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Abstract
Background—Physical education (PE) classes provide opportunities for children to be active.
This study examined the associations between specific environmental characteristics (teacher
characteristics; class size, duration and location; and lesson context) and elementary school-aged
children's moderate-to-vigorous activity (MVPA) during PE.

Methods—Environmental characteristics and student activity levels were measured in 211 3rd,
4th and 5th grade PE classes in 74 Texas public schools using SOFIT direct observation.

Results—Students engaged in less than half their PE class time in MVPA (38%), while
approximately 25% of class time was spent in classroom management. Percent time in MVPA was
significantly higher in outdoor classes compared to indoors (41.4% vs. 36.1%, p=.037). Larger
(p=.044) and longer (p=.001) classes were negatively associated with percentage of MVPA and
positively correlated with time spent in management (p<.001).

Conclusions—Findings suggest that children's activity may be influenced by environmental
factors such as class size, location, and lesson contexts. These findings hold important policy
implications for PE class organization and the need for strategies that maximize children's MVPA.
Further research is needed to test the causal association of these factors with student MVPA.
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INTRODUCTION
Physical education (PE) classes have been cited as one of the most important and available
avenues for the promotion of physical activity (PA) among children at school 1.
Unfortunately, low levels of PA among children in PE classes have been reported in several
studies 2-4. Nader et al.5 observed a sample of third grade PE classes from 684 U.S.
elementary schools and found that the classes only accrued an average of 11.9 minutes of
moderate-to-vigorous physical activity (MVPA) time (37% of class time). Results from
other studies suggest a wide variability in the total percent of class time students spend in
engage in MVPA during PE (8.5% to 43.9%)4-6. This variability in reported MVPA time
during PE suggest the need to better understand both the pedagogy of PE as well as the
environmental correlates of activity among children.

Ecological models of health behavior hold specific relevance for understanding children's
PA behavior during school time given that children's PA may be less influenced by their
individual motivations and more influenced by the context and content of time structured for
PA. The four domains posited in the Ecological Model of Active Living 7, socio-cultural,
built/physical, policy, and media/information, have relevant application to the PE setting.
Evidence suggests that the extent to which teachers promote activity, demonstrate
enthusiasm, and reward students may impact their level of activity 1, 8. In addition, the role
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of the built environment has demonstrated an impact on PA in terms of access to equipment
and the location of the class 9. Children's PA has been found to be positively associated with
availability of PA-related equipment 9-11. Location and facility of the class setting may also
be important predictors of activity. Previous research indicates outdoor lessons are more
active and indoor lessons involve more knowledge and sitting time 6, 10. Finally, state and
national level policies and guidelines have also affected PE by dictating frequency and
duration of classes as well as class size, requiring specific curricula, teacher certifications
and professional development12, and setting standards for percent of class time student
should be physically active 13.

One such guideline, The Healthy People 2010 report 13, includes as an objective that 50% of
PE class time should be spent in MVPA. Little is currently known, however, about the
proportion of classes that are currently meeting this objective, with the most recent report of
activity levels of a large sample of US elementary children during PE conducted by
McKenzie et al in 1995 6. Key changes have occurred in PE at the state, district, and school
level over the past decade 12, and as a result, examining current activity levels of children
during PE is important to understand the impact of these changes and inform future policy.

Furthermore, limited research has explored the association between environmental
characteristics and percent of time spent in MVPA during PE of children in the US. While
McKenzie et al6 found the greatest energy was expended during fitness activities and the
least was expended during knowledge-based activities, this study did not explore the
bivariate associations between student activity and lesson context. To our knowledge, the
only recent study that has explored this association was conducted by Chow et al8 in Hong
Kong among 4th-6th graders. Results from this study revealed that subject matter, proportion
of time allocated to lesson content, and teacher behavior related to PA were all significant
influences on students participation in MVPA8. This literature gap and the importance of
understanding child PA through an ecological framework demonstrates the need to further
examine the environmental characteristics that are directly associated with PA specifically
among elementary physical education in the US.

The present study examined the associations between specific environmental characteristics
(teacher characteristics, classroom characteristics, and lesson context) and MVPA in
elementary school children during PE class. As a secondary aim, we explored the
associations between teacher and classroom characteristics with lesson context.

