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Environmental Correlates of Objectively Measured
Physical Activity and Sedentary Behavior
in After-School Recreation Sessions

Richard R. Rosenkranz, Greg J. Welk, and David A. Dzewaltowski

Background: Active recreation sessions taking place within after-school programs (ASP) present an oppor-
tunity for attending children to attain part of the recommended 60 minutes of daily moderate-to-vigorous
physical activity (MVPA). This cross-sectional study’s purpose was to assess relationships between microlevel
ASP environmental characteristics and physical activity and sedentary behavior (SED). Methods: During
161 ASP active recreation sessions, 240 children from 7 schools wore Actigraph GT1M accelerometers and
were observed up to 6 times per year, over 3 years. To provide microlevel environmental data, trained observ-
ers recorded session times, location, duration, organization, equipment, and number of children and staff.
Unadjusted bivariate correlations and multivariable regression analyses were used to assess the influence of
microlevel environmental variables on MVPA and SED, with regression models controlling for relevant covari-
ates. Results: Across all ASP active recreation sessions, children spent 39 + 15% in MVPA and 16 + 11% in
SED. Session location, boy-to-girl ratio, and duration were significantly related to MVPA in the regression
model. For SED, location and duration were significant influences in the model. Conclusions: Both location
and duration appear to be modifiable correlates of group physical activity level, which may serve to inform
intervention efforts to promote physical activity in ASP.
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Moderate-to-vigorous-intensity physical activ-
ity (MVPA), is associated with numerous positive
health-related outcomes in children and adolescents
(collectively termed youth), including physical fitness,
musculoskeletal health, and the prevention of obesity.!
Recent investigations have also focused on academic
outcomes associated with MVPA, and have found positive
influences from MVPA on concentration, memory, and
classroom behavior.? Sedentary behavior (SED), which
reflects waking time with little physical movement and
low levels of energy expenditure, has been linked with
obesity and other negative health-related outcomes in
youth.? Often, television viewing or other “screen time”
activities are used as a proxy measure for SED, and there
is good evidence for an association between hours of
watching television or screen time and metabolic syn-
drome, overweight and obesity in youth.3

Many American youth do not meet the current
recommendations of 60 minutes MVPA daily* and
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subsequently are at risk for negative health conse-
quences.! Furthermore, the proportion of youth meeting
the MVPA guidelines tends to drop from childhood to
adolescence.* Similarly, many youth engage in sedentary
behaviors such as television watching and other screen
time more than the American Academy of Pediatrics’ rec-
ommended’ maximum of 2 hours per day.® Collectively,
the abundance of inactive youth represents a population-
level missed opportunity for health gain gained from an
active lifestyle and simultaneously poses a public-health
problem with respect to risk for chronic disease. >

In accordance with the Behavioral Epidemiological
Framework,’ research focused on investigating correlates
or determinants of MVPA and SED is important for the
development of evidence-based interventions designed
to increase MVPA or decrease SED in youth popula-
tions. Knowledge of nonmodifiable correlates, those
that are not able to be readily changed, (eg, gender, foul
weather) can assist in the selection of target populations
or the creation of tailored interventions.® On the other
hand, knowledge of modifiable correlates can assist in the
development of effective interventions.® Presently there
are a number of high-quality literature reviews avail-
able on both nonmodifiable and modifiable correlates of
MVPA in children and adolescents®!%! and one of these
also addressed correlates of SED.? In the literature, there
has been consistent evidence for the following correlates



of MVPA in children: sex (male), parental physical
activity, social support, weight status, physical activity
preferences, intention to be active, perceived barriers
(inverse), previous physical activity, healthy diet, access
to facilities or programs, self efficacy, and time spent
outdoors.®! With regard to SED, the evidence base is
presently too small to show consistent findings that can
be interpreted with confidence, although there is some
evidence for the following correlates of SED in children:
ethnicity, single-parent household, and urban versus
suburban dwelling.® Unfortunately, many of these studies
within the systematic reviews are limited by self-report
or proxy measures of MVPA and SED that are prone to
various biases, and further work with objective measures
will be useful to confirm or refute the previously reported
observed associations.

Until recent years, research on correlates of MVPA
tended to focus heavily on psychosocial factors.! More
recently, correlate research has begun to address broader
environmental factors.!!-13 According to the ANGELO
(Analysis Grid for Environments Linked to Obesity)
ecological framework, environmental factors can be
classified into 4 types: physical, sociocultural, economic,
and policies.!! Each type of environmental factor can
also be conceptually defined, identified, and measured
with a microlevel environment (smallest in scope, most
proximal to an individual; eg, classroom), or macro-level
environment (largest in scope; eg, school district) within
environmental settings ranging from the classroom, to the
school, neighborhood, city, and so on.'!

