental influence and 

MVPA.  In one study of 12- to 14-year-olds exploring multiple variables and MVPA, 

family support was deemed the only factor related to all measures of MVPA assessed.  

Results of this study suggest family support explains approximately 10% of the variance 

in adolescent female MVPA (Wenthe et al., 2009).  In other research, although parental 

support for physical activity was found to decline throughout adolescence, where parental 

support was maintained, it had a protective effect against age-related decline in MVPA of 

adolescent girls (Davison & Jago, 2009). Once again, the divergent findings and a lack of 

data for younger students suggests a need for additional inquiry to further explore the 

range of parental/family support on MVPA. 

 Finally, parental education has also been considered in relation to MVPA.  As 

with many factors described thus far, evidence is mixed.  One current study indicates a 

positive relationship between parental education and adolescent MVPA (Dunton et al., 

2011).  Another important study suggests the influence of parental education is only 

salient when comparing high school or less to any amount of higher education, and may 

further interact with MVPA depending on the age and race of the child (Kimm et al., 

2002).  In contrast to parental education, parent’s marital status has consistently been 

found to be unrelated to children’s MVPA (Craggs et al., 2011).  More broadly in public 



28 

 

health research, parental variables such education, race and marital status have, at times, 

been used as a proxy for SES.  Therefore, in addition to the usual methodological 

concerns for a study’s design and choice of measures, the treatment of these measures 

and the assumptions incorporated into analysis make disentangling the role of parental 

demographics on children’s MVPA exceedingly difficult. 

 

E. Review of Environmental-Level Factors and MVPA 

Until quite recently, environmental correlates of physical activity have received 

far less research attention than have factors at other levels of influence.  For example, as 

recently as 2002, the lack of inclusion of environmental-level variables was noted as a 

weakness of physical activity-related research (Trost et al., 2002).  Despite a smaller 

evidence-base, environmental variables such as neighborhood characteristics are believed 

to influence participation in MVPA through many avenues, such as by setting norms and 

expectations about behaviors, by determining access to physical activity facilities and 

available services as well as by establishing rules and regulations.  Therefore, 

environmental-level variables are increasingly being considered for their relationship to 

physical activity participation (Evenson, Scott, Cohen & Voorhees, 2007; Jones, van 

Sluijs, Ness, Haynes & Riddoch, 2010) 

 

i. Location of Residence and Characteristics of the Environment 

Location of residence, largely urban versus rural, has been considered for its 

impact on physical activity participation, ultimately yielding mixed results.  Among adult 

women in the United States, rural residents participated in less physical activity than did 
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urban residents (Wilcox, Castro, King, Housemann & Brownson, 2000; Parks, 

Housemann & Brownson, 2003).  Conversely, another investigator found no relationship 

between adult’s MVPA and place of residence (Sjöström, Oja, Hagströmer, Smith &  

Bauman, 2006) while urban residents reported more sedentary time than did their rural 

counterparts in yet another study (Plotnikoff, Mayhew, Birkett, Loucaides & Fodor, 

2004).  One potential rationale for increased physical activity in urban settings involves 

the use of walking for active transport and walking to and from mass transit stops.  In a 

recent study of the interaction between the built environment and physical activity, urban 

transit commuters were found to walk 10 more minutes per day than did non-transit 

commuters, a significant difference that could meaningfully contribute to attainment of 

sufficient MVPA over the course of a week, provided the walking is at a brisk pace 

(Lachapelle, Frank, Saelens, Sallis & Conway; 2011).  Of course, the equivocal 

associations between MVPA and place of residence suggest active transport does not 

fully explain MVPA behavior by locale among adults. 

With respect to the role location of residence plays in physical activity habits 

among children and adolescents, Sallis and colleagues reviewed the existing evidence and 

were unable to determine the direction of association, if at all, for children while also 

concluding no association between location and physical activity participation existed 

among adolescents (Sallis, Prochska& Taylor, 2000).  Since this time, Liu and colleagues 

conducted analyses on a large sample of U.S. adolescents finding those from rural areas 

were more physically active than those from urban areas (Liu et al., 2008).  Despite an 

impressively large sample size and use of a nationally representative sample, results from 
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Liu’s study must be interpreted with caution because physical activity data was reported 

by parents rather than by adolescents themselves (2008).   

Most recently, a study of physical activity and residence among European 

children concluded rural environments support physical activity in children but not that of 

adolescents while those living in areas with mixed elements of rural and urban land use 

support physical activity in both children and adolescents (Ogunleye et al., 2011).  As 

with much of the physical activity literature, interpretation of findings across these 

studies is challenged by varied assessments of physical activity.  Additionally, many 

studies of urban versus rural residence have considered factors such as sidewalks and 

land use that may have more applicability to urban rather than rural residents (Moore et 

al., 2010).  Still other researchers conclude that the variance in MVPA participation 

between different locations suggests the overall contribution of location in explaining 

MVPA participation is small (Jones et al., 2010).  However, the totality of evidence 

specific to youth suggests the possibility of a complicated interaction of age and location 

in need of additional investigation, particularly among contemporary American children 

for whom MVPA rates are alarmingly low.   

Additional features of a residential location have been quantified in the context of 

the built environment.  “Built environment” refers to resources and infrastructures 

designed to support human activity, such as buildings, roads, parks, and other amenities 

that collectively may serve to enhance or deter physical activity (County Health 

Rankings, 2012).   Efforts to quantify elements of the built environment represent an 

emerging approach to understanding physical activity participation and based on 

currently available data, evidence linking built environment characteristics and 
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adolescent physical activity is mixed.   For example, higher levels of neighborhood 

walkability (Kligerman, Sallis, Ryan, Frank & Nader, 2007; Yan, Voorhees, Clifton & 

Burnier, 2010) and percentage green space (Bedimo-Rung , Mowen & Cohen, 2005; 

Cohen et al., 2006) have been positively associated with adolescent physical activity in 

some studies but not all (Adkins, Sherwood, Story & Davis, 2004). 

Specific neighborhood features including the presence or absence of sidewalks, 

street connectivity, traffic volume, crime rate, and lighting are among those variables 

considered by researchers exploring associations between the physical environment and 

MVPA.  Much of the early research in this area was summarized in the Sallis review that 

concluded no relationship exists between perceptions of neighborhood safety and MVPA 

in children (2000).  Evenson’s work arrived at a different conclusion, determining higher 

MVPA was associated with well-light streets at night and lots of traffic in the 

neighborhood as well as the presence of bicycle or walking trails in the neighborhood 

(2007).  High traffic volume as a promoter of MVPA appears counterintuitive and 

contrasts with some findings (Rahman et al., 2011) but the authors suggest the presence 

of others outdoors may confer a sense of safety and social interaction that draws others 

outdoors as well (Evenson et al., 2007).  That said, concern for traffic safety is an 

important factor to consider in the relationship between MVPA participation and the 

environment (Kerr et al., 2007).  Sprawling neighborhoods where residences are 

separated from work or school sites and community amenities by large, high speed 

roadways present a barrier to MVPA and threat to safety for those attempting active 

transport (Rahman et al., 2011).   
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Concern for personal safety is another factor potentially influencing MVPA.   

Crime was consistently mentioned as a concern among parents of early adolescents and 

cited as a barrier to their children’s MVPA in one qualitative study (Moore et al., 2010) 

while another investigation revealed those girls from 6th and 8th grades agreeing that it is 

safe to walk or jog in their neighborhood were more than twice as likely to be among 

those reporting the most MVPA (Evenson et al., 2006).    A review of the broader 

literature concluded the overall research inconsistently links safety with MVPA (Foster et 

al., 2008).    In general, existing research suggests perceived safety tends to have the 

greatest impact on the MVPA of groups most worried about crime and safety (Foster et 

al., 2008).  

A newly published study expands on this prior work and specifically assessed the 

interaction between perceived safety, individual-level factors, such as self-efficacy, and 

participation in sports among adults (Beenackers et al., 2011).   The results detail a 

complicated interaction between the environmental- and individual-level factors whereby 

a two-fold increase in sports participation was noted among those with a positive attitude 

towards activity only when they also perceived their neighborhood as safe.  In contrast, 

self-efficacy was more predictive of sports participation when the neighborhood was 

perceived as unsafe than when it was perceived as safe (Beenackers et al., 2011).  

Although similar interactions have not been tested among youth to-date, these findings 

provide a rationale for pursuing analysis of MVPA participation across multiple levels of 

influence.   
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ii. Access to Facilities 

Access to facilities for PA has frequently been associated with higher rates of 

participation in MVPA in studies of middle and high school girls (Sallis, Prochska& 

Taylor, 2000) though this has not been true in all studies (Adkins et al., 2004).  Evenson 

and colleagues queried adolescents for access to 14 potential physical activity venues 

including parks, hiking trails and gyms finding that those girls with access to the most 

facilities participated in significantly more MVPA than did girls with the least access to 

physical activity facilities (Evenson et al., 2007).  Other studies have examined the use of 

community facilities such as churches as venues for physical activity, again concluding 

that access was correlated with increased MVPA  among adolescents (Pfeiffer et al., 

2011; Gordon-Larsen, Nelson, Page & Popkin, 2006;  Sallis et al., 2000).  That access is 

positively associated with participation may not be surprising, but access to facilities can 

present a barrier to youth who lack the funds, membership or adult accompaniment to 

utilize a given physical activity location (Moore et al., 2010).  Moreover, while proximal 

distances to facilities may promote activity by use of active transport and the intended 

MVPA upon arrival, middle school parents most commonly cited distance to facilities, 

and the associated cost of transportation, as reasons preventing them from allowing 

children to participate in some physical activity opportunities (Moore et al, 2010).  The 

suggestion of lacking parental transport to facilities as a barrier presented by Moore and 

colleagues contrasts with the conclusion drawn in Sallis’s review that no relationship 

exists between the two factors, again highlighting the inconsistent findings in this 

literature to-date (Sallis et al., 2000).   
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iii. Availability of School-Based Physical Education 

Opportunities for physical activity within the school day can meaningfully 

contribute to the recommended 60 minutes of daily MVPA.  To this end, the National 

Academy of Pediatrics and National Association of School Nurses each recommend daily 

physical education for all students in kindergarten through grade 12 (Taras, 2004).  This 

recommendation is rarely adopted in full.  Although surveillance data indicate overall 

participation in MVPA has remained flat in recent years, opportunities for school-based 

participation through physical education classes have declined (YRBSS, 2009).  Only 

3.8% of elementary schools, 7.9% of middle schools and 2.1% of high schools provide 

daily physical education throughout the full school year (CDC’s SHPPS 2006, 2010).  

Within existing physical education courses, some data suggest time in MVPA represents 

approximately half of the overall class time (McKenzie et al., 2006; McKenzie et al., 

2001).  In one study, objectively-measured MVPA averaged 19 minutes per class (Coe et 

al., 2006).  This may explain why researchers assessing MVPA have detected 

intervention effects in after school hours but not during other time periods including in-

school hours (Lytle et al., 2009; Nyberg et al., 2009). 

 

F. Ecological Model-Based Research 

In outlining their case in support of ecologically-based physical activity 

interventions, Sallis and Owen (2002) suggest reliance on multi-level models such as the 

ecological model may be more effective in influencing behavior change than those 

focusing solely on the individual.  It follows then that research of physical activity 

participation will generate more informative data when drawing upon assessments from 
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level of influence.  In practice however, comprehensive implementation of ecological 

model in adolescent physical activity research is rarely conducted. 

The research team of Giles-Corti and Donovan (2002; 2003) produced important 

early work using ecological-based studies of physical activity participation.  Their work 

utilized cross-sectional survey-based data to consider the relative role of individual, 

social and environmental variables on physical activity participation in adults age 18-59.  

Findings suggest access to a supportive physical environment is necessary but not 

sufficient to achieve recommended levels of MVPA (Giles-Corti & Donovan, 2002).  In 

another analysis, these researchers concluded that the relative contribution of factors at 

each level of influence is equally important in predicting adult participation in walking 

behavior (Giles-Corti & Donovan, 2003).  Together these findings reinforce the notion 

that examining correlates of physical activity participation from a single level of 

influence will generate an incomplete understanding of factors influencing this health 

behavior. 

 

G. Assessment Challenges in Physical Activity Research 

Among many challenges in physical activity-based research, a lack of high quality 

surveillance of MVPA participation at the population level remains constant.  A 

significant deficiency in the literature, as well as in practice, is the lack of measurement 

for, and attention to, muscle strengthening- and bone strengthening-based physical 

activities.  The CDC’s physical activity, described earlier in the paper, call for muscle 

and bone strengthening activity each week and yet the standard public health surveillance 

tools including the Youth Risk Behavior Surveillance Survey (YRBSS) and Behavioral 
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Risk Factor Surveillance Survey (BRFSS) do not specifically inquire about this type of 

activity.  The YRBSS, a national survey of high school students conducted bi-annually, 

asks a single question regarding physical activity (YRBSS, 2009).  The question reads, 

“During the past 7 days, on how many days were you physically active for a total of at 

least 60 minutes per day?”  This single item indicator is considered weak evidence of 

sufficient participation in physical activity by many and does not allow for confirmation 

of muscle strengthening and bone strengthening activities as a part of the 60 minute 

minimum (Sallis & Saelens, 2000; Slater, Green, Vernon & Keith, 1987).  2009 BRFSS 

of adults is similarly flawed (BRFSS, 2009).  Exclusive emphasis on generic time in 

activity rather than time in aerobic activity in combination with strengthening activities 

does not reflect the science used to generate the national activity recommendations and at 

present, there is no way to determine the proportion of individuals across the nation truly 

meeting these targets.  Unfortunately, the weakness of the national surveillance estimates 

of physical activity is not a new phenomenon.  The lack of validated measures to capture 

data pertaining to strengthening, flexibility, weight bearing and sedentary activities, 

although identified by prominent researchers several years ago, has generated little 

progress in surveillance work in the subsequent years (Slater, Green, Vernon & Keith, 

1987; Sallis & Saelens, 2000).   

A further challenge facing all MVPA-based researchers is determining how best 

to capturing and accurately quantifying the time spent in MVPA.  Types of MVPA data 

available typically fall into one of two conditions: self-report or objectively-measured.  

As a general overview, self-report measures of physical activity have the advantage of 

ease of use in large studies, ability to assess the full range of activity options and low cost 
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but are also limited by recall bias, difficulty in remembering, and are frequently of lower 

validity than are objective measures (Sallis & Saelens, 2000; Saunders, Ward & Pate, 

2007; Rahl, 2010).  Conversely, objective measures have the advantage of limiting recall 

bias and have the potential to increase accuracy and precision, but are limited by 

prohibitive cost, are only appropriate to certain types of physical activity and can be 

tampered with intentionally or unintentionally (Saunders, Ward & Pate, 2007; Rahl, 

2010).   Types of self-report measures include self-administered surveys, interviewer-

administered questionnaires, diaries or logs and reports by proxy, used most often to 

attain data on young children (Sallis & Saelens, 2000).  The array of self-report measures 

used in physical activity research is varied between and within populations of interest.  

Specifically, the constructs assessed among children have historically differed from the 

constructs assessed among adolescents and adults while both the size and methodology of 

studies have also varied between age groups (Sallis, Prochska& Taylor, 2000).   

Finally, while the evidence based in MVPA research has grown considerably in 

recent years, it remains an emerging area of research.  Relatively few large-scale, high-

quality studies have generated the majority of salient research in this area, particularly 

among United States youth.  With respect to gender disparity and MVPA, The Trial of 

Activity for Adolescent Girls (TAAG) study team has made significant contributions and 

findings from this study are widely published.  Therefore this body of literature is 

dominated by the measures and methods utilized in this research.  Certainly the well-

established researchers contributing to TAAG and other similar landmark studies have 

significantly advanced understanding of adolescent MVPA.   However, as additional 
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constructs are considered in the future and as measures of these constructs and of MVPA 

itself are further refined, understanding of MVPA is likely to increase.   

 

H. Summary of Literature 

 There is widespread consensus that regular participation in MVPA confers 

numerous health benefits for adolescents.  There is less consensus surrounding the most 

efficient, effective and feasible methods for quantifying physical activity participation 

and as a result, the present literature draws upon a variety of methodologies and 

measures.  To some extent this serves to limit comparison between studies and 

contributes to uncertainty surrounding the nature of some factors believed to impact 

physical activity participation. 

 Although the evidence summarized above highlights factors associated with 

physical activity participation at the individual, interpersonal and environmental level, the 

interactive nature of these factors remains unclear.  Moreover, the nature of factors 

influencing physical activity participation among students as young as 4
th

 grade has yet to 

be comprehensively assessed as the majority of existing evidence is drawn upon high 

school and late middle school-aged students.  This study looks to consider the interactive 

influence of factors at each level of influence such that the constellation of factors 

predictive of high activity can be determined for this sample of diverse youth. 
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CHAPTER THREE 

 

METHODS 

 

Using a cross-sectional study design, elementary and middle school students from 

the Bethlehem Area School District in Bethlehem, Pennsylvania were surveyed for this 

study.  Questions of interest in this investigation include, 1) Does the proportion of 

students achieving high levels of physical activity differ by grade?; 2) Does the 

proportion of students achieving high levels of physical activity differ by gender? ; and 3) 

What combination of factors at the individual, interpersonal and environmental levels 

correlate with high levels of physical activity?   

 

A. Participants 

A total of 321 students including 96 4
th

 graders, 110 6
th

 graders and 115 8
th

 grades 

were asked to complete the 26- question self-report, paper-pencil inventory.  Subjects 

included students from the 4th, 6th and 8th grades enrolled at Fountain Hill Elementary 

School and Broughal Middle School in the Bethlehem Area School District in 

Bethlehem, PA.   The age of participating students ranged from approximately 9-years-

old to 14-years- old.  Total recruitment was expected to be evenly split by gender and 

balanced between each participating grade level.  The Bethlehem Area School District 

falls within the small city census designation and serves a diverse array of students.  The 

racial/ethnic makeup of students within participating schools is approximately 60% 

Hispanic/Latino, 30% Black/African American and 20% non-Hispanic white.  The 
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majority of students within participating schools are from low-income households and are 

eligible for free or reduced price lunch.  All students in eligible classrooms who also have 

documented parental consent and student assent for participation were included in the 

convenience sample for this study. Only those students from self-contained special 

education classrooms and non-English speaking students were excluded from recruitment 

as requested by the school district.   

The desired sample size of 450 students was based upon previous research of past 

week physical activity conducted among youth.  In earlier work, the mean PAQ-C 

activity score ranged from 2.85-3.44 out of 5 for males and 2.56-2.96 out of 5 for 

females.  Standard deviations of the mean activity score averaged 0.77 among male and 

0.71 among female students (Kowalski, Crocker & Donen, 2004).  For the study to have 

80% power and an alpha of .05 with the ability to detect a mean difference of 0.2, 75 

students per group are required.  In anticipation of conducting analyses split by both 

grade and gender, it was anticipated that recruiting at least 150 students per grade, 

comprised of approximately 75 male and 75 female students, will enable adequate power 

to detect a meaningful difference if one exists.  Actual recruitment fell short of these 

goals.  Given the number of students enrolled in the study, splitting the sample by both 

grade and gender would have enabled a power of only 53%.  Therefore in most cases, the 

sample was only split by grade.  Based on smallest group (n=96 4
th

 graders), comparisons 

between grade levels was associated with a power of 86%. 

 

B. Instrument 
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A number of existing resources were identified for use in this study.  The table 

below summarizes key details on validated measures/scales drawn upon for this study 

with additional detail on each to follow in the text.  In addition to items introduced in this 

table, additional questions are also incorporated into the study instrument as detailed in 

the text. 