METHODS
A secondary analysis was conducted on cross-sectional baseline data collected in fall 2006
from two coordinated school health intervention studies14, 15 implemented in Houston and
Austin, TX. At the onset of these studies, baseline data were collected from PE classes to
measure PA and environmental characteristics within the school setting. Since both studies
operated over the same time period and used similar study protocol and data collection
methods, data from both studies were combined for the current study.

Approval for the original study upon which these data are based was obtained from the
Committee for the Protection of Human Subjects at the University of Texas Health Science
Center at Houston and participating school districts.

Sample
The study sample was based on 74 randomly selected public elementary schools located in
two large metropolitan counties in Texas. Within the schools these Texas counties, 211 3rd,
4th, and 5th grade classes representing 6,740 students were measured.
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Data collection Measures
PA levels and lesson context during PE class time were assessed using The System for
Observing Fitness Instruction Time (SOFIT)16. SOFIT is a direct observation method that
utilizes a momentary time sampling and interval recording system to assess PA levels and
lesson context over a designated class period16. Three classes (3rd, 4th, and 5th grades) were
observed at each school. Trained observers randomly select 4 students at the onset of the
class to represent the activity of the entire class and code these students’ activity over the
entire class. SOFIT has been found to have strong evidence of inter-rater reliability and
construct, concurrent, and discriminant validity for the measurement of MVPA and PE
lesson context16-20. For the current study, data collectors were trained and certified in the
SOFIT protocol16, and reliability measures were taken in 10% of the classroom
observations. Inter-rater agreement for all reliability measures exceeded 90%.

In addition to the direct observation of student activity, data collectors also recorded
descriptive characteristics of the classroom, including grade level, gender of instructor,
location of class (indoor, outdoor, or both), actual start and end time, total time observed,
and number of students participating. Data on these variables were gathered via direct
observation and structured interviews with PE instructor. Lastly, data on school-level ethnic
composition and composition of economically disadvantaged students (determined by
students who qualify for free or reduced price lunch) was obtained for the study schools
from the Texas Education Agency (TEA)21.

Study Variables
Two dependant variables were examined in this study: (1) minutes and percentage of class
time spent in a specific lesson context (management, knowledge, skills, fitness, games and
other/free-play based on the SOFIT method16, and (2) minutes and percentage of class time
children spent engaged in MVPA during their physical education classes.

Socio-demographic and contextual characteristics described above represented the
independent variables under study. Lesson context is recorded simultaneously with the
observation of activity levels of children as part of the SOFIT protocol16 and is categorized
into six categories: management (class time when students are not intended to be involved in
physical education content), knowledge (class time when the primary focus is on knowledge
related to any aspect of physical education rather than on activity itself), fitness (activity
time devoted to activities whose major purpose is to alter the physical state of the individual
in terms of cardiovascular endurance, strength, or flexibility), skills (activity time devoted to
the practice of skills with the primary goal of skill development), games (activity time
devoted to the application of skills in a game or competitive setting), and other (free play or
recess periods when physical education instruction is not intended)16 . Based on the lesson
context data, additional variables entitled “sedentary lesson context” (combination of
management and knowledge) and “active lesson context” (combination of fitness, skills, and
games) were created.

Data Analysis
All analyses were conducted with SPSS version 16.0 (Chicago, Illinois). The unit of analysis
in this study was the entire class. Descriptive analyses were first conducted to describe each
metropolitan sample and the combined sample according to ethnicity, student economic
disadvantage, class size, and duration of class (class length). In assessing the comparability
of the two metropolitan samples for combining into one study sample, independent sample t-
tests were conducted to assess differences in school and class characteristics such as
ethnicity, socio-economic status and average class size and length. All subsequent analyses
were conducted with the combined baseline datasets.
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An analysis of means between groups was then conducted using independent sample t-tests
and ANOVA to determine the mean difference of the student activity (mean minutes and
percent total class time) and lesson context by teacher gender and indoor/outdoor class
location. Pearson and Spearman correlation coefficients were computed to evaluate the
bivariate relationship between additional characteristics (class length and class size) and
student activity and lesson context variables. The percent of total class time variable was
used rather than mean minutes when examining the bivariate relationships because it is more
comparable between classes of different lengths. Additionally, Healthy People 2010
objective targets percent of classroom time in MVPA rather than total minutes.