Physical activity researchers have used both subjec-
tive self-report data and objective methods such as direct
observation or geographic information systems (GIS)
to assess potential relationships between microlevel
or macro-level environmental attributes and MVPA or
SED.'!-15 In research on youth MVPA, researchers have
recently begun to investigate microlevel influences of the
school environment on MVPA in youth.!6-2* Although the
evidence base is rapidly growing with respect to micro-
level correlates of youth MVPA in the school setting,
many studies do not use objective measures of environ-
ments, MVPA, or SED, fail to control nuisance variables
in the analysis, or do not assess environmental influences
when children have apparently equal opportunities to
be physically active within a defined behavior setting.'!

The after-school period appears to be a critical
window of opportunity for children to be physically
active® and after-school programs are one example of
a setting where populations of children may participate
in substantial amounts of MVPA during this critical
window.2627 To our knowledge, no previous studies have
focused specifically on the microlevel environmental
correlates of MVPA and SED in after-school program
recreation sessions. Therefore, the purpose of this study
was to investigate the associations between microlevel
environmental characteristics of after-school program
active recreation sessions and session-level MVPA and
SED among attending youth. Specifically, our aim, based
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on a public-health focus, was to use active recreation ses-
sions as the unit of analysis to determine the influence of
directly observed microlevel after-school environmental
variables on objectively measured MVPA and SED.
Such an approach lends itself to the development and
testing of potential policy-level interventions designed
to promote activity in populations of children, based on
manipulations to the environmental features of active
recreation sessions.

Methods

This cross-sectional study is based on data analyses of
161 active recreation sessions attended by children (N =
240) in third or fourth grade (ages 8 to 10 years) at 1 of
7 after-school programs in the Healthy Opportunities for
Physical Activity and Nutrition (HOP’N) After-School
Study.?® HOP’N was a group-randomized controlled trial
conducted over 3 years that was designed to prevent child-
hood obesity through increased opportunities for MVPA
(at least 30 minutes daily, extra sports/games equipment)
and healthful eating, staff training, and an educational
curriculum delivered in after-school programs. The
microlevel environmental variables were operationally
defined as the directly observed active recreation session
characteristics: 1) inside or outside location, 2) organized
or free play activity, 3) nonfixed equipment provided or
not, 4) total number of children, 5) ratio of girls to boys, 6)
ratio of staff members to children, and 7) duration of ses-
sions. These microlevel environmental variables presently
under study were not targeted in the HOP’N intervention,
though intervention programs did receive staff training
that was based on CATCH guidelines? for organized
MVPA, and also received CATCH game equipment (eg,
balls, hoops, scarves, cones). Staff training for increas-
ing physical activity opportunities in after-school time
emphasized active involvement of all attending children,
the use of nonelimination games instead of elimination
games, and the minimization of inactive instructional
management time (ie, giving directions while children
sit or stand in place) during active recreation sessions.
Multivariable regression models (discussed below) were
used to control for the potential influence of the interven-
tion condition, after-school program site, and study year,
such that adjusted analyses would portray the independent
relationship between microlevel environmental exposures
and the outcomes of MVPA and SED.

The current study extends earlier work led by Cole-
man?® and Trost?” on the HOP’N project, and uses the
recreation session as unit of analysis to assess the asso-
ciations between microlevel environmental variables
and session-level accelerometer-measured MVPA and
sedentary behavior in active recreation sessions at both
intervention (n = 4) and control (n = 3) sites. The use of
recreation session as the unit of analysis is an important
feature of our study in aligning with earlier work by
McKenzie and colleagues®>2*and our use of an ecological
framework with a broad public health focus. With that,
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our study findings are meant to represent a population
of after-school program active recreation sessions where
children attend, and our findings are meant to generalize
across this population of sessions, rather than represent
or generalize across children.

Sample

The current study’s data were collected during 161 active
recreation sessions from 18 observation days per after-
school program site, spread over 3 academic years. Active
recreation sessions lasted an average of 27.5 minutes
(SD = 17.6), including an average of 16 children (SD =
10) per session. The mean age of participating children
was 9.3 years (SD = 0.7) at baseline of each study year,
and was 51% males. The sample included third graders
(22%), fourth graders (78%), non-Hispanic Caucasians
(62%) minority race/ethnicity (38%), and 49% were
lower socioeconomic status (eligible for free or reduced
lunch). Children assented to participate, and their parents
signed a consent form before data collection. At each
after-school program site, a new cohort in the fourth-
grade group was recruited each of the 3 years, so children
were not followed longitudinally across years. This study
was approved by the IRB at Kansas State University, and
by the Lawrence Unified School District 497’s research
committee.