Table 1:  Summary of Existing Measures Included Within The Survey Instrument 

Name Summary Number of 

Items Within 

Scale for 

Present Study 

Source 

Outcome 

Physical Activity 

Questionnaire for Older 

Children (PAQ-C) 

Rating of frequency and 

intensity of physical activity 

participation during five 

specified periods of the day 

5 Kowalski, Crocker &  

Donen (2004) 

YRBS MVPA Question Days of ≥60 minutes MVPA 1 CDC’s Youth Risk 

Behavior Survey 

(2011) 

Individual Level 

PACES Enjoyment of physical 

activity 

7 Motl and Colleagues 

(2001) 

Self-efficacy for 

Physical Activity 

Perceived competence  and 

ability in physical activity 

8 Dishman and 

Colleagues (2002) 

Interpersonal Level 

Social Support for 

Physical Activity 

Frequency of giving and 

receiving social support for 

physical activity 

9 Sallis and Colleagues 

(2002) 

Environmental Level 

Neighborhood Safety 

and Aesthetics 

Ratings of neighborhood 

characteristics and perceived 

safety 

5 Evenson and 

Colleagues (2006) 

Physical Activities 

Facilities Inventory 

Availability of potential 

physical activity locations 

and willingness to use the 

facilities 

14 Evenson and 

Colleagues (2006) 
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i. Primary Outcome Measure 

The primary outcome, physical activity participation in the last week, was 

assessed via two measures.  First, The Physical Activity Questionnaire for Older Children 

(PAQ-C) was utilized to provide a summary score of physical activity participation and 

classification of students as achieving high, defined as a mean PAQ-C score ≥ 4,  versus 

low activity, defined as a mean PAQ-C score < 4.  This tool has been specifically 

designed for school-based administration with youth in grades four through eight.  The 

PAQ-C is a 7-day recall questionnaire assessing general MVPA levels while also 

providing the necessary brevity and readability to ensure feasibility in the school setting 

(Biddle, Gorely, Pearson & Bull, 2011).   Pilot testing suggests this tool produces 

consistent, test-retest reliability is r= 0.75 for males and r=0.82 for females, and internally 

reliable data, r=0.83 for females and r=0.80 for males, and confers additional 

psychometric properties on par with other self-report MVPA assessment tools.  Further, 

the PAQ-C has demonstrated adequate sensitivity to detect differences in physical 

activity levels between genders (Kowalski et al., 2004; Kowalski, Crocker & Faulkner, 

1997; Kowalski, Crocker & Kowalski, 1997; Biddle et al., 2011; Wenthe et al., 2009).  

The PAQ-C does not specifically provide a complete estimate of the total time spent in 

MVPA or differentiation between time spent in moderate versus vigorous activity.  

Rather, the PAQ-C generates a summary activity score that can be used to differentiate 

those of low versus high activity levels and is considered a strong instrument for 

epidemiological investigations (Kowalski et al., 2004; Wenthe et al., 2009).  The PAQ-C 

was recently considered the best self-report measure currently available and 
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recommended for use in epidemiologic surveillance work with youth across Europe 

(Biddle et al., 2011).   

Consistent with the use of the PAQ-C by the Trial of Activity in Adolescent Girls 

(TAAG) research team, the original 9-item inventory was shortened to include 5-items 

for this study (Evenson et al., 2006).  Items retained asked students to recall past week 

physical activity levels during physical education classes, at recess, right after school, in 

the evenings and during the most recent weekend.  Five possible response options are 

given for each item reflecting a range of participation and intensity from no participation 

(scored a 1) to frequent and vigorous participation (scored a 5).  A mean activity score 

was generated for each student.  Those averaging 4 or above were considered highly 

active while those students with mean activity scores between 1 and 3.99 were considered 

low active.  

The primary PAQ-C questions are preceded by a listing of potential forms of 

physical activity that asks students to recall the approximate number of times each 

activity was engaged in during the past week.  The list is intended to activate the memory 

of study participants in order that their subsequent responses on the PAC-Q might reflect 

the totality of their MVPA participation during the past week (Kowalski et al., 1997a; 

Kowalski et al., 1994).  The recall list has been shortened to include 18 items, removing 

several that were highly unlikely given the location and timing of planned data collection. 

 

ii. Secondary Outcome Measure 

Secondarily, the Youth Risk Behavior Survey (YRBS) question, “During the past 

7 days, on how many days were you physically active for a total of at least 60 minutes 
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per day?” was used.  Responses to this question provided a point estimate to compare the 

sample population to those youth across the nation completing the spring 2011 YRBS as 

well as to establish a relationship between the PAQ-C and YRBS item responses.  The 

YRBS question was included in a recent review of self-report MVPA measures and was 

found to produce moderate validity and reliability and warranted consideration for use in 

future public health surveillance efforts (Biddle et al., 2011).  The YRBS MVPA question 

was also recently used as the sole outcome measure in a study of individual-level factors 

influencing the physical activity behavior of 7- to 11-year-old children, suggesting it can 

be successfully used with children of the age targeted for this study (Wright, 2011).   

 

iii. Individual Level Factors 

1. Demographics & Weight-Related Items 

Demographic data including gender (male/female), age, grade (4
th

, 6
th

 or 8
th

) and 

race/ethnicity (white, black/African American, Hispanic) were collected via self-report.  

Current self-reported height and weight was also be collected.  Combined with age and 

gender and date of birth, these values were intended to enable calculation of BMI-for-age 

values, calculated as weight in kilograms/height in meters
2
, using CDC growth reference 

data (CDC, 2004).  Resulting values were intended to be plotted on age and gender-

specific charts generating a BMI-for-age percentile value used to approximate weight 

status in youth.  As per CDC growth reference data, those with BMI-for-age percentile 

values less than 5 were considered underweight; those with values between 5 and 84.99 

were be considered normal weight; those with values between 85 and 94.99 were 
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considered overweight; and those with values above 95 will be considered obese (CDC, 

2004).   

National Health and Nutrition Examination Survey III (NHANES) results 

established that 94% of youth were correctly classified as normal weight or obese as 

derived from self-reported height and body mass (Strauss, 1999).  The NHANES findings 

further established a strong correlation of self-reported and measured weight with values 

ranging from 0.87-0.94 as well as between self-reported and measured height with 

correlation values ranging from 0.82-0.91 (Strauss, 1999). Where self-report varies from 

measured values, adolescents have tended to overestimate height and underestimate 

weight, with greatest underestimations of weight coming from the heaviest respondents 

(Brener et al., 2004; Morrissey Whetstone, Cummings, & Owen, 2006; Strauss, 1999).  

Thus, BMI values achieved through self-report may be artificially low and would 

conservatively bias any comparisons of overweight and obese versus normal weight 

students toward the null.   

Weight modification intention were assessed with the question, “What are you 

currently doing about your weight?”  while perceived weight status was queried with the 

question, “How would you describe your body weight?”  Each of these questions was 

taken from the Youth Risk Behavior Survey (CDC, 2011).  Overall, this study shares 

many items in common with prior research on adolescent health that have used self-

reported BMI values in combination with YRBS weight perception items (Daniels, 2005; 

Eichen, Conner, Daly, & Fauber, 2010; Neumark-Sztainer, Story, Hannan, Perry, & 

Irving, 2002; Lenhart et al., 2011).  Finally, although commonly used, the interpretation 

of perceived weight is made difficult by the lack of a reference point within the YRBS 
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item, and therefore leaves open the option of comparison to peers, family members, or 

other reference points rather than to medical standards.  In response to the suggestion that 

an objective reference point would be optimal in future work (Brener et al., 2004), 

students were asked a final question, “What do you consider a healthy weight for a child 

your same gender, age and height?” (Godino, Lepore & Rassnick, 2009).  For students 

whose described body weight status matches the BMI derived from the self-reported 

height and weight will be coded as accurately perceiving weight status (1) while all other 

combinations will be coded as inaccurately perceiving weight status (0). 

 

 

2. Self-efficacy 

Self-efficacy was assessed using an eight-item questionnaire developed for use by 

middle school and high school youth by the TAAG research team (Dishman et al., 2010; 

Dishman et al., 2002; Motl et al., 2000; Ward et al., 1997). During validation research, 

the self-efficacy instrument demonstrated strong test-retest reliability (0.84 across two 

weeks) and longitudinal invariance within subgroups in addition to strong factorial 

validity for items within the scale (Dishman et al., 2010).  Questions asked students to 

rate their degree of agreement to a given statement (e.g.: “I can be physically active on 

most days of the week”) on a 3-point scale ranging from disagree (1) to agree (3).  High 

scores indicated greater perceived self-efficacy for MVPA. 
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3. Enjoyment of Physical Activity 

The Physical Activity Enjoyment Scale (PACES) was redeveloped for use with 

adolescents by Motl and colleagues in 2001 and is widely used in research today (Motl et 

al., 2001).  PACES consistently demonstrates strong internal consistency (Cronbach’s 

alpha ranging from 0.85-0.91 across studies) with strong-to-moderate test-retest 

reliability (r=0.75 or greater) (Motl et al., 2001; Wenthe et al., 2009; Davison et al., 

2010).  For this study, the adaptation published by Ward, Saunders and Pate (2007) 

served as the basis for this measure.  In their adaptation, the revised scale uses seven 

negatively worded items (e.g.: “When I am active, I feel bored”) and students rate their 

degree of agreement with each item using a five-point scale ranging from disagree a  (5) 

to agree a lot (1). For the present study, the PACES measure was further modified for use 

with younger students.  Changes included rewording double negatives in order to reduce 

the opportunity for confusion and simplifying response categories to a 3-point scale 

ranging from disagree (1) to agree (3).   The summary PACES score reflects the average 

of all responses.  Higher scores indicate greater perceived enjoyment.  

 

iv. Interpersonal-Level Factors 

1. Social Support 

Social Support for Physical Activity inventory developed by Sallis, Dowda, 

Taylor, Freedson and Pate (2002) and subsequently revised for ease of use with children 

and adolescents will be used (Ward et al., 2007).  The current 9-item measure assessed 

the frequency of giving and receiving social support for MVPA during a typical week and 

asked students to respond on a 3-point scale ranging from never (1) to every day (3).  
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Responses to questions such as, “Do your friends encourage you to do physical activities 

or play sports?” are averaged with higher scores indicating greater social support for 

MVPA. 

 

2. Parental Physical Activity 

One additional item was added at the end of the Social Support for Physical 

Activity inventory in order to assess the influence of parental physical activity on their 

children’s physical activity participation.  The question reads, “How often do your 

parents/guardians participate in physical activities?”  Students will utilize the same 3-

point scale ranging from never (1) to every day (3) in responding to this question.  

Results of this parent-specific question will be considered separately from those in the 

remainder of the social support measure.   

 

v. Environmental Level Factors 

1. Active Transport 

 Use of active transport to/from school was assessed with the question, “How 

many days in the past week did you walk, bike or skate to school?" This item has been 

used previously with adolescents in school-based research and is used separately from 

assessment of the MVPA outcome measure (Evenson et al., 2006).  The number of days 

of active transport was intended for use as a continuous variable.   
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2. Access to Locations 

For their research with 6
th

 and 8
th

 grade girls, the TAAG research team developed 

and validated two survey tools- one assessing access to physical activity facilities within 

their neighborhood and a second assessing perceived safety and aesthetics within the 

neighborhood (Evenson et al., 2006).  The physical activity facilities inventory was 

retained as utilized in TAAG. This measure includes a listing of 14 potential MVPA 

locations (i.e.: martial arts studio, basketball court) and students are asked if they know of 

such a place near their house, scored as a 1, and if they would go there, scored as a 2.  

Previous researchers tallied resulting scores and sorted the resulting value into one of 

three categories: <16, 16-19, ≥20.  During validation research, those girls endorsing 

access to the most location were at increased odds (OR= 2.75; CI= 1.72-4.40) of also 

falling above the median self-reported MVPA value (Evenson et al., 2006).   

 

3. Neighborhood Safety and Aesthetics 

Perceived safety and aesthetics were initially assessed in TAAG with a series of 

questions that conferred reliabilities ranging from 0.34-0.58.  Many of these items were 

dropped from their final statistical model linking safety and aesthetics to MVPA 

(Evenson et al., 2006).  Only those five items retained in the original model were queried 

here and each is scored a 5-point scale ranging from disagree a lot (1) to agree a lot (5).  

Negative items are reverse coded.  Again, a summary score reflecting the average 

response was calculated for use analysis.  Higher scores indicated a more positive 

assessment of the environments attributes. 
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4. Objective Elements of Physical Environment 

The home zip code of each student was entered into GIS software and utilized to 

objectively characterize elements of the physical environment as indicated by previous 

research (Giles-Corti & Donovan, 2002; Giles-Corti & Donovan, 2003; Wenthe et al., 

2009; Vargo, Stone & Glantz, 2011). The built environment measures of green space 

percentage will be estimated from the United States Geological Survey (USGS) National 

Map Seamless Server from the 2006 National Land Cover Database (USGS, 2006) and 

overlaid with zip code spatial data to provide land cover information about the zip codes 

within the participating school district. This allowed for calculation of overall land cover 

variety, representing school district green space percentage at the zip code level. Walk 

Score® walkability estimates for each zip code were obtained (Vargo, Stone, & Glanz, 

2011; Walk Score, 2012). Walk Score® values range from 0 to 100 with higher scores 

indicative of greater walkability (Walk Score, 2012). 

 

5. Availability of School-Based Physical Education 

For the sake of brevity within the survey instrument, availability of school-based 

physical education classes provided at the time of the study was taken from the PAQ-C 

item assessing the intensity of participation in PE classes.  Specifically, one question 

within this inventory reads, “In the last 7 days, during your physical education (PE/gym) 

classes, how often were you very active?”  Those students responding, “I don’t do PE” on 

this item were coded as not having school-based physical education (0) at the time of the 

study while students selecting all other response options were scored as having school-

based PE (1).   
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C. Analysis Plan to Address Study Objectives 

and Related Research Questions 

To begin, all variables were checked for data entry errors, out-of-range responses, 

and normality.  Non-normal distributions were transformed as necessary or subsequent 

analyses were amended to reflect the given distribution.  Demographic characteristics 

describing the sample were generated.  Proportions were reported for dichotomous 

variables while mean and standard deviations summarized continuous variables.   

Sample demographics were reported by grade.   Mean age was necessarily 

different between students at each participating grade level.  In contrast, the distribution 

of gender and race/ethnicity between students at each grade level would ideally not differ 

from each other.   The chi-square test for association (r-by-c table) was conducted to 

check for differences in the proportion of gender and racial/ethnic groups between 4
th

, 6
th

 

and 8
th

 grade respondents.   

Characteristics of the primary outcome measure were evaluated.  The mean for 

each of the five questions constituting the PAQ-C score was calculated for the overall 

sample.   Variation between each question’s mean was explored using one-way between-

groups analysis of variance (ANOVA).  Levene’s test for homogeneity of variance was 

used to determine whether variance exists between the means.  When none was found, 

ANOVA calculations proceeded.  When ANOVA calculations produced significant 

results, indicated by p<.05, Tukey’s post-hoc comparisons were used to determine which 

groups differ significantly from each other.  Effect size for results were calculated using 

eta squared.  When the homogeneity of variance assumption was violated, as indicated by 
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a significant (p<.05) Levene’s test, ANOVA calculations were replaced with use of the 

more robust Welsch’s test for equality of means.  Results of these analyses informed 

interpretation of subsequent results, providing insight into which parts of the day 

contributed more or less physical activity to a student’s overall physical activity 

participation.   

Physical activity participation of the study population was compared to a 

nationally-representative sample of adolescents completing the 2009 YRBS, the most 

recent national data available at the time of the study.   The proportion of students 

reporting 60 or more minutes of MVPA daily was compared using chi-square.  Results 

placed the physical activity habits of the study sample in a broader context, enabling 

them to be characterized as more than, less than or equivalent to youth from across the 

country.  

Upon completion of data cleaning and an initial review of results described above, 

remaining analyses focused on addressing each of the study’s primary objectives and 

related research questions. 

 

 

i. Objective One: Research Questions and Analytic Plan 

The first objective of this study was to compare reporting of student physical 

activity using the YRBS and PAQ-C measures.  The YRBS provides the only national 

surveillance estimate of youth physical activity participation, yet as a single item 

measure, questions surround the nature of responses provided on this measure.  Several 

research questions flow from this objective and each is detailed below. 
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1a.  Is there a relationship between student reporting of physical activity on 

 the YRBS and PAQ-C measures?   

A comparison of student physical activity participation as characterized by the 

YRBS survey question and the PAQ-C inventory were conducted in two ways.   First, 

continuous responses on each of the two measures were assessed for any correlation.  

This addressed the research question, do days of self-reported physical activity increase 

with PAQ-C score? In this analysis, each student’s number of days of at least 60 minutes 

of moderate-to-vigorous activity (YRBS item) was correlated with PAQ-C score using 

Pearson product-moment correlation.  If necessary, the non-parametric Spearman rho was 

be substituted.  In either case, a scatterplot was generated and assessed to ensure linearity.  

The strength and direction of the relationship was reported, as was the percent of shared 

variance between the two measures. 

 

1b.  Is there a difference in the characterization of students as high active 

 using the PAC-Q and YRBS measures?    

Second, the Kappa measure of agreement was used to determine the consistency 

of the YRBS and PAQ-C in classifying students in a dichotomous fashion as highly 

versus low active.  Resulting values of .5 indicated moderate agreement, greater than .7 

indicated good agreement and values above .8 indicated very good agreement. 
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ii. Objective Two: Research Questions and Analytic Plan 

The second objective of this study was to identify any change in physical activity 

participation across participating grade levels.  As detailed earlier, some evidence 

suggests physical activity participation declines throughout adolescence while other 

evidence points to changes in physical among students prior to adolescence.  This study 

addressed these considerations using survey data collected from urban 4
th

, 6
th

 and 8
th

 

grade students and aimed to answer the research questions described below. 

 

2a.  Does the proportion of students achieving high levels of physical activity 

 differ by grade?   

The null hypothesis was that the proportions do not differ between participating 

grade levels.  Highly physically active was defined as a PAQ-C score greater than or 

equal to four.  The proportion of students reporting high physical activity was then 

compared between each grade level using chi-square tests of association.  Significant 

results (p≤.05) would indicate that the proportion of high physical activity between 

grades does vary and thus, the null hypothesis would be rejected. 

 

2b.  Does mean PAQ-C score differ by grade?  The null hypothesis is that 

 mean scores do not vary by grade. 

To begin addressing this question, PAQ-C responses were reviewed.  Mean PAQ-

C scores were generated for each participating grade level by averaging student’s 

reported intensity score for PE classes, recess, after school, evenings and the most recent 

weekend.  Resulting mean scores were compared between grade levels using one-way 
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between-groups analysis of variance (ANOVA).  Levene’s test for homogeneity of 

variance was used to determine whether variance exists between the PAQ-C scores of 

each grade level.  When none was found, ANOVA proceeded.  When ANOVA 

calculations produced significant results, indicated by p<.05, Tukey’s post-hoc 

comparisons were used to determine which groups differed significantly from each other.  

Effect size for results were calculated using eta squared.  As necessary based on a 

significnant Levene’s test (p≥ 0.05) ANOVA calculations were replaced with use of 

Welsch’s test for equality of means.   

 

iii. Objective Three:  Research Questions and Analytic Plan 

 The third objective of this study was to explore the relationship between physical 

activity participation and gender.  As detailed earlier, many studies have shown males to 

engage in more physical activity than females, particularly when subjects were high 

school-age adolescents.  In the case of the present study, participating students were 

younger and while a gender disparity in achievement of high physical activity would not 

be surprising, it also cannot be assumed. 

 

3a.  Does the proportion of students achieving high levels of physical activity 

 differ by gender? 

The null hypothesis was that the proportions do not differ between male and 

female students.  To answer this research question, a 2x2 table was constructed to allow 

comparison of the proportion of highly versus low active students between genders.  

Resulting proportions were compared using chi-square. 
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3b.  Does mean activity score differ by gender? 