The relationship between percent of classroom time in MVPA and each specific contextual
characteristic was further examined using a linear regression model to determine the
contextual characteristics that were significantly associated with % MVPA time. Percent
time in MVPA was treated as the dependent or criterion variable, and the environmental
characteristics were treated as the independent or predictor variable. We included
environmental characteristic variables that were found to be significantly related to MVPA
at the p≤.05 level based on the bivariate analyses. For these analyses, each variable was
entered into a separate model. Models were adjusted for grade level and study site due to the
significant differences observed between these two sites in ethnicity, class size, and class
length.

RESULTS
Sample Characteristics

Hispanic students represented the highest ethnic composition of the total sample based on
school-level data (62.2%) followed by African-American (22.0%), and Caucasian (14.19%).
The student composition of the sample was predominantly low income, with 76.9%
classified as economically disadvantaged.

Descriptive Characteristics of the Class Lessons
A total of 211 lessons were observed across the 74 evaluation schools, which included 74
third grade lessons, 72 fourth grade lessons, and 65 fifth grade lessons (Table 1). Sixty
lessons were taught by males (28.4%), and 148 were taught by females (70.1%). Most
lessons took place indoors (68.7%). The mean class size among all three grades was 32.6
students (±18.4), and the mean class length across all grades was 43.6 minutes (±5.36)

Student activity and lesson context
MVPA was similar across grades, with a mean of 16.4 minutes (37.9%), and all grade levels
spent a similar percent of class time being very active (Table 2). The greatest proportion of
PE class time among the five activity levels across was spent standing (mean=36.8%),
followed by sitting (mean=24.4%). For sedentary lesson contexts, classes spent an average
of 23.2% in management and 14.8% in knowledge lesson contexts. When looking at the
active contexts (fitness, skills, and games), the greatest proportion of class time across
observations was spent in fitness activities (mean = 24.4%) followed by game activities
(mean = 20.5%).

Teacher Gender
Overall, children stand more, exert less MVPA, and play more games in male-directed
classes (Table 3). Children in male-led class spent 42.6% of class minutes standing
compared to 34.3% in female-led classes (p≤.001). In contrast, male-directed classes spent
less time walking (21.0% v. 24.7%, p≤.05) and engaged in MVPA (31.0% v. 39.2%, p≤.05)
than female-directed classes. Compared to female led classes, male-directed classes spent
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significantly less time in knowledge (11.5% v. 16.1%, p≤.001) and skill activity lesson
contexts (6.9% v 16.0%, p≤.001). Male teachers spent almost double the amount time in
games compared to the females (29.2% v. 17.2%, p≤.001).

Lesson Location
Indoor classes were more sedentary and focused more on skill development than outdoor
classes (Table 4). Classes held indoors spent significantly more time sitting (26.8% v.
16.8%, p≤.001), engaged in knowledge (16.0% v. 11.6%, p≤.05), and engaged in skills
(16.2% v. 8.1, p≤.05) compared to outdoor classes. In contrast, outdoor classes spent more
time playing games (27.1% v. 18.0%, p≤.05).

Class Size
We found that as class size increases, the proportion of class time devoted to class
management also significantly increases (p≤.001) (Table 5). Classes with less than 20
students averaged 19.5% of class time in management compared to classes with greater than
60 students that averaged 28.2%. (p≤.001). Smaller classes had a greater percentage of class
time allocated to skills context (p≤.01), and classes with between 40-59 students displayed
the greatest number of minutes devoted to game activities (27.4%, p≤.01) compared to other
groups.

Lesson Context and Environmental Characteristics
Time spent in management context was positively correlated with the class size (r=.337; p<.
000) and class length (r=.197, p≤.01). In contrast, class length was negatively correlated
with % time in MVPA (r=-.207; p≤.01). Additionally, a significant correlation was seen
between class size and class length (r=.200; p≤.05).