The null hypothesis was that the mean activity scores do not differ between male 

and female students.  Mean PAQ-C scores were compared between male and female 

students using an independent samples T-test.  Results were considered significant at 

p<0.05. 

 

iv.  Objective Four: Research Question and Analytic Plan 

The fourth objective of this study was to evaluate the within-level relationships 

between variables and to determine the relative contribution of each level of influence on 

achievement of high physical activity participation.  Several variables were included from 

each level of influence and based on previous research, each can be anticipated to have 

some relationship with physical activity participation.  However, it is also possible that 

different variables within each level of influence may be so closely related as to warrant 

selection of one or more to represent the impact of all variables originally included from 

a particular level of influence.  In order to address this possibility, the following research 

questions were addressed:  

4a.  What is the relationship between each variable considered and 

achievement of high  physical activity? 

1. Univariate Analysis: Individual Level 

The outcome variable for this research question was achievement of high physical 

activity as indicated by a PAQ-C score of at least four.  Independent variables from each 
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level of influence are summarized below and are each evaluated using a series of 2x2 

tables.  

In order to determine the body weight status of participating students, self-report 

height, weight, gender, age, birth year and birth month were combined to determine BMI-

for-age percentiles using CDC growth reference data (CDC, 2004).  Planned comparisons 

included comparing the proportion of highly active students between overweight and 

non-overweight students using chi-square.   

Weight loss intention were characterized by a response of “Trying to lose weight” 

to the question, “What are you currently doing about your weight.”  The proportion of 

high physical activity (yes/no) was compared between those students reporting weight 

loss intention (yes/no) using chi-square.  

Grades in school were considered for any relationship with physical activity.  

Achievement mostly A’s or B’s was to be compared between high and low active groups 

dichotomous fashion using chi-square. 

Self-efficacy for physical activity reflected the continuous outcome achieved by 

averaging each student’s responses to all questions within the self-efficacy for physical 

activity measure.  Higher scores indicate greater self-efficacy.  The mean self-efficacy 

score among those students achieving high levels of physical activity were compared to 

that of those achieving low physical activity using an independent samples t-test. 

Enjoyment of physical activity, determined by the mean PACES score, was 

calculated for each student.  Higher mean values indicated greater enjoyment of physical 

activity.  Student reported enjoyment of physical activity were compared between those 
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students achieving and not achieving high physical activity participation using an 

independent samples t-test. 

 

2. Univariate Analysis: Interpersonal Level 

 Student responses to the Social Support for Physical Activity inventory were 

averaged.  Resulting mean score were compared between those students in the high and 

low physical activity group using an independent samples t-test.   

 Student-reported parental physical activity will be averaged for students in the 

high and low physical activity groups.  Resulting mean scores will be compared between 

groups using an independent samples t-test. 

 

3. Univariate Analysis: Environmental Level 

Each student’s responses to the perceived safety and aesthetics inventory were 

averaged.  Mean score among those in the high active group were compared to those in 

the low active group using an independent samples t-test. 

Days of active transport to school was intended to be treated continuously.  Mean 

days of active transport was compared between those in the low and high physical 

activity groups using an independent samples t-test. 

Responses to the availability of locations for physical activity were tallied for 

each student.  The proportion of students with greater access to facilities, characterized 

by a score of 16 or more, were compared between the high and low active groups using 

chi-square.  
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The home zip code of each student was entered into GIS software and utilized to 

objectively characterize elements of the physical environment.  Density of green space, 

population density and walkability within a student’s home zip code were each be 

considered for their impact on physical activity participation.  Each GIS-generated 

variable will be divided using a median split.  Higher values represent greater availability 

and the proportion of high availabilities will be compared between high and low active 

groups using chi-square. 

 

4b.  How well do variables from each level of influence predict high physical 

activity? 

A separate forward stepwise binary logistic regression model was constructed to 

summarize the predictive value of variables from each level of influence on achievement 

of high physical activity.  Beginning at the individual level, independent variables 

associated (p ≤ 0.2) with high levels of physical activity participation in univariate 

analysis, were then be entered into a forward stepwise binary logistic regression model.  

Multicollinearity was considered.   In the case of high correlation between variables at 

each level of influence, indicated by a bivariate correlation of ≥ 0.7, those highly 

associated variables will be reviewed and one or more were removed to ensure 

appropriate conditions for logistic regression modeling.  Working within each level of 

influence, variables would be individually removed beginning with the variable that 

varied least between highly and low active groups and proceeding from there, removing 

additional variables as needed until the risk of multicollinearity was removed.  Results of 

logistic regression modeling were reviewed to determine goodness of fit of the overall 
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model and the predictive value of the model in addition to the significance of each 

independent variable in the overall model.  This process was then repeated three times, 

creating three models to summarize variables from each level of influence included in the 

study.   

 

v. Objective Five: Research Questions and Analytic Plan 

The final objective of this study was to determine what combination of factors 

best predict participation in high levels of physical activity in this sample of urban 4
th

, 6
th

 

and 8
th

 grade students.  Previous research has found associations between certain factors 

at the individual, interpersonal and environmental levels among certain populations and 

at certain ages.  Despite these inquiries, variation in results is common and few studies 

have assessed variables at all three levels of influence within a single study of elementary 

and middle school students.  The primary research question of interest is as follows: 

5a. What combination of factors at the individual, interpersonal and 

 environmental levels predict high levels of physical activity?   

Following removal of variables in response to multicollinearity as necessary, 

remaining unique, independent variables for all levels of influence associated (p ≤ 0.2) 

with high levels of physical activity participation in univariate analysis, were then entered 

into a forward stepwise binary logistic regression model.  Results of logistic regression 

modeling was reviewed to determine the predictive value of the overall model in addition 

to the significance of each independent variable in the overall model after controlling for 

all other included variables.  This enabled determination of which variables, or 
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combination of variables from all levels of influence, predict high physical activity for 

the study sample.   

Finally, as warranted by results of gender- and grade-specific analyses conducted 

to address objectives two and three (outlined above), the analytic plan for objective five 

was rerun with stratification by gender and grade in order to provide insight into factors 

associated with high physical activity generally, as well as for male versus female 

physical activity and for that of those in differing grade levels.  

 

5b.  Does the variance in high level physical activity explained using a 

 comprehensive ecological assessment differ from the variance explained  by 

 each single level of influence? 

The null hypothesis is that no difference exists in the percentage of variance 

explained by a comprehensive, ecologically-guided model relative to the variance 

explained by any single level of influence.   R
2
 values from the comprehensive model 

were compared R
2
 values from the individual, interpersonal and environmental models 

using t-tests.  Where values in each pair differ significantly, the magnitude of R
2
 was 

considered to determine which model explains more of the variance in reporting of high 

activity.  
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CHAPTER 4 

RESULTS 

A. Restatement of Study Purpose 

 This study was designed to provide unique, comprehensive data on factors 

associated with physical activity participation among upper elementary and middle 

school students.  The primary goal of this investigation was to assess current levels of 

physical activity participation among students and to explore predictors of participation 

in high levels of physical activity among young girls and boys.  Results of this study are 

intended to extend current knowledge regarding age- and gender-based disparity in 

reporting of high activity among diverse urban youth in order to inform the timing and 

nature of efforts to increase physical activity in this population.   

B. Data Cleaning and Preparation 

 With the exception of missing data for height (18% provided no response), weight 

(11.2% provided no response), and zip code (3% provided no response), fewer than 3% 

of cases contained missing data for any of the remaining study variables.  Of these, most 

students were missing responses to three questions or fewer.  Given the infrequency of 

missing data for the vast majority of study variables, the group mean was used to impute 

missing values to ensure that all cases could be considered in all analyses.  Missing data 

was more common for height, weight and zip code variables.  Based on the nature of 

responses available, height and weight variables were omitted from analyses.  Missing 

zip codes were replaced with the zip code of the student’s school.  Further explanation 
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regarding the handling of height, weight and zip code variables is provided later in this 

chapter. 

 

C. Participants 

The study population was drawn from 4th, 6
th

 and 8
th

 grade students within the 

Bethlehem Area School District located in Bethlehem, Pennsylvania.  The assembled 

convenience sample included all students who returned parental consent and student 

assent forms and who also completed a study survey (N=321).  Only self-contained 

special education classrooms and those students in non-English speaking classrooms 

were excluded from the study.   The response rate was 71.1% at the 4
th

 grade level, 

58.5% at the 6
th

 grade level, and 61.2% at the 8
th

 grade level based on eligible student 

enrollment in participating building as of December 1
st
, 2011. 

The demographics of the study sample are displayed in Table 2 with additional 

details on the sample at each grade level displayed in Table 3.  The sample was 

approximately even with respect to gender (52% Female, 48% Male) and grade (4
th

 

grade= 29.9%, n=96; 6
th

 grade= 34.3%, n=110; 8
th

 grade =35.8%, N= 115).  Students 

were allowed to self-identify as being part of one or more racial/ethnic groups and one in 

ten students (10%, N=34) endorsed multiple racial/ethnic groups.  Among the study 

sample, half of all participants reported being of Hispanic or Latino origin (N= 170, 53%) 

while a third of respondents self-identified as African American (N=106, 33%).  Nearly 

one quarter of students were non-Hispanic white (n= 72, 22.4%).  Table 2 summarizes 
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the demographics of student participants in this study. Figure 2 displays the age 

distribution reported by students in this study.   

 

Table 2.  Demographics of the Study Sample

N %

Female 168 52.3%

4
th

 Grade 96 29.9%

6
th

 Grade 110 34.3%

8
th

 Grade 115 35.8%

Black/African American 106 33.0%

Hispanic 170 53.0%

White 72 22.4%

Other 7 2.2%

Multiple Race 34 10.5%

N=321
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Table 3 summarizes the demographic characteristics of the study by grade level.  

Gender distribution did not differ significantly between grades in this sample.  In contrast 

to gender, the distribution of self-reported race/ethnicity within each grade level did vary 

between 4th, 6th and 8th grade groups.  Approximately the same proportion of 4
th

 grade 

participants endorsed each racial/ethnic group while among both 6
th

 and 8
th

 grade 

samples, more students reported being of Hispanic heritage than of white or African 

American ethnicity. 

Table 3.  Characteristics of Study Participants by Grade Level
4th Grade, 

N=95

6th Grade, 

N=110

8th Grade, 

N=115 P

Female 49 (51.0%) 58 (52.7%) 61 (53.0%) 0.954

Black/African American 36 (37.5%) 43 (39.1%) 27 (23.5%) 0.024

Hispanic 34 (35.4%) 68 (61.8%) 68 (59.1%) <0.001

White 31 (32.3%) 17 (15.5%) 24 (20.9%) 0.014

N (%)

 

 

D. Assessment of Outcome Measures 

i. Physical Activity Questionnaire for Older Children 

The Physical Activity Questionnaire for Older Children (PAQ-C) summary score 

was the primary outcome measurement for this study.  Mean PAQ-C score for the full 

sample was 3.23 out of 5 (SD= 0.91).  Table 4 summarizes the mean self-reported 

activity level for the sample as well as the mean score for each item within the PAQ-C.  



66 

 

The middle school students (i.e. 6
th

 and 8
th

 grade) included in this study did not have 

recess in their daily schedule and thus, all 6th and 8th grade study participants were 

coded with the lowest score (1) for the following response, “Sat down (talking, reading, 

doing schoolwork) or I don’t have recess” in response to the question, “In the last 7 days, 

what did you do most of the time at recess?”  

Table 4.  Summary of PAQ-C Component Scores

N
During PE 

Classes
At Recess

Right 

After 

School

During the 

Evening

During the 

Most 

Recent 

Weekend

Overall 321 4.24 (0.94) 2.01 (1.65) 3.36 (1.44) 3.11 (1.40) 3.39 (1.36)

4
th

 Grade 95 4.66 (0.61) 4.42 (0.94) 3.67 (1.35) 3.30  (1.41) 3.64  (1.41)

6
th

 Grade 110 4.22 (0.88) 1.00 (0.00) 3.28 (1.42) 2.92 (1.40) 3.39 (1.32)

8
th

 Grade 115 3.94 (1.01) 1.00 (0.00) 3.18 (1.51) 3.12 (1.41) 3.20 (1.34)

F 18.32 - 3.23 1.92 2.81

P <0.001 - 0.041 0.148 0.062

How often were you very active (out of 5)… Mean (SD)

 

We recognize that choosing not to be active and not having an opportunity for 

physical activity  are different conditions and thus, in order not to artificially lower 

physical activity scores among 6th and 8th grade students, recess was dropped from the 

original 5-item PAQ-C for all students .  Therefore, the primary outcome measure used in 

all remaining analyses was the PAQ-C score resulting from averaging self-reported 

physical activity level during PE, after school, in the evening and during the most recent 

weekend.  The mean 4-item PAQ-C for the full sample was 3.53 out of 5 (SD= 0.98).  

Cronbach’s alpha for the 4-item PAQ-C was 0.75, indicating reasonable internal 

consistency reliability.  The 4-item and 5-item PAQ-C scores are strongly correlated 
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(r=0.94, n=321, p<0.001) and thus, the decision to proceed with the 4-item PAQ-C rather 

than the 5-item measure, while different than anticipated a priori aims, does not 

dramatically alter interpretation of the results.   The mean 4-item PAQ-C was 

approximately normally distributed (skewness= -0.293) and ranges from 1.50 – 5.0.  The 

distribution of the 4-item PAQ-C scores for this sample is displayed in Figure 3.  

Dichotomizing the 4-item PAQ-C score into high active (≥4.0) versus low active (<4.0) 

revealed that 41.1% (n= 133) of the overall sample reported high activity (Kowalski, 

Crocker, &  Donen, 2004).   

 

 

Variation in the sample’s mean score for each item within the 4-item PAQ-C was 

explored using a series of one sample t-tests.  As displayed in Table 5, the sample’s 
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activity score for PE was higher than that of any other activity period throughout the day.  

Mean activity score for PE was significantly higher than mean activity score reported for 

the after school period (T= -10.90, DF=320, p<0.001), evenings (T= -14.47, DF=320, 

p<0.001) and the most recent weekend (T= -11.14, DF=320, p<0.001).  In contrast, 

average score for activity participation right after school and during the most recent 

weekend were not significantly different from each other (T= 0.427, DF= 320, p=0.669).  

Physical activity participation was reported least often during the evening.  The mean 

evening activity score was significantly lower than the activity score for PE as well as the 

activity scores for both after school and the most recent weekend (see Table 5). 

                  

  

Table 5.  Comparison of Mean Activity Scores Between PAQ-C 

Components   

    
Right After School During the Evening 

During the Most 

Recent Weekend 
  

      

    3.36 (1.44) 3.11 (1.40) 3.39 (1.36)   

    t p t p t p   

  

During PE 

Classes     4.24 

(0.94) 

-10.9 <0.001 -14.47 <0.001 -11.14 <0.001 

  

  

Right After 

School     3.36 

(1.44) 

    -3.24 0.001 0.43 0.669 

  

  

During the 

Evening   3.11 

(1.40) 

        3.71 <0.001 

  

  DF= 320, component mean score (SD)           
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The correlations between constructs of the PAQ-C measure are contained in Table 6.  It is 

noteworthy that while all are constructs within the measure are positively correlated with 

each other, the association between activity in PE and at any out-of-school period (i.e.: 

after school, evening or weekend) was consistently lower than the inter-item relationships 

between out-of-school activity periods. 

 

 

ii. YRBS Physical Activity Item 

The physical activity assessment item developed for the YRBS was included as a 

secondary physical activity outcome measure in this study.  Overall, study participants 

reported an average of 3.81 days of  ≥60 minutes of moderate-to-vigorous physical 

activity within the past week (SD= 2.27 days).   The distribution of student-reported days 

≥ 60 minutes of MVPA is displayed in Figure 4.   

Table 6.  PAQ-C Inter-Item Correlation Matrix

Right After 

School
In the Evenings

On the Last 

Weekend

During Physical 

Education Class
0.288* 0.368* 0.256*

Right After 

School
0.565* 0.54

In the Evenings 0.517*

n=321; *p<0.01

Characterization of activity level during the past 7 days…



70 

 

 

This study sample was compared to a nationally representative sample of high 

school students completing the 2009 YRBS, the most recent year for which national data 

are available.  The proportion of respondents meeting the national recommendation for 

activity, defined as ≥60 minutes of MVPA on all 7 days in the past week, was compared 

between the study and national samples using chi-square.  Nationally, 18.4% (n=3,019) 

of high school students reported ≥60 minutes of daily MVPA while in this study, 19.6% 

(n=63) reported the same.  Odds of reporting daily MVPA was no greater among students 

in this sample than among high school students nationally (OR= 0.922, 95% CI: 0.70-

1.22). 
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E. Objective One: Results 

The first set of research questions focused on assessing differences in the 

characterization of student physical activity levels between the primary and secondary 

outcome measures utilized in this study.  The specific research questions, analytic details 

and results are detailed below. 

 

1a.  Is there a relationship between student reporting of physical activity 

using the YRBS and the PAQ-C measures?   

First, days of self-reported ≥ 60 minutes of activity (YRBS item) and the mean 

value achieved on the 4-item PAQ-C were both treated continuously and assessed for a 

relationship using Pearson product-moment correlation.  Preliminary examination of the 

data demonstrated appropriate conditions for correlation including linearity in both 

measures.  There was a strong positive relationship between the continuous YRBS item 

and the summary 4-item PAQ-C scores, (r=0.61, n=321, p<0.001) with higher PAQ-C 

scores associated with more days of  ≥60 minutes of moderate-to-vigorous physical 

activity.   

1b.  Is there a difference in the characterization of students as highly active 

using the PAC-Q and the YRBS measures?    

Second, treating both physical activity measures dichotomously, Kappa measures 

of agreement were used to determine the consistency of the dichotomized YRBS and 

PAQ-C measures in classifying students as highly versus low active.  As indicated with 

previous studies, highly active was defined as a mean score ≥4 on the PAQ-C measure 
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and as ≥5 days of 60 or more minutes of activity using the YRBS item (Kowalski, 

Crocker, & Donen, 2004; Eaton et al., 2010).  The proportion of students characterized as 

low versus highly active on each measure is summarized in Table 7.  Forty one per cent 

of the sample (n=133) was characterized as highly active using the 4-item PAQ-C 

summary score while 38.9% of the sample (n=125) was considered highly active using 

the YRBS physical activity item.   The Kappa Measure of Agreement value of 0.43 

(p<0.001) represents only modest agreement in the classification of students as highly 

active between the 4-item PAQ-C and YRBS measures.  Of the 125 students classified as 

highly active by the YRBS, 85 were also considered highly active based on PAQ-C 

responses.  The sensitivity of the PAQ-C relative to the YRBS in identifying high active 

students was 68%.   Of the 196 students considered low active by the YRBS measure, 

148 were also classified as low active by the 4-item PAQ-C, resulting in 75.5% 

specificity between the measures.  In summary, for this population there was greater 

agreement between the measures of characterizing students as low active than in 

characterizing students as highly active. 

 

No Yes Total

No 148* 48 196

Yes 40 85** 125

Total 188 133 321

Highly 

Active per 

YRBS

Table 7.  Assessing Agreement in Characterization of Students 

as Highly Active

*75.5% agreement between measures in characterization as low active.

**68.0% agreement between measures in characterization as highly 

active

Highly Active per 4-item PAQ-C
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F. Objective Two: Results 

Using the 4-item PAQ-C, the study’s primary outcome measure, the relationship 

between physical activity and grade was explored in order to address two research 

questions.  In the first question, the outcome measure was treated dichotomously and to 

address the second question, the outcome measure was treated continuously. 

 

2a.  Does the proportion of students achieving high levels of physical activity differ 

by grade?   

Figure 5.  Percent of Highly Active Students by Grade
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Two in five students in this sample reported high activity (n=133) in the past 

week, defined as a 4-item PAQ-C score ≥ 4.  The proportion of highly active students in 

each participating grade level is displayed in Figure 5.  The majority of 4
th

 graders 

(52.1%) in this sample were highly active while just over one third of the 6
th

 and 8
th

 grade 

participants reported high activity (36.4% and 37.4% respectively; x
2
=6.43, DF=2, 
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p=0.04).  Using a series of chi-squares, the proportion of students with a mean 4-item 

PAQ-C score of 4.0 or greater was compared across participating grade levels.  Results of 

these analyses are contained in Table 8.  The difference in the proportion of students 

reporting high activity was significant when comparing 4
th

 and 6
th

 grade students (52.1% 

vs. 36.4%; x
2
= 4.53, DF=1, p=0.01) and between 4

th
 and 8

th
 grades (52.1% vs. 37.4%; 

x
2
= 4.01, DF=1, p=0.045).  In contrast there was no discernable difference in the 

proportion of highly active students between the 6
th

 and 8
th

 grade groups (36.4% vs. 

37.4%; x
2
= 0.00, DF=1, p=0.983). 

 

4th Grade X
2
= 4.53 P= 0.033 X

2
= 4.01 P=0.045

6th Grade X
2
= 0.00 P=0.983

X
2
 with 1 DF; 4

th
 gr N= 95; 6

th
 gr N= 110; 8

th
 gr N= 115

8th Grade6th Grade 

Table 8.  Difference in Proportion of Highly Active 

Students by Grade

 

 

2b.  Does mean PAQ-C score differ by grade?  

To test the null hypothesis that self-reported physical activity participation did not 

vary by grade, the mean 4-item PAQ-C score was compared between grade levels using 

one-way between-groups analysis of variance (ANOVA).  Preliminary analyses were 

conducted to ensure conditions were appropriate for ANOVA.  Homogeneity of variance 

was violated (Levene Statistic= 6.38, DF=2, p=0.002) and therefore planned ANOVA 

analyses to explore the impact of grade on 4-item PAQ-C score were replaced with the 
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Robust Test of Equality of Means.  There was a statistically significant difference at the 

p<0.05 level in 4-item PAQ-C scores between groups (Welch’s statistic= 7.001, DF=2, 

p=0.001).  The effect size for the between-group difference in means, calculated using eta 

squared, was 0.04 and falls between a small (0.01) and medium (0.06) effect size (Cohen, 

1998).  Post-hoc tests conducted using Tukey HSD revealed mean PAQ-C scores 

between 4
th

 grade participants (M= 3.81, SD=0.87) and 6
th

 grade groups (M=3.46, SD= 

0.94; p=0.03) as well as between 4
th

 and 8
th

 grade groups (M=3.36, SD=1.08; p= 0.002) 

differed significant.  The mean difference in PAQ-C scores between 6
th

 and 8
th

 grade 

participants was not significant (p=0.747).  Based on the difference in activity levels 

between 4
th

 grade and both 6
th

 and 8
th

 grade, the null hypothesis of no difference between 

grades is rejected. 

 

 

Table 9.  Difference in Mean PAQ-C Score by Grade  

∆ Mean P ∆ Mean P

4th Grade 0.35 0.03 0.45 0.002

6th Grade 0.1 0.75

4th Grade N= 96; 6th Grade, N= 110; 8th Grade, N= 115

6th Grade    8th Grade   

 

 

Additional details on the relationship between grade and continuous PAQ-C 

values are summarized in Table 4 (page 66).  To further explore the relationship between 

grade and physical activity, mean scores for each PAQ-C component were compared 

between participating grade levels.  Table 4 contains average PAQ-C score-by-grade for 
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each item within the PAQ-C measure and depicts the inverse relationship between mean 

component score and grade level for many of these items.  One way between groups 

ANOVA testing demonstrated a significant between-grades difference in reported 

activity during PE (F (2, 321)= 18.32, p<0.001) and during the after school period (F (2, 

321)= 3.23, p=0.042).  Changes between grade levels in student-reported physical 

activity were not significant for evenings (p=0.148) or the most recent weekend (0.062).  

Tukey HSD post-hoc pairwise comparisons are summarized in Table 10.  Notably, in 

contrast to any other activity period queried, student-reported physical activity level 

during PE declined significantly between each participating grade level.  Differences in 

activity during the after school period (p=0.040) as well as during the most recent 

weekend (0.048) were only significantly different when comparing between 4
th

 and 8
th

 

grade samples.   

Table 10.  Change in PAQ-C Component Score By Grade

∆ Mean P ∆ Mean P

4th Grade -0.44 0.001 -0.72 <0.001

6th Grade -0.28 0.042

4th Grade -0.39 0.135 -0.49 0.04

6th Grade -0.1 0.862

4th Grade -0.38 0.125 -0.18 0.62

6th Grade 0.2 0.526

4th Grade -0.25 0.401 -0.44 0.048

6th Grade -0.19 0.512

4th Grade N= 96; 6th Grade, N= 110; 8th Grade, N= 115

During the Evening

During the Most 

Recent Weekend

6th Grade    8th Grade   

During PE Classes

Right After School
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i. Summary 

Physical activity level declined between 4
th

 and 6
th

 grade students in this sample 

but then remained similarly low between 6
th

 and 8
th

 grade students.  The difference in 

activity between grade levels remains significant when the outcome measure was treated 

both continuously as well as when treated dichotomously.  Declines in student-reported 

physical activity between grade levels are most pronounced for school-based PE. 

 

 

G. Objective Three: Results 

The third objective of this study was to explore the relationship between physical 

activity participation and gender.   As before, the outcome measure was first assessed 

dichotomously and then reconsidered in a continuous fashion in order to address the two 

research questions detailed below. 

 

3a.  Does the proportion of students achieving high levels of physical activity 

differ by gender? 

The null hypothesis that the proportion of high active students does not differ 

between male and female students was tested by comparing the proportion of highly 

active students between genders using Pearson’s chi-square.  The proportion highly 

active female students (45/168, 26.8%) and high active male students (88/153, 57.5%) 

differed significantly (x
2
=29.91 df=1, p<0.001).  Odds of reporting high activity when 

male (88/65) versus female (45/123) resulted in a greater than three-fold increased odds 

of achieving high physical activity when male compared to female (OR= 3.70, 95% CI: 
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2.32-5.91, p<0.001).  Therefore, the null hypothesis of no difference in the proportion of 

high activity between genders was rejected among this sample of 4th, 6th and 8th grade 

urban youth. 

To further explore differences in reported physical activity between genders given 

the established differences in activity between participating grade levels, the proportion 

of highly active male and female students were compared. The proportion of boys 

reporting high activity did not differ significantly between 4
th

, 6
th

 and 8
th

 grade groups in 

this study (x
2
= 0.57, DF=2, p=0.751) but did differ significantly between grades among 

girls (x
2
= 14.61, DF=2, p=0.001).  Differences in reporting of high activity between 

genders at each grade level were then compared using chi-square.  Results are 

summarized in Figure 6.  The proportion of highly active 4
th

 grade boys (27/47, 57.4%) 

and girls (23/49, 46.9%) did not differ significantly (x
2
= 0.68, p=0.402).  In contrast, 

among 6
th

 grade students, the proportion of highly active boys (28/52, 53.8%) and girls 

(12/58, 20.7%) was significantly different (x
2
= 11.63, p=0.001).  Similarly among 8

th
 

grade students, more boys (33/54, 61.1%) than girls (10/61, 16.4%) were highly active 

(x
2
=22.59, p<0.001).  Thus, gender disparity in reporting of high activity did not emerge 

until 6
th

 grade in this sample.  Further, the gap between the proportions of highly active 

male versus female students is wider among 8
th

 grade students than among 6
th

 grade 

students.   
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4th gr N= 95; 6th gr N= 110; 8th gr N= 115

Figure 6.  Proportion of Highly Active Students by Grade and Gender 
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3b.  Does mean activity score differ by gender? 

Reconsidering any relationship between physical activity and gender by treating 

self-reported physical activity continuously, mean PAQ-C scores were compared between 

male and female students using an independent samples T-test.   The difference in values 

between male (M=3.81, SD= 0.95) and female students (M=3.27, SD= 0.94) was 

significantly different, t (319)= 5.21, p<0.001.  The magnitude of the mean difference in 

4-item PAQ-C score between groups (mean difference= 0.55, 95% CI: 0.758-0.341) was 

moderate (eta squared= 0.078), indicating nearly 8% of the variance in mean PAQ-C 

score is explained by gender.  Therefore, the null hypothesis of no difference in mean 

activity scores between male and female students was rejected.   

Assessing gender and grade simultaneously using the continuous PAQ-C outcome 

measure, the same between-group differences were found.  Specifically, mean physical 

activity between genders did not differ significantly at the 4
th

 grade level (t (94)= 0.45, 
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p=0.652) but did differ between genders at the 6
th

 grade (t (108)= 3.26, p=0.002) and 8
th

 

grade levels (t (113)= 5.01, p<0.001).  Results of these analyses are summarized in Table 

11. 

Female Male t P

4th Grade 3.78 (0.74) 3.86 (0.97) 0.45 0.652

6th Grade 3.19 (0.90) 3.74 (0.88) 3.26 0.002

8th Grade 2.93 (0.96) 3.85 (1.01) 5.01 <0.001

Table 11.  Differences in Mean PAQ-C Activity Score by        

Grade and Gender

 

 

  

i. Summary 

As a group, males reported more physical activity than did females in this study. 

Among 6
th

 and 8
th

 grade groups, the difference in physical activity between genders was 

significant.  This relationship between gender and activity was robust and remained both 

when the outcome measure was treated continuously and when it was dichotomized. 

 

H. Objective Four: Results 

The fourth objective of this ecologically-guided study focused on assessing the 

within-level relationships between variables in order to determine the relative 

contribution of each level of influence on reporting of high physical activity.  The 

appropriate summary score for each study measure was created and used in assessment of 

physical activity participation. 
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4a.  What is the relationship between each variable considered and 

achievement of high  physical activity? 

The outcome variable for this research question was achievement of high physical 

activity, indicated by a mean 4-item PAQ-C value of at least four.  Working within each 

level of influence, independent variables were summarized below and evaluated for a 

relationship with student-reported physical activity using a series of 2x2 tables. 

 

i. Individual Level 

1. Body Weight Status 

Twenty three per cent of the sample (n=74) did not provide all necessary 

information to calculate BMI-for-age percentile.  Height was omitted by 18.4% of 

students (n= 59) and 11.2% individuals (n=36) did not provide body weight.  Further, 

6.5% of participating students (n=21) declined to provide both height and weight.  Given 

the frequency of missing data required for calculation of BMI-for-age, determination of 

high activity given body weight status could not be determined for this sample.   In lieu 

of the planned analysis, students’ self-described body weight status was used as a proxy 

for current weight status based on previous investigations that have indicated that 

perceived weight status can be more influential on behavior than actual weight status 

(Brener, Eaton, Lowry & McManus, 2004; Lenhart, Daly & Eichen, 2011).  The majority 

of students classified their current body weight as “about the right weight” (68.2%).  To 

address the relationship between excess body mass and physical activity participation, 

those students self-describing as overweight and obese (22.1% combined, n=71) were 

compared to those self-describing as about the right weight or underweight (77.6% 
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combined, n=250).  The proportion of overweight students reporting high activity (15/71, 

21.1%) was compared to the proportion of highly active normal weight students 

(118/250, 47.2%) and the percentage of highly active students was found to differ 

significantly (x
2
=14.36, df=1, p<0.001).  The odds of reporting high activity were higher 

when self-describing as “about the right weight or underweight” than when self-

describing as “overweight” (OR= 3.34, 95% CI: 01.79 – 6.21). 

 

2. Weight Loss Intention 

The distributions of responses to the question, “What are you currently doing 

about your weight?” are displayed in Figure 7.  Thirty nine percent of students (n=124) 

reported trying to lose weight and these students were compared to those endorsing all 

other types of weight modification behaviors.  The proportion of high activity among 

students trying to lose weight (32/124, 25.8%) and those not trying to lose weight 

(54/197, 27.4%) did not differ significantly (x
2
=0.035, df=1, p=0.852).  Therefore, in this 

sample, there was no relationship between weight loss intention and reported physical 

activity level. 
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Figure 7.  Distribution of Student-Reported Weight Modification Intention
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 The relationship between trying to lose weight and physical activity was 

reexamined in a gender-stratified manner to assess the possibility of effect modification 

by gender.  More girls (42.9%, N= 72) than boys (34.0%, N= 52) reported trying to lose 

weight, although the difference was not significant (p=0.130).  Among girls and among 

boys, odds of reporting high activity were no greater when trying to lose weight than 

when not trying to lose weight (Girls: OR= 1.24, 95% CI: 0.62-2.46; Boys: OR= 0.86, 

95% CI: 0.61-1.15). 

 

3. Academic Performance 

Grades in school were considered for any relationship with physical activity level.  

There was not sufficient variation in student-reported grades in school to proceed with 

the planned comparison between the proportion of high activity among students 

achieving mostly A’s or B’s and high activity among those with lower grades.  Achieving 
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Mostly A’s accounted for 43% of the sample (n=138) while those responding Mostly B’s 

represented an additional 48% (n=154).  Taken together, these categories accounted for 

more than 90% of the sample.  Given this distribution, analyses were revised and students 

reporting achieving Mostly A’s were compared to all others for the proportion of highly 

active students in each group.  The proportion of highly active students among those 

reporting Mostly A’s (34/138, 24.6%) did not differ significantly from the proportion of 

highly active students among those earning all other grades in school (52/183, 28.4%), 

x
2
=0.40, df=1, p=0.53. Thus, in this study, no relationship between reporting of mostly 

As and high activity was found. 

 

4. Self-Efficacy 

The self-efficacy for physical activity summary score is a continuous value 

achieved by averaging each student’s responses to all eight questions within the self-

efficacy measure.  In contrast to results achieved in previous research where strong 

internal consistency was noted, the  self-efficacy measure demonstrated marginal internal 

consistency reliability (Cronbach’s alpha= 0.69) in the present study (Dishman et al., 

2010; Dishman et al., 2002; Motl et al., 2000; Ward et al., 1997).  However, removal of 

any single item from the scale did not improve the internal consistency of the measure in 

this sample. 

Mean student-reported self-efficacy for physical activity in this study was 2.58 

out of 3 (SD= 0.38) with higher scores indicating greater self-efficacy for physical 

activity.  Self-efficacy and the 4-item PAQ-C measures were positively correlated 

(r=.399, p<0.001).   Figure 8 displays the distribution of self-efficacy summary scores.  
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Self-efficacy scores were negatively skewed in this sample (skewness=  -1.33) with 

clustering at the high range of values.  

However, despite the distribution, planned comparison of mean self-efficacy score 

between high and low active students using an independent samples t-test was completed, 

owing to the large sample size and the robust nature of the T-test.   A significant 

Levene’s Test (F= 26.92, p<0.001) necessitated use of an independent sample’s T-test 

with equal variances not assumed.  Using this test, mean self-efficacy among high active 

(M=2.76, SD=0.22) and low active students (M=2.52, SD= 0.34) was found to be 

significantly different, t (271.29)= 7.03, p<.0.001).  The magnitude of the difference in 

the means of self-efficacy was large (mean difference= 0.248, 95% CI: 0.198-0.32; eta 

squared= 0.13), whereby highly active students had higher self-efficacy scores. 
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5. Enjoyment  

 The 7-item Physical Activity Enjoyment Scale (PACES) was modified for used in 

this study to quantify students’ liking of physical activity (Motl et al., 2001).  Following 

reverse coding of negatively-worded item, the items within the scale demonstrated 

acceptable internal consistency reliability (Cronbach’s alpha= .765).  Cronbach’s alpha 

could have been improved to 0.80 by removing the item, “When I am active, it frustrates 

me” from the enjoyment scale.  The correlation matrix contained in Table 12 displays the 

relationship between PACES items.  There was a weak positive association between 

mean PACES score and 4-item PAQ-C score, r=0.277, p<0.001. 

 

Table 12.  PACES Inter-Item Correlation Matrix

It is a lot of 

fun

It's no fun at 

all

It makes 

me feel sad

It frustrates 

me

It is 

interesting

I'd rather be 

doing 

something 

else

I feel bored 0.464 0.568 0.261 0.2 0.463 0.453

it is a lot of 

fun

0.601 0.294 0.115 0.547 0.333

it's no fun at 

all

0.477 0.12 0.437 0.487

it makes 

me feel sad

0.297 0.257 0.292

it frustrates 

me

0.083 0.194

it is 

interesting

0.275

When I am active, I feel…
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For this sample of 4
th

, 6
th

 and 8
th

 grade students, mean PACES score was high 

(2.73 out of 3.0, sd= 0.37).  The distribution of mean PACES scores was negatively 

skewed (skewness= -1.97) with clustering at the high end of the score range.  Based on 

the distribution of responses, planned use of the mean PACES score in a continuous 

fashion to enable comparison of enjoyment of physical activity between high and low 

active groups using an independent samples t-test was not appropriate.   Therefore, 

PACES scores were dichotomized into high PACES, defined as 2.73 or above, versus 

low PACES, defined as 2.72 or below.   The cut point was chosen based on the natural 

split in the data as displayed Figure 9.  Fifty nine percent of the sample (n=190) reported 

high PACES scores.   The proportion of highly active students among the high PACES 

(98/190, 51.6%) and low PACES (35/131, 26.7%) groups differed significantly (x
2
= 

18.74, df=1, p<0.001).  Odds of reporting high activity are nearly three fold higher 
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among students with high PACES scores than among those with lower enjoyment scores 

(OR=2.92, 95% CI= 1.81 – 4.72).   

ii. Summary 

The univariate relationships between individual level variables described above 

and reported physical activity level are summarized in Table 13.  Perceiving body weight 

as normal or underweight and reporting high enjoyment of physical activity each 

independently predicted increased odds of reporting high activity.  Additionally, self-

efficacy was significantly higher among high active students.   

OR 95% CI P

Normal Weight* 3.34 1.79 – 6.21 <0.001

Trying to Lose Weight 0.921 0.553 – 1.533 0.852

A’s in School 0.824 0.498 –  1.362 0.529

High Enjoyment* 2.92 1.807 - 4.732 <0.001

Mean 

Difference
95% CI P

Self-efficacy* 0.25 0.179 – 0.317 <0.001

n=321

Table 13.  Univariate Analysis: Relationship Between Individual Level 

Variables and Physical Activity Level
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iii. Interpersonal Level 

1. Social Support 

The mean Social Support for Physical Activity score for the full sample assessed 

on a scale of 1-3 with higher scores indicating greater social support for physical activity, 

was 2.19 (SD=0.40).  Average 4-item PAQ-C and social support were positively 

associated (r= 0.435, p<0.001).  Social support scores were normally distributed as 

displayed in Figure 10 (skewness=  -0.08).  The 9-item scale demonstrated strong internal 

consistency reliability (Cronbach’s alpha= 0.81) in this study. 

An independent samples t-test was conducted to compare mean social support 

values between high and low active groups.  The mean score among high active students 

(M=2.38, SD= 0.34) and low active students (M=2.06, SD= 0.38) differed significantly (t 

(319) =7.85, p<.0.001) with the mean score higher among highly active students.  The 

magnitude in the difference of the means (mean difference= 0.323, 95%CI: 0.242-0.404) 
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is large (eta squared= 0.16) suggesting approximately 16% of the variance in activity 

score can be explained by differences in social support (Cohen, 1988).   

 

2. Parental Activity 

Student-reported parental physical activity was also considered for any 

relationship with reporting of high activity.  Parental activity was measured on a three-

point scale with higher scores indicating more frequent parental activity as reported by 

the student.  Mean student-reported parental physical activity was 1.93 out of 3 (sd= 

0.65) and was normally distributed as displayed in Figure 11 (skewness = 0.07).    