Lesson Context and Student Activity
In general, sedentary lesson contexts (management and knowledge) were correlated with
inactivity. Management and knowledge were positively correlated with sitting (r=.24 and .40
respectively; p≤.001) and negatively correlated MVPA (r=-.38 and -.25; p≤.001) (Table 6).

Alternatively, time spent in fitness was positively correlated with MVPA time (r=.274; p<.
001) and negatively correlated with standing (-.311, p≤.001). Games were positively
correlated with sitting and standing (r=.141, .259; p<.040).

Contextual Predictors of MVPA
Results of the linear regression analysis reveal a significant relationship between percent
time in MVPA and all environmental characteristics except teacher gender. MVPA was
negatively associated with increased class time (β=-.612; p≤.001), sedentary lesson context
(β=-.495; p≤.001), and class size (β=-.118; p≤.05). Positive associations were seen between
MVPA and class location (β=5.538; p=.028), active lesson context (β=.203; p<.000).

DISCUSSION
The main findings of this study indicate that large class size, longer duration of class, indoor
lesson location, and sedentary lesson contexts are predictors of decreased MVPA whereas
active lesson context, fitness lesson context, and outdoor lessons are significant predictors of
increased MVPA.

At the time this study was conducted, state legislation (Senate Bill19) required children
participate in 135 minutes each week of physical activity, however, this bill did not mandate
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class size, quality, accountability, or percent of class time students needed to participate in
MVPA22. Only 19.4% of the classes observed (n=41) in this study met the Healthy People
201013 objective of 50% of class time spent in MVPA. On average, our study showed that
38% of class time was spent in MVPA, which is similar to findings reported by Nader and
colleagues (37% MVPA) in their study of third grade children in the United States5. Our
study also revealed that classes spent close to a quarter of class time sitting, which is
consistent with prior research among Texas schoolchildren6 and highlights the need for the
integration of evidence based strategies and curricula to increase MVPA.

Although the average class time in our study (44 min) was markedly higher than reported in
previous research from the United States6,23, there was a significant negative association
seen between class length and percent time in MVPA, suggesting longer classes may yield
less activity. On the other hand, class length was positively associated with class size,
suggesting that longer classes typically contain more students which could adversely affect
activity time. This suggests it may be beneficial to schedule shorter PE classes more
frequently during the week rather than longer classes less frequently to maximize activity
time among students. Alternatively, different strategies may be needed to increase MVPA
among classes of longer duration.

Overall, teachers spent close to a quarter of total class time in the management context
which is also consistent with previous research and may be a direct result of classes that are
too large6,8,23. The National Association for Sport and Physical Education (NASPE)
suggests large classes inhibit the amount of MVPA for each student and recommends classes
be no larger than 25 students per teacher 24,25. Only 49% of the classes in this study met this
recommendation. These findings reinforce the notion that large class size inhibits the quality
of the class by decreasing the amount of MVPA and increasing the amount time devoted to
classroom management.

Our finding that lesson location is associated with student activity is consistent with prior
research that suggests that outdoor lessons generate increased student activity, while indoor
lessons offered more sitting time and knowledge context6. In our study, indoor classes were
less active and more focused on knowledge and skills activities, while outdoor classes were
more active and focused on games and fitness. While the indoor setting may be more
conducive to teaching knowledge and skills due to its closed environment, it appears that the
outdoor setting lends itself more to games and fitness, suggesting that teachers should
consider using a mixture of both outdoor and indoor lessons to maximize all domains of
physical education. These findings also suggest the need for strategies to increase MVPA
while students are indoors such as providing knowledge or management information while
students are engaged in activity. Strategies to increase MVPA in PE classes have been
documented in coordinated school health programs such as CATCH26 and SPARK27.

In contrast to previous research by McKenzie et al6, our study found significant differences
in classes by teacher gender for MVPA time and various lesson contexts. The emphasis on
games among the male-led classes creates some concern in that if students are not afforded
enough time in other contexts to develop competence in their skills or fitness, they are less
likely to participate in PA outside of the school setting28. Future research is needed to
elucidate the reason for the differences between male and female-led classes.