Parental physical activity and student 4-item PAQ-C values were positively correlated 

(r=0.303, p<0.001).   
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Mean parental activity scores differed significantly (t (319) =4.68, p<.0.001) 

between highly active (M= 2.13, SD= 0.63) and low active students (M=1.79, SD=0.63) 

with highly active students reporting a higher mean parental activity score.  The 

magnitude of the difference in mean parental activity between high and low active groups 

(mean difference= 0.335, 95% CI: 0.194 – 0.476) was moderate (eta squared= 0.06) 

indicating 6% of the variance in student activity score is explained by parental physical 

activity (Cohen, 1988). 

iv. Summary 

The univariate relationships between interpersonal-level variables described 

above and reported physical activity level are summarized in Table 14 below.  Social 

support and parental physical activity values were higher, on average, among high active 

than among low active students.  

Table 14.  Univariate Analysis: Relationship Between Interpersonal Level Variables and 

Physical Activity Level (mean and standard deviation) 

 Highly Active 

Students 

n=133 

Low Active 

Students 

n=188 

T P 

Social Support 

for PA 

2.38 (0.34) 2.06(0.38) 7.85 <0.001 

Parental PA 2.13 (0.63) 1.79 (0.63) 4.68 <0.001 

N=321, Mean (SD) 
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v. Environmental Level Variables 

1. Safety and Aesthetics 

Student responses to the perception of neighborhood safety and aesthetics 

measure were also collected and summarized.  The 5-item measure, assessed on a scale of 

1-5 with greater scores indicating a more positive impression of the environmental 

attributes, produced an average score of 3.52 (SD=0.83) across the full sample. Mean 

safety and aesthetics and 4-item PAQ-C were positively, albeit weakly, correlated 

(r=0.231, p<0.001).  Responses to this measure, displayed in Figure 12 were normally 

distributed (skewness= -0.306) yet demonstrated weak internal consistency reliability 

(Cronbach’s alpha= 0.53). 

 

  Removal of any single item within the measure did not improve internal 

consistency and thus, all 5 items within the measure were maintained.  While multiple 

correlations between constructs within this measure are significant, the strength of the 
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correlations are low as shown in Table 15.  Further, the relatively large standard deviation 

in the distribution of the safety and aesthetics summary score suggests substantial 

variance in student responses to these survey items. 

Interesting 

Things to Look At

Exhaust or Other 

Bad Smells

Enough Sports 

Equipment at 

Home

Trails in 

Neighborhood

Safe to Walk or Jog .323
**

.235
**

.119
*

.302
**

Interesting Things to 

Look At
.194

**
.276

** 0.093

Exhaust or Other Bad 

Smells
.113

*
.120

*

Enough Sports 

Equipment at Home

0.078

*. Pearson correlation is significant at the 0.05 level (2-tailed).

n=321

**. Pearson correlation is significant at the 0.01 level (2-tailed).

Table 15.  Safety and Aesthetics Inventory: Inter-Item Correlation Matrix

 

Comparison of mean safety and aesthetics scale scores between high and low 

active students was conducted using an independent samples t-test.  Perceived safety and 

aesthetics among highly active (M=3.73, SD= 0.85) and low active students (M=3.38, 

SD= 0.80) differed significantly (t (319)= 3.73, p<.0.001) with more highly active 

students reporting higher perceived safety and aesthetics compared to low active students.  

The difference in means, 0.345, 95% CI= 0.16 – 0.53, while significant, is quite small 

(eta squared= 0.043) and falls between a small and moderate effect size (Cohen, 1988). 

 

2. Active Transport 

Days of active transport to school was collected with the intention of treating 

student-reported days of active transport continuously in analyses.  Student responses to 

this item were not normally distributed.  Rather, there was a bi-modal distribution with 
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30.8% (n=99) reporting 0 days of active transport within the past week and an additional 

44.9% (n=144) reporting use of active transport to school on each of the 5 previous 

school days.  The distribution of reported days of active transport to school is displayed 

in Figure 13.  Given the non-normal distribution, analyses were revised to better reflect 

the nature of the available data.  Use of active transport was converted into tertiles 

defined as zero days, 1-4 days, or 5 days of active transport to school within the previous 

5 school days. The proportion of highly active students among those reporting zero days 

of active transport (33/99, 33.3%), those reporting 1-4 days of active transport (25/78, 

32.1%) and those with 5 days of active transport (75/144, 52.1%) differed significantly 

(x
2
 12.24, p=0.002).  Pairwise comparisons of the proportion of highly active students 

between each of the three active transport groups are summarized in Table 16.   
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x
2

p x
2

p

0 Days (n=99) 0.033 0.857 8.35 0.004

1-4 Days (n=78) 8.2 0.004

1-4 Days (n=78) 5 Days (n=144)

Table 16. Comparison of the Proportion of Highly Active 

Students Between Each Active Transport Group

 

 The proportion of highly active students did not differ between those reporting 0 

days and 1-4 days of active transport (p=0.857).  In contrast, the proportion of highly 

active students among those reporting 5 days of active transport differed significantly 
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from each remaining group (p=0.004 for each).  Given these results, days of student-

reported active transport to school was dichotomized into 5 days versus 0-4 days.  The 

proportion of highly active students among those reporting 5 days of active transport 

(75/144, 52.08%) and those reporting 0-4 days of active transport (58/177, 32.77%) 

differed significantly (x
2
=12.21, p<0.001).  Odds of reporting high activity were two-fold 

greater when reporting daily active transport (OR=2.23, 95% CI: 1.42-3.51). 

 

3. Physical Education Classes 

Less than 1% of students (n=3) reported not participating in physical education 

classes available at school.  Considering this overwhelming lack of variance in the data, 

availability of physical education classes could not be considered for any relationship to 

student physical activity level as intended.  Therefore, this policy-based environmental-

level variable was not included in subsequent analyses.   

 

4. Availability of Physical Activity Locations 

Fourteen types of physical activity locations were queried in this study and 

students earned up to two points per item, with higher scores reflecting increased access 

to physical activity locations.  Student responses ranged from 0-28, averaging 15.61 (sd= 

5.21).  Following the precedence set in previous research, summary scores were 

dichotomized into high access, defined as a total score ≥20, or low access, defined as any 

score <20 (Evenson et al., 2006).  One quarter of the sample (n=81) reported high access 

to physical activity locations.  The proportion of high activity among high access students 

(43/81, 53.1%) was compared to the proportion of high activity among low access 
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students (90/240, 37.5%).  The difference in proportions was statistically different (x
2
= 

5.44, df=1, p=0.02).  The odds of high activity were greater among high access students 

relative to low access students (OR= 1.89, 95% CI: 1.13-3.13).  

Although the decision was made aprioi to treat access to locations dichotomously 

as described in the previous paragraph, student responses to this measure did follow a 

normal distribution (skewness= -0.239) and allowed for location responses to be used in a 

continuous fashion.  The distribution of access to locations scores are summarized in 

Figure 14.  

  

Total locations score was compared between high and low active groups using an 

independent samples t-test.  Access to locations among high active students (16.73, sd= 

5.74) and low active students (14.82, sd= 5.22) differed significantly (t (319)= 3.099, 

p=0.002).  The difference in means (1.91, 95% CI: 0.70-3.12) was small (eta squared= 
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0.03).  Treating both variables continuously, a weak positive relationship between 

average scores for access to locations and 4-item PAQ-C was noted (r=0.287, p<0.001).  

In summary, access to locations differed significantly between high and low active 

students when used in both a continuous and dichotomous fashion.  Use of the continuous 

value for access to locations was carried forward for use in subsequent analyses so as not 

to lose any sensitivity by adopting a dichotomous outcome. 

The difference in mean activity score between students with high access to a 

given location (e.g. those reporting “I know a place and I would go there”) and those with 

the low access (e.g. those reporting “Do not know a place”) were compared for each 

potential physical activity location queried.  Activity scores were highest among those 

students with high access to a recreation center (4.09), a track (3.82) and a health club or 

gym (3.80).  In the case of each of these physical activity venues, the difference in mean 

activity score between the high access and low access groups was significant (p<0.001 

for each).  The difference between students with high and low access to playing fields  

was also notably large (mean difference= 0.78, p<0.001) and for those students not 

knowing of playing fields near their residence, the activity score was the lowest out of 

any location included (2.92).  Comparisons between high and low access groups for each 

physical activity location are summarized in Table 17.   
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Mean Activity Score Among:    

Access to… High Access Low Access

Basketball 3.65 3.30 0.35 2.04 0.042

Beach or Lake 3.60 3.46 0.14 1.14 0.255

Golf Course 3.68 3.50 0.18 1.41 0.164

Health Club or Gym 3.80 3.19 0.61 4.91 <0.001

Martial Arts Studio 3.75 3.51 0.24 1.83 0.068

Playing Fields 3.70 2.92 0.78 5.50 <0.001

Park 3.56 3.44 0.12 0.44 0.662

Rec Center 4.09 3.34 0.75 7.10 <0.001

Skating Rink 3.72 3.35 0.37 3.17 0.002

Swimming Pool 3.59 3.12 0.47 2.49 0.013

Track 3.82 3.39 0.43 3.57 <0.001

Trail 3.47 3.58 -0.11 -0.83 0.407

Tennis Court 3.54 3.44 0.10 0.78 0.438

Dance or Gymnastics 3.63 3.39 0.24 2.12 0.035

Table 17.  Difference in Physical Activity Based on Access to Specific Physical 

Activity Locations

Mean 

Difference
t p

 

 

5. GIS-Based Variables 

Each study participant’s home zip code was entered into GIS software in order to 

objectively quantify characteristics of their local physical environment.    Three percent 

of students (n=11) did not provide usable zip code information on their surveys.  Of 

these, 8 students provided no response and three students provided an out of range 

response (i.e.: an out of state zip code).  For each of the students with a missing or 

improbable zip code response, the zip code of their school was substituted for their home 

zip code enabling data on each student to be considered for this set of analyses.  

Ultimately, three zip codes were present in the data.  These included 18015 (n=282, 

87.9% of students), 18017 (n=5, 1.6% of students) and 18018 (n=34, 10.6% of students).  
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Students within the 18017 zip code were excluded from GIS-based analyses because the 

sample size within this zip code was not sufficiently large as to enable between-group 

comparisons, thus leaving only two zip codes.  Unfortunately with all students within a 

given zip code sharing the same value for each GIS-based variable, the analytic N for 

these comparisons is effectively just two and therefore does not enable use meaningful 

comparions to be derived between these objectively-generated variables. 

Table 18 contains the value for the three GIS-derived variables for the 18015 and 

18018 zip codes.  While differences are apparent between the zip codes, it should be 

noted that the schools from which students were recruited for this study were located 

within close proximity of each other, separated by less than three miles.   Thus, physical 

attributes of their immediate surrounding neighborhoods may in fact be quite similar, 

particularly for students living close to the boundary between zip codes.   

 

 

The proportion of 

highly active students in the 

18018 zip code (18/34, 52.9%) 

and in the 18015 zip code 

(113/282, 40.1%) did not differ 

significantly (x
2
=1.57, df=1, 

p=0.21).  Therefore, the 

difference in GIS-derived variables at the zip code level in this study will not account for 

any variance in activity because there is no significant difference in activity between the 

18015 18018

n=282 n=34

Walkability (out of 100) 51 78

Population Density per Sq Mi 527.96 2374.44

Percent Green Space 20.2 17.6

n=316

Table 18:  Summary of GIS-Based Environmental 

Variables
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zip codes.  Given the lack of variability in the zip code of students in this study, use of 

the zip code-dependent GIS variables to assess any relationship between the physical 

environment and physical activity level could not be conducted. 

 

vi. Summary 

Each student-reported environmental level variable was independently associated 

with physical activity.  GIS-derived variables, while able to detect differences in the 

physical environment between zip codes represented in this study, were not able to 

account for physical activity level in any manner.  This was due to insufficient variation 

in zip codes among students surveyed and similar physical activity level by zip codes.  

Table 19 summarizes all usable environmental level variables.   

 

Table 19.  Univariate Analysis: Relationship Between Environmental Level Variables 

and Physical Activity Level 

Variable 

Mean (SD) or % (N) 

Highly 

Active 

Students 

Low Active 

Students 

X
2
 / T P 

Perceived safety and 

aesthetics 

3.73 (0.85) 3.38 (0.80) T= 3.73 <0.001 

Daily active transport 52.08% (75) 32.77%  (58) X
2
= 12.21 <0.001 

Access to locations to 

pursue physical 

activity 

16.73 (5.74) 14.82 (5.22) T=3.099 0.002 
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4b.  How well do variables from each level of influence predict high physical 

activity? 

Separate forward stepwise binary logistic regression models were constructed to 

summarize the predictive value of variables from each level of influence on reporting of 

high physical activity.  Within each level, independent variables associated with high 

activity in univariate analysis (p ≤ 0.2) were considered for inclusion in the model.    In 

light of results from objectives 2 and 3 of this study, that established differences in 

physical activity by gender and between 4
th

 and 6
th

/8
th

 grade, gender- and grade-stratified 

models are also presented. 

vii. Within-Level Modeling: Individual Level 

Binary logistic regression was conducted to assess the impact of individual-level 

variables on reporting of high activity.  The three variables significantly associated with 

high activity in univariate analyses significantly were included in the model were 

perceived weight status, PACES score and self-efficacy.  Mean self-efficacy and mean 

PACES score were significantly correlated (p=0.01) but the strength of the relationship 

low (r=0.45).  Therefore, the risk of multicollinearity was low and both variables were 

included in the model in addition to the dichotomous weight status variable.  When all 

three predictor variables were considered, collectively they significantly predicted 

reporting of high activity (x
2
= 61.36, df= 3, p<0.001). Table 20 presents the results of the 

individual-level regression modeling to predict odds of high activity among adolescents.  

The overall model presented in explained between 17.4% (Cox and Snell R square) and 

23.4% (Nagelkerke R squared) of the variance in reported physical activity and correctly 
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classified 66.7% of cases.  Each of the variables included in the model retained a unique 

contribution to the model after controlling for other included variables.  Results indicate 

odds of reporting high activity are greater when perceiving body weight as normal and 

reporting high enjoyment for physical activity.  Odds of high activity also increase with 

higher self-efficacy (aOR= 6.09, 95% CI: 1.68-22.11).  Mean self-efficacy for physical 

activity was the strongest predictor of high activity generating an odds ratio of 7.72 (95% 

CI: 3.22-18.51).    

Among boys, the individual-level model including perceived weight status, self 

efficacy and enjoyment of physical activity significantly predicted reporting of high 

physical activity (x
2
=38.43, df=3, p<0.001).  The model explained between 22.2% (Cox 

and Snell R square) and 29.8% (Nagelkerke R square) of the variance in reported 

physical activity among boys and correctly classified 73.2% of cases.  After controlling 

for the effects of other variables in the model, a high PACES score was no longer a 

significant predictor of high activity (aOR= 2.09, 95% CI: 0.96-4.52.  In contrast, 

perceiving weight status as normal and higher self-efficacy both predicted increased odds 

of high activity.  Among boys in this study, perception of normal weight status was the 

strongest individual-level predictor of high activity (OR= 6.98, 95% CI: 1.52-5.62).      

 Among girls, the individual-level model significantly predicted high activity 

(x
2
=17.74, df=3, p<0.001) although it provided only a marginal increase in the 

percentage of cases classified correctly, improving from 73.2% to 74.4%.  The model 

accounted for between 10% (Cox & Snell R Square) and 14.6% (Nagelkerke R square ) 

of the variance in physical activity among girls.  Individually, perceived normal weight 
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status was not significantly related to high activity among girls (p= 0.492) while self-

efficacy and enjoyment were each independently related to high activity.  After 

controlling for other variables in the model, only self-efficacy was retained as significant 

predictor of high activity whereby higher self-efficacy scores predicted greater odds of 

reporting high activity (OR= 6.94, p=0.003). 

Finally, as indicated by grade level differences in reporting of high activity, the 

individual-level model was rerun with stratification by grade enabling a model assessing 

individual-level variables for 4
th

 grade students and a second model including both 6
th

 

and 8
th

 grade students.  Among 4
th

 grade students, of the three individual-level variables 

considered, only self-efficacy for physical activity was independently significantly 

associated with high activity.  The subsequent individual-level model significantly 

predicted high activity (x
2
=15.42, df=3, p<0.001) and accounted for between 14.8% (Cox 

& Snell R square) and 19.8% (Nagelkerke R square) of the variance in physical activity.  

Among 4
th

 grade students, use of individual-level variables enabled 65.6% of cases to be 

correctly classified.  After accounting for perceived weight and enjoyment of physical 

activity, self-efficacy for physical activity retained its significant association with 

physical activity (p=0.003) where higher self-efficacy scores were associated with more 

than a 12-fold increased odds of reporting high activity (aOR= 12.85, 95% CI: 2.43-

67.92).   

Among 6
th

 and 8
th

 grade students, each individual-level predictor variable had a 

significant independent relationship with physical activity and taken together, the 

variables improved the percentage of cases being correctly classified from 63.1% to 
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71.6%.  Further, individual-level variables accounted for between 20.6% (Cox & Snell R 

square) and 28.1% (Nagelkerke R square) of the variance in reported physical activity.  

After controlling for the other variables in the model, each variable remained 

significantly associated with increased odds of high physical activity.   

Table 20: Within Level Regression Modeling to Predict High Activity 

Individual Level 

B SE p Lower Upper

MODEL I: Overall Normal Weight 1.07 0.34 0.001 2.92 1.52 5.63

n=321 Self Efficacy 2.04 0.45 <0.001 7.72 3.22 18.52

r
2
= 17.4% - 23.4% High PACES 0.78 0.26 0.003 2.17 1.30 3.64

Constant -7.06 1.21 <0.001 0.00

MODEL II: Boys Normal Weight 1.94 0.51 <0.001 6.98 2.56 19.05

n=153 Self Efficacy 1.81 0.66 0.006 6.09 1.68 22.11

r2= 22.2% - 29.8% High PACES 0.74 0.40 0.062 2.09 0.96 4.52

Constant -6.55 1.81 <0.001 0.00

MODEL III: Girls Normal Weight 0.20 0.46 .657 1.22 0.50 2.99

n=168 Self Efficacy 1.94 0.65 .003 6.94 1.95 24.64

r2= 10.0% - 14.6% High PACES 0.57 0.39 .147 1.76 0.82 3.78

Constant -6.50 1.71 <0.001 0.00

MODEL IV: 4th Grade Normal Weight -0.60 0.70 0.386 0.55 0.14 2.14

n=96 Self Efficacy 2.55 0.85 0.003 12.85 2.43 67.92

r2= 14.8% - 19.8% High PACES 0.46 0.48 0.335 1.59 0.62 4.05

Constant -6.43 2.27 0.005 0.00

MODEL V: 6th/8th Grade Normal Weight 1.68 0.45 <0.001 5.37 2.23 12.93

n=225 Self Efficacy 1.76 0.52 0.001 5.81 2.09 16.16

r2= 20.6% - 28.1% High PACES 0.93 0.33 0.005 2.52 1.33 4.79

Constant -7.05 1.42 <0.001 0.00

Exp(B)

95% C.I.

 

*activity score based on 4-item PAQ-C score of ≥4 
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viii. Within-Level Modeling: Interpersonal Level 

Social support and parental physical activity were both independently related to 

student physical activity level (p<0.001 for each) and were including in a binary logistic 

regression model assessing the interpersonal level’s ability to predict high activity for this 

sample of students. Social support and parental physical activity were significantly 

correlated (p<0.001) although the strength of the association was weak (r=0.304); both 

interpersonal level variables were included in the model.  The model significantly 

predicted high activity (x
2
= 64.60, df=2, p<0.001) and correctly classified 71% of cases.  

After controlling for each other, the odds of reporting high activity were increasingly 

greater as social support and parental physical activity values increased.  Social support 

for physical activity was the strongest predictor of high activity for the full sample of 

students (aOR= 9.73, 95% CI: 4.65-20.37).  The variance in physical activity explained 

by the linear combination of these two variables was between 18.2% (Cox & Snell R 

square) and 24.5% (Nagelkerke R square). Table 21 summarizes all interpersonal level 

regression models.    

The interpersonal model was then re-run with stratification by gender and by 

grade.  Among boys, the model containing both social support and parental physical 

activity significantly predicted student physical activity (x
2
=27.27, df=2, p<0.001) and 

explained between 16.3% (Cox & Snell R square) and 21.9% (Nagelkerke R square) of 

the variance in physical activity.  After accounting for the other variable in the model, 

only social support and retained a predictive relationship with reporting of high physical 

activity whereby higher social support scores were associated with increased odds of 

reporting high activity (aOR= 7.26, 95% CI: 2.80-18.93). 
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Among girls, the interpersonal-level model significantly predicted high activity 

(x
2
=22.26, df=2, p<0.001) and this combination of variables accounted for between 

12.4% (Cox & Snell R square) and 18.1% (Nagelkerke R square) of the variance in 

student-reported physical activity level.  After controlling for each other, only social 

support retained a significant relationship with physical activity whereby increased social 

support scores conferred increased odds of reporting high physical activity (aOR= 11.09, 

95% CI: 3.36-36.56). 

 Among 4
th

 grade students, the interpersonal-level binary logistic regression model 

significantly predicted high activity (x
2
=16.14, df=2, p<0.001) and accounted for 

between 15.5% (Cox & Snell R square) and 20.6% (Nagelkerke R square) of the variance 

in student-reported physical activity.  Both social support and parental physical activity 

were independently associated with the outcome (p<0.001 and p=0.007respectively) yet 

after controlling for social support, parental physical activity was no longer a significant 

predictor of physical activity in the overall model. 

 For the combined group of 6
th

 and 8
th

 grade students, the interpersonal-level 

variables of social support for physical activity and parental physical activity were each 

independently related to physical activity level (p<0.001, p=0.001 respectively).  The 

binary logistic regression model predicting odds of reporting high physical activity from 

social support and parental physical activity was significant (x
2
= 46.04, df=2, p<0.001) 

and accounted for between 18.5% (Cox & Snell R square) and 25.3% (Nagelkerke R 

square) of the variance in reported physical activity.  Both variables in the final model 

conferred increased odds of reporting high activity as their own values increased (aOR 
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for social support= 12.79, 95% CI: 4.99-32.79; aOR for parental activity= 1.82, 95% CI: 

1.10-2.99).  Social support emerged as the strongest predictor of high activity. 

Table 21: Within Level Regression Modeling to Predict High Activity 

Interpersonal Level 

Lower Upper

MODEL I: Overall Social Support 2.28 0.38 <0.001 9.73 4.65 20.37

n=321 Parental PA 0.56 0.21 0.006 1.76 1.18 2.63

r
2
= 18.2% - 24.5% Constant -6.51 0.90 <0.001 0.00

MODEL II: Boys Social Support 1.99 0.49 <0.001 7.28 2.80 18.93

n=153 Parental PA 0.48 0.30 0.107 1.62 0.90 2.90

r
2
= 16.3% - 21.9% Constant -5.18 1.19 <0.001 0.01

MODEL III: Girls Social Support 2.41 0.61 <0.001 11.09 3.36 36.56

n=168 Parental PA 0.28 0.30 0.36 1.32 0.73 2.39

r
2
= 12.4% - 18.1% Constant -6.77 1.40 <0.001 0.00

MODEL IV: 4th Grade Social Support 1.70 0.62 0.006 5.46 1.62 18.36

n=96 Parental PA 0.51 0.36 0.155 1.67 0.82 3.38

r
2
= 18.5% - 20.6% Constant -4.79 1.39 0.001 0.01

MODEL V: 6th/8th Grade Social Support 2.55 0.48 <0.001 12.79 4.99 32.79

n=225 Parental PA 0.60 0.25 0.019 1.82 1.10 2.99

r
2
= 18.5% - 25.3% Constant -7.32 1.18 <0.001 0.00

B S.E. p Exp(B)

95% C.I.

 

 

ix. Within-Level Modeling: Environmental Level 

 The within-level binary logistic model to predict reporting of high activity given a 

set of environmental level variables is summarized in Table 22.  The three variables 

significantly associated with reporting of high activity in univariate analyses were 

included in this set of analyses.  These variables included mean safety and aesthetics 

score, daily active transport and mean access to locations. The continuous predictor 



109 

 

variables of safety and aesthetics and of locations score were significantly (p<0.001) 

though weakly correlated (r=0.29) making the risk of multicollinearity low.  Each 

included variable was independently associated with reporting of high activity and 

collectively, they significantly predicted high activity (x
2
= 30.36, df=3, p<0.001).  

Overall, the environmental-level variables considered in this study collectively accounted 

for less variance in reporting of high activity (r
2
=9.2%-12.3%) than did individual (r

2
= 

17.4%-23.4%) or interpersonal level variables (r
2
= 18.2%-24.5%).   

 For the full sample, after controlling for other environmental level variables, each 

variable retained unique, significant association with reporting of high activity.  Daily 

active transport was the strongest predictor of reporting high activity (aOR= 2.22, 95% 

CI: 1.39-3.55). 

 Among boys, safety and aesthetics and access to locations were independently 

associated with reporting of high activity (p<0.001 for each) although daily active 

transport was not (p=0.064). These variables were significantly associated with high 

activity (x
2
= 26.28, df=3, p<0.001).  Higher access to locations (aOR= 1.09, 95% CI: 

1.02- 1.16) and higher perceived safety and aesthetics (aOR=2.08, 95% CI: 1.30-3.33) 

scores conferred increased odds of reporting high activity.  Collectively, environmental 

level variables accounted for between 16.1% (Cox and Snell R square) and 21.6% 

(Nagelkerke R square) of the variance in reporting of high activity among boys in this 

study. 

 In contrast to results for boys in this study, the gender-specific environmental 

level model for girls was not significantly associated with reporting of high activity (x
2
= 

7.70, df=3, p=0.52).  Only daily use of active transport (aOR=2.76, 95% CI: 1.33-5.72), 
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after accounting for other variables in the model, emerged as significantly associated with 

reporting of high activity among girls in this sample. 

 Among 4
th

 grade students, the model including all three environmental level 

variables was not significant (x
2
= 17.02, df=3, p=0.71).  After controlling for other 

variables in the model, daily active transport was the only variable significantly 

associated with reporting of high activity (aOR= 2.62, 95% CI: 1.06-6.46).   

 For the sample of 6
th

 and 8
th

 grade students, all three environmental level 

variables were independently associated with reporting of high activity.  The model 

including these variables significantly predicted high activity (x
2
= 29.98, df=3, p<0.001) 

and accounted for between 12.6% (Cox and Snell R square) and 17.2% (Nagelkerke R 

square) of the variance in reporting of high activity.  After controlling for other variables 

in the model, daily active transport was most strongly associated with reporting of high 

activity in this group (OR= 2.29, 95% CI: 1.28-4.10). 
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Table 22: Within Level Regression Modeling to Predict High Activity  

Environmental Level 

Lower Upper

MODEL I: Overall Safety and Aesthetics 0.44 0.15 .004 1.55 1.15 2.10

n=321 Access to Locations 0.05 0.02 .032 1.05 1.00 1.10

r2=9.2%-12.3% Daily Active Transport 0.80 0.24 .001 2.22 1.39 3.55

Constant -3.06 0.61 <0.001 0.05

MODEL II: Boys Safety and Aesthetics 0.73 0.24 .002 2.08 1.30 3.33

n=153 Access to Locations 0.08 0.03 .017 1.09 1.02 1.16

r2= 16.1%-21.6% Daily Active Transport 0.49 0.37 .182 1.64 0.79 3.38

Constant -3.86 0.96 <0.001 0.02

MODEL III: Girls Safety and Aesthetics -0.11 0.23 .635 0.90 0.58 1.40

n=168 Access to Locations 0.03 0.03 .432 1.03 0.96 1.10

r2=4.5%-6.7% Daily Active Transport 1.02 0.37 .006 2.76 1.33 5.72

Constant -1.58 0.87 .069 0.21

MODEL IV: 4th Gr Safety and Aesthetics 0.11 0.28 .679 1.12 0.65 1.93

n=96 Access to Locations 0.05 0.04 .162 1.06 0.98 1.14

r2=7.3%-9.7% Daily  Active Transport 0.96 0.46 .037 2.62 1.06 6.46

Constant -1.50 0.98 .126 0.22

MODEL V: 6th/8th Gr Safety and Aesthetics 0.60 0.19 .002 1.83 1.26 2.67

n=225 Access to Locations 0.06 0.03 .032 1.07 1.01 1.13

r2=12.6%-17.2% Daily Active Transport 0.83 0.30 .006 2.29 1.28 4.10

Constant -4.16 0.81 <0.001 0.02

Exp(B)

95% C.I.

B S.E. p

 

  

x. Summary 

Variables from each level of influence are associated with reporting of high 

activity.  The environmental level model accounted for less variance in reported high 

activity than did the individual level or interpersonal level models.  All models were 

significant overall and all but one model were significant when stratified by grade and 

gender. 
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I. Objective Five: Results 

The final objective of this study was to determine what combination of factors 

from all levels of influence collectively predicts reporting of high activity for this sample 

of diverse 4
th

, 6
th

 and 8
th

 grade students.  Ultimately, this objective considers the value of 

assessing physical activity from an ecological perspective.  Results specific to each of 

two research questions are described below. 

 

5a. What combination of factors at the individual, interpersonal and 

environmental levels predict high levels of physical activity?   

The same set of variables previously considered at each level of influence were 

entered into a forward stepwise binary logistic regression model to predict reporting of 

high activity given 4-item PAQ-C responses using the full range of ecologically-derived 

variables.  Individual level variables (perceived weight, self-efficacy and enjoyment of 

physical activity) were entered in the first block of the model.  Individual level plus 

interpersonal level variables (social support and parental physical activity) were 

combined in the second block and the third block of the model included individual, 

interpersonal and environmental level variables (safety and aesthetics, access to locations, 

use of active transport) together.  Results for the full sample as well as for gender-specific 

and grade-specific models are detailed below. 

 

i. Ecologically-Based Regression Model for the Full Sample 

 For all students in the sample, the combination of individual, interpersonal and 

environmental level variables, eight variables in all, was significant (x
2
= 106.05, df=8, 
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p<0.001).  This model accounted for between 28.1% (Cox and Snell R square) and 37.9% 

(Nagelkerke R square) in the variance in high activity and correctly classified 73.8% of 

students.  After controlling for all other variables, access to locations and 

safety/aesthetics were no longer significantly predicted high activity (p=0.77 and p=0.73 

respectively).  Social support for physical activity was the strongest predictor of students 

reporting being highly active (aOR= 4.54, 95% CI: 1.96-10.53) suggesting odds of 

reporting high activity are increasingly greater as the mean social support value 

increased.  Beyond social support, self-efficacy for physical activity (aOR= 3.50, 95% 

CI: 1.31-9.29), use of daily active transport to school (aOR= 2.99, 95% CI: 1.72-5.19), 

perceiving weight status as normal (aOR= 2.47, 95% CI: 1.19-5.16), high enjoyment of 

physical activity (aOR=2.31, 95% CI: 1.29-4.14) and greater parental physical activity 

(aOR= 1.92, 95% CI= 1.22-3.01) each remained associated with reporting of high 

physical activity (see Table 23). 
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Table 23.   Ecological Regression Model for the Full Sample 

B SE p Lower Upper

Normal Weight 1.07 0.33 .001 2.92 1.52 5.63

Self Efficacy 2.04 0.45 <0.001 7.72 3.22 18.52

r
2
= 17.5% - 23.4% High PACES 0.78 0.26 .003 2.17 1.30 3.64

Constant -7.06 1.21 <0.001 0.00

Normal Weight 0.98 0.35 .005 2.66 1.34 5.28

Self Efficacy 1.09 0.49 .025 2.98 1.15 7.75

r
2
= 24.4% - 32.9% High PACES 0.73 0.28 .008 2.08 1.21 3.57

Social Support 1.62 0.42 <0.001 5.04 2.20 11.54

Parental PA 0.59 0.22 .006 1.80 1.18 2.76

Constant -9.21 1.36 <0.001 0.00

Normal Weight 0.91 0.38 .016 2.47 1.19 5.16

Self Efficacy 1.25 0.50 .012 3.50 1.31 9.29

High PACES 0.84 0.30 .005 2.31 1.29 4.14

Social Support 1.51 0.43 <0.001 4.54 1.96 10.53

Parental PA 0.65 0.23 .005 1.92 1.22 3.01

r2= 28.1% - 37.9% Safety and Aesthetics 0.06 0.19 .728 1.07 0.74 1.54

Access to Locations 0.01 0.03 .770 1.01 0.96 1.06

Daily Active Transport 1.09 0.28 <0.001 2.99 1.72 5.19

Constant -10.39 1.48 <0.001 .000

n=321

MODEL I: Individual 

Level

MODEL II: Individual 

+ Interpersonal Levels

MODEL III: Individual 

+ Interpersonal + 

Environmental Levels

Exp(B)

95% C.I.

 

 

ii. Ecologically-Based Regression Model for Boys 

Table 24 summarizes the multi-level regression model specific to boys in this sample.  

Among male students, the full ecological model was significant (x
2
= 59.62, df=8, 

p<0.001).  This final model accounted for between 32.3% (Cox and Snell R square) and 

43.4% (Nagelkerke R square) of the variance in reporting of high activity and correctly 

classified 79.1% of cases.  For this sample of male students, five of the eight included 

variables no longer significantly predicted reporting of high activity after controlling for 

all other variables in the model.  Variables that remained significantly predictive of high 

activity were perception of normal weight status (aOR= 6.76, 95% CI: 2.21-20.70), social 
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support (aOR= 3.22, 95% CI: 1.03-10.05), safety and aesthetics (aOR=1.98, 95% CI: 

1.13-3.48), and frequent use of active transport (aOR=3.38, 95% CI: 1.34-8.50).  

Perceiving body weight status as normal or underweight emerged as the strongest 

predictor of high activity (aOR= 6.76, 95% CI: 2.21-20.70).   

 

Table 24:  Gender-Stratified Ecological Model: Boys 

B SE p Lower Upper

Normal Weight 1.94 0.51 <0.001 6.98 2.56 19.05

Self Efficacy 1.81 0.66 .006 6.09 1.68 22.10

r
2
= 22.2% - 29.8% High PACES 0.74 0.39 .062 2.09 0.96 4.52

Constant -6.55 1.81 <0.001 0.00

Normal Weight 1.87 0.54 .001 6.46 2.24 18.62

Self Efficacy 1.01 0.74 .171 2.75 0.64 11.73

r
2
= 27.4% - 36.9% High PACES 0.60 0.42 .157 1.81 0.79 4.14

Social Support 1.21 0.57 .032 3.37 1.11 10.24

Parental PA 0.64 0.34 .060 1.90 0.97 3.69

Constant -8.37 2.08 <0.001 0.00

Normal Weight 1.89 0.57 .001 6.62 2.18 20.16

Self Efficacy 0.63 0.78 .417 1.88 0.41 8.71

High PACES 0.46 0.46 .324 1.58 0.64 3.91

r
2
= 32.3% - 43.4% Social Support 1.17 0.58 .043 3.23 1.04 10.07

Parental PA 0.47 0.36 .192 1.59 0.79 3.21

Safety and Aesthetics 0.64 0.28 .022 1.89 1.10 3.26

Access to Locations 0.03 0.04 .542 1.03 0.94 1.11

Daily Active Transport 0.74 0.43 .084 2.10 0.90 4.86

Constant -9.92 2.21 .000 0.00

MODEL I: Individual 

Level

MODEL II: Individual 

+ Interpersonal Levels

95% C.I.

Exp(B)

MODEL III: Individual 

+ Interpersonal + 

Environmental Levels

 

 

iii. Ecologically-Based Regression Model for Girls 

Among girls in this sample, the ecological regression model was also significant 

(x
2
= 43.36, df=8, p<0.001) suggesting the collection of variables considered were 
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collectively sensitive enough to discern difference between highly active and low active 

girls.  The model accounted for between 22.7% (Cox and Snell R square) and 33.1% 

(Nagelkerke R square) of the variance in reporting of high activity and correctly 

classified 78.2% of cases.  After controlling for all other variables in the model, only 

social support (aOR=9.03, 95% CI: 1.95-41.75), enjoyment of physical activity (aOR= 

2.57, 95% CI: 1.06-6.21) and daily active transport (aOr= 4.08, 95% CI: 1.70-9.80) 

remained as significant predictors of reporting high activity. The interpersonal level 

variable of social support was the strongest predictor of highly active girls in this study 

such that increases in social support scores predicted a 9-fold increased odds of reporting 

high activity (aOR=9.03, 95% CI: 1.95-41.75).    Table 25 below summarizes the multi-

level regression model specific to girls in this study. 
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Table 25:  Gender-Stratified Ecological Model: Girls  

B SE p Lower Upper

Normal Weight 0.20 0.46 .657 1.22 0.50 2.99

Self Efficacy 1.94 0.65 .003 6.94 1.95 24.64

r
2
= 10.0%-14.6% High PACES 0.57 0.39 .147 1.76 0.82 3.78

Constant -6.50 1.71 <0.001 0.00

Normal Weight 0.20 0.47 .673 1.22 0.49 3.06

Self Efficacy 0.81 0.72 .259 2.26 0.55 9.28

r
2
= 15.2% - 22.0% High PACES 0.65 0.41 .113 1.92 0.86 4.29

Social Support 1.89 0.71 .008 6.65 1.65 26.86

Parental PA 0.28 0.31 .355 1.33 0.73 2.43

Constant -8.30 1.81 <0.001 0.00

Normal Weight 0.42 0.57 .466 1.52 0.50 4.64

Self Efficacy 0.99 0.79 .208 2.69 0.58 12.62

High PACES 0.94 0.45 .037 2.57 1.06 6.21

r
2
= 19.9% - 27.6% Social Support 2.20 0.78 .005 9.03 1.95 41.75

Parental PA 0.67 0.35 .056 1.95 0.98 3.85

Safety and 

Aesthetics

-0.48 0.30 .108 0.62 0.35 1.11

Access to Locations -0.02 0.04 .594 0.98 0.90 1.06

Daily Active 

Transport

1.41 0.45 .002 4.08 1.70 9.80

Constant -9.11 2.13 .000 0.00

MODEL I: Individual 

Level

MODEL II: Individual 

+ Interpersonal Levels

MODEL III: Individual 

+ Interpersonal + 

Environmental Levels

Exp(B)

95% C.I.

 

 

iv. Ecologically-Based Regression Model for 4
th

 Grade Students 

 Among 4
th

 grade students, the model containing variables from all three levels of 

influence was significant (x
2
= 27.68, df=8, p=0.001).  Collectively, this combination of 

variables accounted for between 25.0% (Cox and Snell R square) and 33.4% (Nagelkerke 

R square) of the variance in reported high activity among 4
th

 graders, correctly 

classifying 76.0% of cases.  After controlling for all other variables, two variables 

remained significantly associated with reporting of high activity. These variables 

included self-efficacy from the individual level (aOR=14.51, 95% CI: 1.60-131.94) and 



118 

 

daily active transport from the environmental level (aOR= 3.26, 95% CI: 1.10-9.66).  

Odds ratios were accompanied by wide confidence intervals for each of these variables 

due in part to a smaller sample size at the 4
th

 grade level.  Table 26 contains full results 

from the 4
th

 grade-specific ecological regression modeling. 