The association between game context and sitting down is likely due in large part to the
common inclusion of elimination-type games in current PE classrooms by which students
are instructed to sit down or wait when they are ‘out’ of the game. Recent research has
found that non-elimination games provide more MVPA compared with elimination games,
although elimination games may be more enjoyable29. Evidence-based curricula such as
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SPARK27 and CATCH26 that incorporate activity promoting strategies have been found to
increase student MVPA. Additionally, state and district level professional development
opportunities should be provided for practicing teachers to equip them with methods and
strategies to minimize sitting and standing in PE class.

Strengths and Limitations
This study provides a detailed understanding of the environmental characteristics of PE class
and their relationship to PA among elementary school children in Texas. This study
contributes to a limited body of literature on classroom context and student activity levels
amongst elementary-aged children in the United States. Additionally, this study includes
observations from multiple sites across Texas representing a diverse, low income population
of over 6,500 students from multiple grades in 12 school districts. These strengths
notwithstanding, specific limitations merit mention. First, because these data are cross-
sectional, we cannot conclude causality. Second, even though teachers were instructed to
behave normally while their classrooms were being observed, it is possible that they may
have made changes or adjustments to their classes while they were being observed.
Additionally, our data are drawn from an urban sample which may not be generalizable to
more rural or suburban schools. Finally, we acknowledge that this study does not explore all
potential predictors of student MVPA such as access to facilities or resources for PA. As
reported by Chow et al8, teachers behaviors that promote physical activity such as
enthusiasm and rewards may also be important predictors of MVPA. Future research is
needed to explore the potential influence of these behaviors in conjunction with contextual
predictors on student MVPA.

IMPLICATIONS
Given that less than 20% of classes examined in this large sample of elementary school PE
class observations met the Healthy People 2010 objectives13, significant changes are
necessary to modify elementary school PE to have the maximum impact on cardiovascular
health and obesity prevention. Findings from this study first and foremost identify a
continued need for the incorporation of strategies to maximize the amount of time
elementary school children engage in MVPA during PE class. Secondly, our findings
provide further justification for the current recommendations on limiting class size to no
larger than 25 students per PE class24,25.

In terms of pedagogical practice, specific attention should be paid to the lesson context.
Since classes are spending over one -third of their class in management and knowledge, it
will be important for teachers to integrate strategies recommended by organizations such as
NASPE to increase activity during management and knowledge time.

Given the range of benefits for physical activity in children30, it is critical that we take an
aggressive approach towards improving the delivery of PE classes to increase student
activity and physical fitness. Supporting an environment conducive to maximum
engagement in PA, providing appropriate and sufficient teacher training and professional
development opportunities, and instituting policy to ensure the consistency and quality of
these classes are critical considerations for both engaging children in recommended levels of
PA as well as preparing children for a lifetime of enjoyable PA.
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Table 7

Association between Environmental Characteristics and % of Class Time in MVPA Based on Independent
Linear Regression Models

Environmental Characteristic
A

(Predictor) Unstandardized Coefficient β Standard Error p 95% Confidence Interval

Total Class Time -.620 .178 .001 [-.972, -.269]

Number of Students -.151 .055 .007 [-.260, -.042]

Location of Class
B 5.794 2.817 .041 [.233, 11.354]

Teacher Gender
C 3.244 2.037 .113 [-.771, 7.20]

Sedentary Lesson Context
D -.498 .060 .000 [-.616, -.304]

Active Lesson Context
E .201 .049 .000 [.104, .299]

Fitness Lesson Context .163 .040 .000 [.084, .242]

Management Lesson Context -.416 .073 .000 [-.559, -.272]

Knoweldge Lesson Context -.462 .108 .000 [-.677, -.249]

A
Separate regression models were conducted for each individual variable adjusting for grade level and site location in each model

B
Dummy variables for class location : indoor classes= 1 and outdoor classes =2; classes in both location were excluded from this sample

C
Dummy variables for teacher gender: male teachers= 1 and female teachers =2

D
Sedentary Lesson Context refers to the combination of % time in management and knowledge contexts

E
Active lesson context refers to the combination of % time in games, fitness, and skills
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