 

Table 26:  Grade-Stratified Ecological Model: 4
th

 Grade 

B SE p Lower Upper

Normal Weight -0.60 0.70 .386 0.55 0.14 2.14

Self Efficacy 2.55 0.85 .003 12.85 2.43 67.92

r2= 14.8% - 19.8% High PACES 0.46 0.48 .335 1.58 0.62 4.04

Constant -6.43 2.27 .005 0.00

Normal Weight -0.52 0.73 .472 0.59 0.14 2.47

Self Efficacy 1.67 0.93 .073 5.31 0.85 33.02

r2= 19.1% - 25.4% High PACES 0.25 0.50 .607 1.29 0.49 3.40

Social Support 1.25 0.68 .065 3.51 0.92 13.32

Parental PA 0.26 0.39 .498 1.30 0.61 2.80

Constant -7.42 2.35 .002 0.00

Normal Weight -0.54 0.81 .507 0.58 0.12 2.86

Self Efficacy 2.67 1.13 .018 14.51 1.60 131.84

High PACES 0.26 0.52 .614 1.30 0.47 3.63

r2= 25.0% - 33.4% Social Support 1.46 0.75 .052 4.30 0.99 18.78

Parental PA 0.43 0.42 .311 1.53 0.67 3.51

Safety and Aesthetics 0.29 0.33 .390 1.33 0.69 2.56

Access to Locations -0.08 0.05 .142 0.92 0.83 1.03

Daily Active Transport 1.18 0.56 .034 3.26 1.10 9.66

Constant -11.10 3.16 <0.001 0.00

n=96

Exp(B)

MODEL I: Individual 

Level

MODEL II: Individual + 

Interpersonal Levels

95% C.I.

MODEL III: Individual 

+ Interpersonal + 

Environmental Levels

 

v. Ecologically-Based Regression Model for 6
th

/8
th

 Grade Students 

Results of the multi-level regression model stratified to include 6
th

 and 8
th

 grade 

students are detailed in Table 27 below.  This ecologically-based model was significant 

(x
2
= 90.78, df=8, p<0.001) and accounted for between 33.2% (Cox and Snell R square) 

and 45.4% (Nagelkerke R square) of the variance in reported physical activity.  Further, 
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the model correctly classified 76.4% of cases.  Of the eight variables considered in this 

mulit-level model, six remained as significant predictors of physical activity after 

controlling for all others in the model.  The individual level variables of perceived normal 

weight status (aOR= 3.50, 95% CI: 1.33-9.22) and high enjoyment of physical activity 

(aOR=3.63, 95% CI: 1.67-7.90) were retained in the model as the interpersonal level 

variables of social support (aOR= 5.93, 95% CI: 2.04-17.29) and parental physical 

activity (aOR=2.13, 95% CI: 1.17-3.90).  Additionally, daily active transport (aOR= 3.74,  

95% CI: 1.80-7.77) and access to locations (aOR= 1.07, 95% CI: 1.01-1.15) from the 

environmental level significantly contributed to the model.  Of the six contributing 

variables, social support for physical activity most strongly associated with reporting high 

activity among 6
th

 and 8
th

 grade students in this sample (aOR= 5.93, 95% CI: 2.04-

17.29). 
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Table 27: Grade-Stratified Ecological Model: 6
th

/8
th

 Grade 

 

B SE p Lower Upper

Normal Weight 1.68 0.45 <0.001 5.37 2.23 12.93

Self Efficacy 1.76 0.52 .001 5.81 2.09 16.16

r
2
= 20.6% - 28.1% High PACES 0.93 0.33 .005 2.52 1.33 4.79

Constant -7.05 1.42 <0.001 0.00

Normal Weight 1.46 0.46 .001 4.30 1.76 10.55

Self Efficacy 0.82 0.58 .157 2.28 0.73 7.11

r
2
= 27.7% - 37.8% High PACES 0.99 0.35 .004 2.70 1.36 5.34

Social Support 1.92 0.56 .001 6.83 2.29 20.38

Parental PA 0.65 0.28 .019 1.92 1.11 3.33

Constant -9.96 1.68 <0.001 0.00

Normal Weight 1.25 0.49 .011 3.50 1.33 9.22

Self Efficacy 0.94 0.58 .106 2.57 0.82 8.09

High PACES 1.29 0.40 .001 3.63 1.67 7.90

r
2
= 33.2% - 45.4% Social Support 1.78 0.55 .001 5.93 2.04 17.29

Parental PA 0.76 0.31 .014 2.13 1.17 3.90

Safety and Aesthetics 0.03 0.24 .910 1.03 0.64 1.64

Access to Locations 0.07 0.04 .041 1.07 1.00 1.15

Daily  Active 1.32 0.37 <0.001 3.74 1.80 7.77

Constant -12.14 1.92 <0.001 0.00

n=225

Exp(B)

95% C.I.

MODEL I: Individual 

Level

MODEL III: Individual + 

Interpersonal + 

Environmental Levels

MODEL II: Individual + 

Interpersonal Levels

 

 

5b.  Does the variance in high physical activity explained using a 

comprehensive ecological assessment differ from the variance explained  by each 

single level of influence? 

The null hypothesis of no difference in the percentage of variance explained by a 

comprehensive, ecologically-guided model relative to the variance explained by any 

single level of influence was tested using a series of one sample t-tests.  To begin, the 

Cox and Snell R square and Nagelkerke R square values generated from each binary 

logistic regression model described previously were averaged to create a single R
2
 value 
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for each model.  Figure 15 displays the average percent of variance explained by each 

level of influence for the full sample as well as for gender- and grade-specific models.  

 

Figure 15.  Percent of Variance Explained by Each Level of Influence  
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As displayed in the figure above, the ecological model (purple bar in graph) 

accounted for more variance in the reporting of high activity than did any single level of 

influence.  Regression models from each level of influence as well as for all levels 

combined consistently accounted for more of the variance in reporting of high activity 

among male than among female students.  Additionally, grade level-specific individual, 

interpersonal and ecological models created for 6
th

/8
th

 grade students explained more 

variance in reporting of high activity than did the same models when used among 4
th

 

grade participants.   
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The magnitude of the difference in R
2
 values between the ecological model and 

each within-level variable was calculated.  Table 28 contains results of these between-

level comparisons.  The ecological model accounted for more variance in reporting of 

high activity than did all other within-level models.  The change in R
2 

ranged from a low 

of 8.50, when comparing the gender-stratified ecological model for girls to the female-

specific interpersonal level model, to a high of 24.40 when comparing the ecological 

model to the environmental level among 6
th

/8
th

 grades students.  Given the consistency 

and magnitude of these findings, the null hypothesis of no difference between the 

ecological model and within-level models was rejected.  

 

Table 28: Comparison of Within-level R
2
 to R

2
 from the Ecological Model 

∆ R
2

Individual 20.50 12.50

Interpersonal 21.40 11.60

Environmental 10.75 22.25

Individual 22.80 15.05

Interpersonal 19.10 18.75

Environmental 18.85 19.00

Individual 12.30 11.45

Interpersonal 15.25 8.50

Environmental 5.60 18.15

Individual 17.30 11.90

Interpersonal 19.55 9.65

Environmental 8.50 20.70

Individual 24.35 14.95

Interpersonal 21.90 17.40

Environmental 14.90 24.40

Full Sample 

N=321
33.00

4th Grade 

N=96

6th/8th 

Grade 

N=225

39.30

29.20

Mean R
2
 from 

Ecological Model Mean Within Level R
2

Boys         

N=153

Girls               

N=168
23.75

37.85
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CHAPTER 5 

DISCUSSION AND CONCLUSIONS 

The goal of this investigation was to assess current levels of physical activity 

participation among 4
th

, 6
th

 and 8
th

 grade students and to explore ecologically-guided 

factors associated with reporting of high activity in this sample.    Results of this study 

are intended to extend current knowledge regarding age- and gender-based disparity in 

reporting of high activity among diverse urban youth in order to inform the timing and 

nature of efforts to increase physical activity participation in this population.  The 

demographics of the study sample suggest this investigation was successful in recruiting 

a diverse group of students representative of those racial/ethnic and SES groups 

previously shown to be at-risk of insufficient physical activity (Sallis, Prochska & Taylor, 

2000).  Between-group differences in physical activity levels were noted and unique 

factors associated with highly active students emerged among different subgroups in this 

study.  

A. Use of PAQ-C as Primary Outcome Measure 

i. Discussion 

The Physical Activity Questionnaire for Older Children (PAQ-C) served as the 

study’s primary outcome measure, although student responses necessitated removal of 

recess from the original five item measure.  The Physical Activity Questionnaire for 

Adolescents (Kowalski, Crocker & Donen, 2004), a similar tool to the PAQ-C but 

designed for use with older students, does not include recess due to the frequency with 
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which recess is not a part of the school schedule for older students.  Therefore, there is 

precedence for considering student physical activity independent of any potential 

contribution from recess although no other example of a 4-item PAQ-C outcome measure 

was found in the literature.  As noted in Chapter 4, the summary score between the 

original 5-item and revised 4-item PAQ-C measure were highly correlated and thus it is 

unlikely that the modifications to the outcome measure greatly influenced this study’s 

results.   

A benefit of the PAQ-C measure is the opportunity to differentiate between the 

activity scores from each portion of the day or week.  Previous intervention work that 

achieved increased time and intensity of physical activity during PE failed to detect 

changes in subsequent physical activity beyond the school setting (Ward, Saunders & 

Pate, 2007).  In light of this, it is perhaps not surprising that in our present study, student-

reported physical activity during PE class emerged as a distinct construct from physical 

activity during out-of-school physical activity periods such as evenings and weekends.  

Average activity level reported during PE was higher than activity during any other time.  

This finding is consistent with previous PAQ-C-based studies that found higher physical 

activity scores for in-school versus out of school items (Kowalski, Crocker & Donen, 

2004).  Although the decrease in activity during PE between 4
th

, 6
th

 and 8
th

 grade samples 

was greater than the decrease between grades in any other activity period queried, PE 

retained the highest physical activity score at each grade level.  These results are 

simultaneously concerning and promising.  That student-reported physical activity can 

decrease significantly between groups despite the support of a structured, teacher-

facilitated physical activity opportunity is alarming.  At the same time, school-based PE 
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remains a universal opportunity for physical activity and is the portion of the week where 

students report the highest intensity of activity on average.  Taken together, efforts to 

ensure that PE is delivered in accordance with best practices to maximize time spent in 

moderate-to-vigorous physical activity and policy-based efforts to maintain the frequency 

of PE offerings represent opportunities to further enhance student physical activity levels. 

Comparison between student responses to the PAQ-C and YRBS activity items 

suggest there was greater agreement between the measures in characterization of students 

as low active than as highly active.  If used to identify those students engaging in the least 

amount of physical activity, then results of this study suggest the 4-item PAQ-C measure 

may serve that purpose well.      

ii. Conclusions 

The PAQ-C demonstrated feasibility for use in a school-based surveillance 

setting.  The measure frequently lead to complete data suggesting appropriate readability 

and acceptability to students, yet also provided more detailed physical activity data than 

available from the current YRBS surveillance item.   

iii. Future Directions 

As designed, the PAQ-C provides 5-level responses for each activity period, 

effectively combining “not applicable” and “was not active during this period “in the 

lowest level response for both recess and PE.  In the future, adding a 6
th

 response option 

to enable separation of these two response categories may enable more accurate 

interpretation of results because as noted earlier, choosing not to be active during a given 
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portion of the day is distinct from not having the opportunity for activity.  Although this 

measure lacks the ability to discern the total time spent in MVPA per day, it does allow 

assessment of which portions of a given week foster more or less physical activity which 

can inform intervention strategies. 

 

B. Gender, Grade and Physical Activity 

i. Discussion 

Nearly 1 in 5 students in this study reported ≥60 minutes of daily MVPA meaning 

the remaining 80% of students in the sample are not meeting the national 

recommendation for MVPA.  These findings mirror those reported by a national sample 

of high school students completing the 2009 YRBS (YRBSS, 2009). However, the YRBS 

sample was drawn from older students than those participating in our study.  Based on the 

established trend of decreased physical activity with increased age (Dumith et al., 2010; 

Nyberg et al., 2009; Basterfield et al., 2011), the proportion of students meeting the 

national recommendation for MVPA was expected to be higher in this study of 4
th

, 6
th

 

and 8
th

 grade students than among 9
th

-12
th

 graders nationally.  The similarity in rates of 

insufficient activity between this younger study sample and the older national sample 

could suggest that the study sample is at greater risk of future insufficient activity than 

students presently in high school.  Alternatively, results could be explained in light of 

evidence suggesting physical activity levels begin to decline before adolescence for both 

girls and boys (Basterfield et al., 2011).  Our study only examined three grade levels in a 
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cross-sectional nature and thus, cannot speak to a larger trend in physical activity across 

childhood and adolescence.  That said, student responses to the PAQ-C indicated a 

decrease in highly active students between 4
th

 and 6
th

 grades without an additional 

decrease in highly active students between 6
th

 and 8
th

 grades.  The distinction between 

overall activity level reported by 4th and both 6th and 8th grade groups was consistent in 

this study and held when the outcome was considered in both a continuous and 

dichotomous format. Therefore, it is possible that any decline in physical activity 

between 4
th

 and 6
th

 grades may not be part of a linear, downward trend in activity across 

subsequent grades.    

In contrast to findings in the review put forth by Craggs and Colleagues (2011) 

where no clear association between gender and physical activity was established among 

middle school students, gender was an important factor in the results of this study.  

Among 4
th

 graders in the sample, the proportion of highly active students was similar 

between boys and girls.  Further, boys from the 4
th

, 6
th

 and 8
th

 grade samples remained 

similarly active while the proportion of highly active girls decreased significantly 

between 4
th

 and 6
th

 grade groups.  The gender gap in the proportion of highly active boys 

versus girls initially evident among 6
th

 grade students was wider between 6
th

 and 8
th

 grade 

groups.  Therefore, results of the present study where no difference in activity was noted 

by gender among  4
th

 grade students contrast with recent findings of gender disparity in 

physical activity beginning at the age of 6 (Nyberg et al., 2009) but are supported by 

findings from  other investigations that described declining activity occurring at younger 

ages among girls than among boys (Dumith et al., 2011; Kimm et al., 2002) and that 

found decreases in the proportion of highly active girls between 6
th

 and 8
th

 grades (Pate et 



128 

 

al., 2009).  Use of 4
th

 grade students proved to be valuable as similarity between genders 

in reporting of high activity at the fourth grade level provided some insight into the onset 

of gender-based disparity in self-reported physical activity for this sample. 

 

ii. Conclusions 

 Collectively, the 4
th

, 6
th

 and 8
th

 grade participants in this study reported the same 

level of insufficient activity noted among high school students nationwide.  For this 

study’s sample of diverse, urban youth, self-reported physical activity level changed 

significantly between 4
th

 grade and 6
th

 grade.  These grades also correspond to the change 

from elementary school to middle school.  Boys were similarly active between each grade 

level in the study.  In the 6th and 8
th

 grade samples, significantly more boys than girls 

reported being highly active indicating that a gender disparity in the reporting of high 

physical activity emerged between 4
th

 and 6
th

 grade groups.  

 

iii. Future Directions 

 The change in reported physical activity participation between 4
th

 and 6
th

 grades 

samples is of interest but also begs the question, what was the level of activity for 

participating students prior to 4
th

 grade?  It is possible that boys and girls were similarly 

active and highly active across elementary school before diverging in activity patterns 

between 4
th

 and 6
th

 grades.  However it is also possible that changes in physical activity 

occurred prior to 4
th

 grade.  Particularly given the finding that a substantial portion of 
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students in each participating grade did not meet the national recommendation for 

physical activity, discerning when, if ever, students did meet this recommendation and 

when, if ever, a decrease in physical activity is initiated could prove informative for 

subsequent research and intervention.  There remains much room for improvement in the 

percent of highly active students in each gender and at each grade level.  For that reason, 

male students should not be overlooked in future work, however, the change in reporting 

of high activity between 4
th

 grade girls and 6
th

/8
th

 grade girls in this study was greater 

than anticipated.  Future investigations utilizing a longitudinal design that encompass 

students beginning at younger ages would be advisable to shed light on the gender- and 

age-related disparity in physical activity in this population. 

 

C. Individual Level Variables 

i. Discussion 

Not all variables intended for use in this study generated usable data as 

anticipated.  Current body weight and height are two such variables that required 

reconsideration upon review of the study’s data.  Previous research has demonstrated 

acceptable validity and reliability of adolescent self-report of height and weight (Brener 

et al., 2003; Strauss, 1999).  While objective measures of height and weight would have 

been preferable, the anticipated use of self-report values to calculate BMI-for-age would 

have reflected a common approach to weight-related research in many populations 

including adolescents and adults (Brener et al., 2004; Daniels, 2005; Eichen et al., 2010; 

Godino et al., 2010).  Unfortunately in this sample of 4
th

, 6
th

 and 8
th

 grade students, the 
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frequency of missing data rendered self-report height and weight unusable.  The volume 

of missing data, and missing data for height in particular, suggest students in this sample 

did not know their current height and weight.  This is an important process-related 

finding that can inform subsequent research efforts among this target population.  

Incomplete and unusable data for height and weight forced reliance on perceived weight 

status as the lone proxy for current weight status.    Previous investigations among high 

school students have indicated that perceived weight status can be more influential on 

weight-related behavior than actual weight status and thus, examination of physical 

activity levels in light of perceived weight status may still yield a meaningful result 

(Brener et al., 2004; Lenhart, Daly & Eichen, 2011).   

Perception of normal weight status was associated with being highly active 

among boys and among 6
th

/8
th

 grade students but not among girls or among younger 

students.  These relationships were noted both in the individual level model as well as in 

the final ecological models.  As such, these findings contrast with those suggesting 

pervasive concerns for body weight as a rationale for physical activity among girls but 

not among boys (Butt et al., 2011) and with those suggesting weight-related concerns 

motivate both genders to activity (Kumanyika et al., 2008).    However, it is possible that 

body weight norms are different in this study population than in others or that those 

students seeing themselves as overweight or obese were less active due to weight-related 

concerns  (Atlantis, Barnes, & Ball, 2008).   

Self-efficacy has long been positively linked with MVPA and at the individual 

level, self-efficacy was significantly associated with reporting of high activity in each 

grade- and gender-specific regression model derived.  However, after controlling for all 



131 

 

other variables in the ecological model, self-efficacy only remained significantly and 

positively related to physical activity among 4
th

 grade students.  This is notable because 

previous evidence linking physical activity and self-efficacy in children younger than 10 

years of age is limited and the direction of the relationship between the variables, if any, 

has to this point been undetermined (Craggs et al., 2011).  The lack of association 

between self-efficacy and physical activity among older students is also of interest as our 

results diverge from those of previous studies where self-efficacy and physical activity 

were positively associated throughout adolescence (Trost et al., 2002; Lytle et al., 2009; 

Araujo-Soares et al., 2011; Hearst, Patnode, Sirard, Farbakhsh and Lytle, 2012).  As 

stated in Chapter 4, the self-efficacy measure demonstrated only marginal internal 

consistency reliability in the present study.  This is in contrast to previous investigations 

where the measure demonstrated stronger metrics (Dishman et al., 2010; Dishman et al., 

2002; Motl et al., 2000; Ward et al., 1997).  Thus, there can be multiple factors 

contributing to the unique outcomes with respect to self-efficacy in this study including 

the ages of study participants, weaker internal consistency reliability and the nature of 

other variables included in the final ecological model.   

With respect to enjoyment of physical activity, results of two large reviews 

suggest the degree to which one enjoys physical activity has a limited role, if any, in 

explaining physical activity levels (Sallis et al., 2000; Craggs et al., 2009) although some 

individual investigations have found a positive association between physical activity and 

enjoyment of activity (Motl et al., 2001; DeBate et al., 2009; Dunton et al., 2011).  

Findings from our study are similarly equivocal.  Enjoyment of physical activity was only 

associated with reporting of high activity among the subsample of 6
th

/8
th

 grade students 
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and after controlling for all other variables in the ecological model, a marginal 

association between enjoyment and physical activity was also noted among girls.  While 

it is possible that enjoyment of physical activity is not relevant to participation in physical 

activity among youth, this seems unlikely.  Another possible explanation for the lack of a 

relationship between physical activity and enjoyment of activity lies the nature of student 

responses to the PACES measures.  Summary scores for this measure were exceedingly 

high (2.73 out of 3) and were highly clustered at the top of the response scale.  Thus, it is 

possible that there simply wasn’t sufficient variation in student responses to detect a 

meaningful difference in enjoyment between groups.  It should be noted that several 

changes to the PACES measure were employed in this study in an effort to reduce the 

response burden for the youngest study participants.  One such change was moving from 

a 5-point Likert-type response scale as designed (Motl et al., 2001) to a 3-point response 

scale and this change may have contributed the lack of variability in student responses to 

the measure.   

  

ii. Conclusions 

After controlling for all other variables included in this ecologically-guided study, 

perceived normal body weight was the strongest predictor of reporting high activity 

among boys.  Perceived body weight was also strongly associated with reporting of high 

activity among 6
th

/8
th

 grade students.  Self-efficacy for physical activity explained 

relatively little variance in the reporting of activity and was only significantly associated 
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with highly active students at the 4
th

 grade level.  Enjoyment of physical activity was 

only associated with high activity among the 6
th

/8
th

 grade sample.   

iii. Future Directions 

The collection of individual level variables considered in this study related to activity 

levels differently among study subgroups. Reconsideration of the PACES enjoyment 

measure may be warranted.  The frequency of high enjoyment scores within the sample is 

encouraging from a practice and intervention perspective and there are multiple avenues 

to explore in order to maximize the reinforcing properties of physical activity by 

capitalizing on student enjoyment.  However, from a research perspective, a more 

sensitive tool may need to be established for use among younger students such as those in 

this study.  This study also highlights another implication for future work in this area; 

objective height and weight data must be collected from this sample in order to 

meaningfully consider anthropometrics in relation to physical activity participation. 

Students in this sample demonstrated a profound lack of knowledge regarding current 

height and weight.   

 

D. Interpersonal Level Variables 

i. Discussion 

As anticipated, social support for physical activity emerged as an influential 

variable in this study.  While other similar studies concluded social support was not 

significantly or consistently associated with physical activity among younger students 
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(Hearst et al., 2012; Craggs et al., 2011), for the sample of youth in our study, social 

support was most strongly associated with reporting of high activity after accounting for 

all other variables in the ecological model.  Further, higher social support values were 

associated with reporting of high activity among girls, boys and among 6
th

/8
th

 grade sub-

groups.  Only in the underpowered 4
th

 grade model was social support not significantly 

associated with reporting of high activity although the association between the variables 

approached significance in this model as well. The consistency of the relationship 

between social support and reported physical activity and the strength of the association 

particularly among girls are consistent with previous investigations involving adolescent 

students (Craggs et al., 2011; Davison and Jago, 2009).   

Parental physical activity, as reported by the student, was not consistently linked 

with reporting of high activity for each subgroup considered in this study. Parental 

physical activity was only significantly associated with student physical activity in the 

ecological model derived from the full sample as well as in the 6
th

/8
th

 grade-specific 

model.  The finding that parental influence emerges as a predictor of highly active 

students among older students was an unexpected finding.  However, it should be noted 

that even when significant among 6
th

/8
th

 graders, odds of high activity given high parental 

activity were lower than those conferred by other study variables indicating that parental 

activity is not as strongly linked with the activity of the students as other factors may be.  

Further, any positive impact of parental physical activity on the activity of the student 

may be limited such that impact of the parental influence is not apparent when physical 

levels are higher across the group as they were in 4
th

 grade relative to 6
th

/8
th

 grade.   



135 

 

ii. Conclusions 

 Social support for physical activity was an important variable and was strongly 

and consistently associated with reporting of high activity after controlling for all other 

study variables.  In contrast parental physical activity, as assessed contributed little to the 

understanding of highly active 4
th

, 6
th

 and 8
th

 grade students. 

iii.  Future Directions 

 The social support for physical activity inventory utilized in this study will be 

included in subsequent research on this topic.  In light of the positive association between 

social support and highly active students, efforts to promote physical activity in this 

sample may be well served to focus on group-based forms of activities that build upon 

social support principles. In contrast, the single-item assessment of student-reported 

parental activity is admittedly weak.  To enhance understanding of the role interpersonal 

level variables play in the physical activity patterns of youth, a more robust assessment of 

parental activity should be considered. 

 

E. Environmental Level Variables 

i. Discussion 

Several environmental level variables were among those in this study that were 

not utilized in analyses as anticipated.  The school buildings from which the student 

sample was drawn are in close proximity to each other.  Although partnering schools 
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generously provided access to those students at greatest risk of insufficient activity, the 

close proximity of those students to each other and the lack of true variety in locations 

meant objectively-generated environmental level variables could not be meaningfully 

considered in this study.  Future investigations would be well served to ensure adequate 

variability in environmental variables so that this level of influence can be fully 

considered for any relationship with physical activity.  Elimination of several variables at 

this level of influence could be one rationale for why the environmental level models 

consistently explained less variance in student-reported physical activity than did the 

individual or interpersonal level models. 

The perceived safety and aesthetics measure yielded uniquely variable data in this 

study.  The small effect size associated with the difference in mean safety and aesthetics 

score between highly active and low active groups in our study is in keeping with 

previous research where the absolute contribution of neighborhood-level factors on 

physical activity of 6
th

 grade girls was limited (Evenson et al., 2007).   In the ecological 

model, the significance of the association between safety and aesthetics and reporting of 

high activity found among boys but not among girls was unexpected.  This measure was 

initially derived for use in the TAAG study and has subsequently been used most often in 

research among adolescent girls where positive associations between physical activity 

and a positive assessment of the physical environment have been noted (Evenson et al., 

2006; Evenson et al., 2007).  However, the same was not true among girls in the present 

study.  The items assessed within the scale including concern for smells and having 

enough sports equipment in the home likely vary considerably from student to student, 

even for those living within the same neighborhood.  In light of this and the weak internal 
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consistency within the scale items, the measure may require reconsideration to ensure it is 

able to capture the constructs of interest well.  Ultimately, consideration of perceived 

safety and features of one’s neighborhood appeared to have an inconsistent relationship 

with physical activity more in keeping with the conclusions drawn in other earlier 

investigations (Adkins et al., 2004;  Foster et al., 2008). 

 Many students in this study reported daily use of active transport to school.  Daily 

active transport to school was highly linked with reporting of high activity for girls in this 

sample as was expected given previous research findings, although the magnitude of the 

association among girls in our study was greater than in previous work (Evenson et al., 

2006).  Further, use of daily active transport was the only environmental level variable 

significantly associated with highly active girls in this study.  It should be noted that use 

of active transport on a less than daily basis did not confer increased likelihood of 

reporting high activity so there is the possibility of a threshold effect in the impact of 

active transport on overall physical activity.  Use of daily active transport was also 

associated with reporting of high activity in each grade-stratified ecological model 

suggesting it has relevance to overall physical activity for this sample of urban youth.   

As anticipated based on previous work, access to locations and reported physical 

activity were positively associated (Evenson et al., 2006; Evenson et al., 2007).  Despite 

the positive associations between access to locations and student-reported physical 

activity at the univariate level, after controlling for other study variables, access to 

locations was no longer significantly associated with physical activity levels of students 

in the ecological model.   
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ii. Conclusions 

Objectively generated environmental level variables could not be used in this 

study.  The environmental level regression models consistently explained less variance in 

reported physical activity than did the collection of variables at the individual or 

interpersonal level and this was particularly true for the gender-specific environmental 

regression model among girls in this study.  The access to locations summary score was 

not significant in any iteration of the final ecological model.  Safety and aesthetics was 

only linked with reporting of high activity in the gender-specific ecological model among 

boys. 

 

iii. Future Directions 

Reexamining the range of environmental level variables selected for a study may 

improve the nature of the environmental level of influence in predicting the reporting of 

high physical activity.  Ensuring adequate variability in the sample’s physical location 

may be one strategy to ensure the full range of environmentally-focused variables can be 

considered.  The relatively low internal consistency offered by the safety and aesthetics 

inventory suggests questions within that measure may be tapping into different 

constructs.  Revisiting this measure and using it in combination with objectively assessed 

features of the environment could prove to be informative for understanding the nature of 

the relationship between the surrounding physical environment and physical activity 
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participation.  The assessment of physical activity locations in this study was in keeping 

with previous investigations of adolescent physical activity.  However, physical activity 

levels differed more based on access to certain locations than for others.  In future 

research, reconsidering the manner in which these variables are analyzed may prove to be 

more insightful and may inform locations of interest for use in subsequent intervention.  

Finally, this study’s findings surrounding daily active transport to school are of interest.  

Endeavoring to support student use of active transport may prove to be protective against 

age and gender-related declines in physical activity. 

 

F. Use of the Ecological Model 

i. Discussion 

Use of the ecological model reflects the recommendations for research into youth 

physical activity put forth by Craggs and Colleagues (2009).  Despite results suggesting 

this study’s environmental level variables accounted for the least amount of variance in 

student-reported physical activity on a within-level basis, incorporation of environmental 

level variables with individual and interpersonal level variables into a single ecological 

model did serve to strengthen results of this study.  For the overall sample as well as for 

the gender- and grade-stratified models, as each additional level of influence was added 

to build the final ecological model, the percentage of variance in reported physical 

activity accounted for by the model also increased.  These findings reinforce the 

importance of using a broad range of ecologically-guided variables to assess physical 
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activity participation and mesh with previous work in suggesting MVPA participation is a 

highly complex construct to fully understand (Craggs et al., 2009; Hearst et al., 2012).  

Overall, the regression models generated for this study accounted for more 

variance in reporting of high activity among boys and among 6
th

/8
th

 grade students than 

they did among girls or among 4
th

 grade students.  Particularly for girls in this study, a 

substantial portion of the variance in reporting of high activity remains unaccounted for 

by any combination of variables considered.  This suggests that additional factors are 

involved in explaining physical activity participation among girls that were not 

considered in this study.  Results from a recent ecologically-guided longitudinal 

investigation of MVPA in youth suggest that perception of barriers related to physical 

activity and early experiences in physical activity are important constructs to consider 

(Hearst et al., 2012).  Neither of these was included in this study but each may warrant 

consideration for use in follow-up studies.  The limited understanding of physical activity 

among 4
th

 grade students be due to unconsidered variables yet could also be due in part to 

the relatively few validated measures available for use in younger students.  The majority 

of inventories for assessing constructs believed to be related to physical activity, such as 

enjoyment of activity or self-efficacy, were initially created for use with high school and 

upper middle school students.  As this field of research moves toward study of younger 

students, many of these instruments may require revision to better address the needs of 

this new target population. 
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ii. Conclusions 

Use of the ecological model to explore factors associated with physical activity 

among 4
th

, 6
th

 and 8
th

 grade students represented an improvement over investigations 

focused at any single level of influence in this study.   

 

iii.  Future Directions 

Assessing of MVPA among students prior to 4
th

 grade in an ecologically-guided 

manner may help to identify where changes in physical activity are initiated and help to 

identify modifiable risk factors for decreasing physical activity from all levels of in order 

to inform subsequent intervention.  If early exposure is important to activity later in 

adolescence as some emerging evidence has suggested, enhanced efforts to promote 

physical activity among younger students may be necessary.  However, initiating these 

research goals may prove challenging given the range of validated assessment tools 

currently available.  Work with students prior to 4
th

 grade will require increased vigilance 

with respect to the readability of assessment tools.  Further, whether younger students are 

able to accurately recall or conceptualize factors of interest such as social support, 

barriers to physical activity and self-efficacy is not clear at this time and may require 

collaboration with those more familiar with the target population in order to derive more 

appropriate assessments.   
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G. Study Limitations 

Findings of this study should be considered in light of several limitations in 

addition to those noted earlier in the discussion.  First, all measures utilized in this study 

were self-reported.  While use of objective measures in assessment of physical activity 

would be preferable, trends in reporting of physical activity in this study reflect those 

seen among older students nationally including more activity among boys than girls and 

more activity among younger versus older students (YRBSS, 2009).  This provides some 

support that the measures used in this study likely tapped into the same domains as 

objective measures and other widely-used self-report tools.  

Fewer students completed the study questionnaire than was anticipated during 

planning.  Based on the recommendation of at least 20 cases per predictor variable used 

in logistic regression, a minimum of 160 students would have been required for each 

stratified model containing our eight primary variables (Leech, Barrett and Morgan, 

2011).  This study met that requirement overall as well as for the model specific to girls 

and to 6
th

/8
th

 grade students.  The model specific to boys, while close to the 

recommended sample size, would have required a minimum of seven additional students 

to fully support the model.  Unfortunately, this study was 64 students short of 160 at the 

fourth grade level and by including all eight variables in the model, was effectively 3 

variables over the ideal limit given the sample size.  This contributed to the exceptionally 

large confidence intervals around the OR at the 4
th

 grade level that ultimately make 

interpretation difficult.  Future explorations would be enhanced by use of larger samples. 
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Due to the cross-sectional nature of this study, interpretation of between-group 

differences must be made with caution as the groups represent distinct students with 

unique personalities, life experiences and personal health habits.  Following the same 

group of students over time would represent a marked improvement in study design for 

future investigations. 

H.  In Conclusion 

For this sample of diverse, urban 4
th

, 6
th

 and 8
th

 grade students, self-reported 

physical activity declined most between 4
th

 and 6
th

 grade groups and this change was 

largely driven by the decrease in physical activity among girls.  The change in physical 

activity found in this study raises additional questions about the physical activity level of 

students prior to 4
th

 grade.  Addressing these new questions in future work will require 

study of younger students and use of longitudinal study designs.   

Use of the ecological model enabled a more complete understanding of factors 

associated with highly active students than did assessment at any single level of 

influence.  However, several variables assessed were not able to be used in this 

investigation as hoped, particularly at the environmental level of influence.  Future 

research in this area will be well-served to ensure complete environmental level variable 

data for use in analyses.   

Finally, differences in factors associated with reporting of high physical activity 

were noted between boys and girls as well as between older and younger students.  These 
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factors may warrant consideration in future research and intervention efforts designed to 

address insufficient activity in youth. 
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This survey is about physical activity and health.  It has been developed so 

you can tell us what may affect your physical activity habits.  The 

information you give will be used to help young people like yourself. 
 

Do Not write your name on this survey.  The answers you give will be kept 

private.  No one will know what you write.  Answer the questions based on 

what you really do. 
 

Completing the survey is voluntary.  There are no right or wrong answers.  

This is not a test.  Whether or not you answer the questions will not affect 

your grade in this class.  If you are not comfortable answering a question, 

just leave it blank. 
 

The questions that ask about your background will be used only to describe 

the types of students completing this survey.  The information will not be 

used to find out your name.  No names will ever be reported. 

 

Make sure to read every question.  Fill in the ovals completely.  When you 

are finished, follow the instructions of the person giving you the survey. 

 

 

Thank you very much for your help. 
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Please give one answer for each question unless otherwise noted. 
 

1. What is your gender?        7. How would you describe your grades in school? 

a.  Male     a.  Mostly A’s 

b.  Female    b.  Mostly B’s 

c.  Mostly C’s 

d.  Mostly D’s 

e.  Mostly F’s 
 

2. How old are you?         8.  How tall are you (without shoes on)?     

a. 9 years old or younger  ____ feet    _____ inches 

b. 10 years old 

c. 11 years old 

d. 12 years old 

e. 13 years old       9. How much do you weigh now?  

f. 14 years old or older    ______ pounds 
 

3.  What is your birth month?        10. How would you describe your body weight? 

a. January g. July   a.  Underweight  

b. February h. August   b.  About the Right Weight 

c. March i. September   c.  Overweight   

d. April  j. October  d.  Obese or very overweight 

e. May  k. November 

f. June  l.  December 
 

4.  What is your birth year?      11. What do you consider a health weight for a child 

 ________    your same gender, age and height?  

 ______ pounds 
 

5. What grade are you in?        12. What are you currently doing about your weight? 

a.  4th grade    a.  Trying to lose weight 

b.  6th grade    b.  Trying to gain weight 

c.  8th grade     c.  Trying to stay the same 

d.  I am not trying to do anything about  

 my weight 

6. How would you describe your race 

 or ethnicity?     (circle all that apply) 

a. Black or African American 

b. Hispanic/Latino                (continued on next page) 

c. White   

d. Other  please list:_____________ 
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The next group of questions asks about your physical activity or exercise habits. 

 

13. Have you done any of the following activities in the past 7 days (last week)? If yes, how many 

times have you done each activity? (mark only one box per row) 

 

 
 

(continued on next page) 
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14. In the last 7 days, during your physical education (PE/gym) classes, how often were you 

very active (playing hard, running, jumping, throwing)? (Circle one only.) 

a. I don’t do PE  

b. Hardly ever  

c. Sometimes  

d. Quite often  

e. Always  

 

 

15. In the last 7 days, what did you do most of the time at recess? (Check one only.) 

a.  Sat down (talking, reading, doing schoolwork) or Don’t have recess 

b.  Stood around or walked around  

c.  Ran or played a little bit  

d.  Ran around and played quite a bit        

 e.  Ran and played hard most of the time 

 

 

16. In the last 7 days, on how many days right after school, did you do sports, dance, or play 

games in which you were very active? (Check one only.) 

a.  None  

b.  1 time last week  

c.  2 or 3 times last week  

d.  4 times last week  

e.  5 times last week  

 

 

17. In the last 7 days, on how many evenings did you do sports, dance, or play games in which 

you were very active? (Check one only.) 

a.  None  

b.  1 time last week  

c.  2 or 3 times last week  

d.  4 or 5 last week  

e.  6 or 7 times last week  

(continued on next page) 
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18. On the last weekend, how many times did you do sports, dance, or play games in which you 

were very active? (Check one only.) 

a.  None  

b.  1 time  

c.  2 — 3 times  

d.  4 — 5 times  

e.  6 or more times  

 

 

19.  During the past 7 days, on how many days were you physically active for a total of at least 

60 minutes per day? (Add up all the time you spent in any kind of physical activity that increased 

your heart rate and made you breathe hard some of the time.) 

a.  0 days   b.  1 day 

c.  2 days   d.  3 days 

e.  4 days   f.  5 days 

g.  6 days   h.  7 days 

 

The next group of questions asks about your personal ideas about physical activity.   

 

20.  Please read and respond to each sentence below.  (mark only one box per row) 

 
 

(continued on next page) 



167 

 

21.  Please read and respond to the statements below asking how you feel when you are 

physically active.  (mark only one box per row) 

 

 
 

 

The next group of questions asks about how physical activity might affect you socially.   

 

22.  Please read and respond to the questions below.  (mark only one box per row) 

 
 

(continued on next page) 
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The final group of questions asks about things in your environment that might affect 

your physical activity. 

 

23.  Please read and respond to the sentences about things in your environment.  (mark only 

one box per row) 

 
 

 

24.  How many days in the past week did you walk, bike or skate to school? (circle one) 

a.  0 days 

b.  1 day 

c.  2 days 

d.  3 days 

e.  4 days 

f.  5 days 

 

 

25. What your home zip code?   

18 __ __ __ (please fill in numbers) 

 

 

(continued on next page) 
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26.  Do you know a place like this near your home?  (mark only one box per row) 

 

 
 

 

 

Thank you for completing this survey! 

 

Please turn your survey over and wait for it to be collected by the teacher. 

 