Observations

During after-school program (ASP) time, which lasted
about 2 hours each day, a research assistant recorded
activities and events of the after-school program’s fourth-
grade group as discrete sessions (defined as an activity
that 51% or more of children were doing as a group) in
a customized log book, making note of start and stop
times for each session. As previously described,?®?7 ses-
sions were categorized as one of the following: 1) Active
recreation, 2) Nonactive recreation, 3) Academic time,
4) Enrichment, and 5) Snack. Thus, recreational activi-
ties were categorized as active or nonactive. Examples
of nonactive recreation sessions included playing board
games and reading for fun. Active recreation featured
some focus on physical activity, either organized by adult
leaders or free play. These active recreation sessions (161
sessions across 3 years) typically were located either on
the outside playgrounds or in the school gymnasium.

Environmental Variables

As previously described,?¢ each after-school active rec-
reation session was evaluated using the environmental
support categories from the System for Observing Play
and Leisure Activity in Youth (SOPLAY??). Sessions were
coded dichotomously based on whether the environments
were 1) usable for physical activity, 2) supervised by
after-school personnel, 3) equipped beyond permanent
improvements, and 4) organized by adult leaders. All 161

sessions were observed to be usable for physical activity
and supervised by adult leaders. Active recreation ses-
sion organization was dichotomized as either organized
or free play. Organized active recreation featured close
supervision and direction by an adult leader, with adult-
defined rules, boundaries, and expectations. In contrast,
free play was remotely supervised by an adult and did
not involve adult-defined rules, boundaries, and expec-
tations. With SOPLAY observations, research assistants
also recorded the session location (dichotomized as inside
or outside), as well as the number of boys, girls, and
staff present. From research assistant observations, we
derived environmental variables for each session, includ-
ing duration, number of children, session organization,
location, equipment availability, boy-to-girl ratio, and
staff-to-student ratio,

Physical Activity and Sedentary Behavior

As previously described,?” physical activity level was
measured objectively using Actigraph GT1M uniaxial
accelerometer-based monitors (Shalimar, FL), employ-
ing a 30-sec epoch. Monitors were emplaced by trained
research assistants and worn by participants at the waist
(right iliac crest) on an adjustable elastic belt. Teams of
2 research assistants attended each after-school program
site 6 days per school year for 3 years to observe and col-
lect physical activity data. Accelerometers were worn on 1
observation day every 4 to 5 weeks, including a Monday,
Tuesday, and Thursday (in random order) during each
semester, totaling 6 days across both semesters. Partici-
pating children wore Actigraph monitors for the entirety
of their after-school program attendance each data collec-
tion day. Upon children’s arrival at the program, research
assistants attached an Actigraph monitor to each child’s
hip (at right iliac crest) using an elastic belt. In a logbook,
research assistants noted time of monitor attachment,
child participant number, and accelerometer identifica-
tion number. At the end of the program day, or when the
child left the program, a research assistant removed the
Actigraph, making note of the time.

Accelerometer count data for each child in each
active recreation session were uploaded to a customized
computer program to determine the percentage of active
recreation session time spent in SED (<100 counts per
minute?’) and MVPA (>4 metabolic equivalents). The
age-specific counts-per-minute threshold for 4 metabolic
equivalents was derived from a Freedson and colleagues’
MET prediction equation,?! divided by 2 to accommodate
the 30-sec epoch length. Similarly, the 100 counts-per-
minute threshold was also divided by 2 to accommodate
the 30-sec epoch length. Active recreation session codes
and start/stop times, child attendance, and accelerometer
wear times were used to ensure only the data of children
who attended and wore a monitor in each active recreation
session were analyzed. Nonwear time was assessed by
counting 20 or more consecutive epochs of zero counts,
and these nonwear data were excluded from analyses.



Thirty minutes of valid accelerometer data per child per
after-school program day were required, a priori, for
inclusion in analyses, and accelerometer files with less
than 30 minutes were excluded from analyses. Means
for all attending children within each individual active
recreation session were computed to render a session-
level percentage of time spent in MVPA and SED for all
161 sessions, and these means were then merged with
the session-level observational environmental variable
dataset by matching after-school program, date, session
number, and start/stop time.

Statistical Analysis

Descriptive statistical analyses were performed using
SPSS (version 18.0; SPSS Inc., Chicago, IL). Infer-
ential statistical analyses were performed using SAS
software (version 9.1; SAS Institute, Cary, NC). Micro-
level environmental variables used in analyses included
dichotomous (session location inside or outside, session
equipment present or not, session organized or free
play), ratio (boy-to-girl ratio, staff-to-student ratio) and
interval variables (session duration in minutes, session
number of children). Spearman correlation (for ratio and
interval variables) or point-biserial (for dichotomous
variables) correlation coefficients were used to assess
the unadjusted association between each microlevel
environmental variable and percentage of time in MVPA
and SED. Associations between environmental variables
and MVPA or SED were examined using a linear regres-
sion model (PROC MIXED), controlling for study year
(1, 2, 3), intervention condition (intervention, control),
and observation number, with after-school program site
as random effect (to address clustering of sessions within
after-school programs). An alpha level for significance
was set at 0.05.

Table 1
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Results

Across all 161 active recreation sessions, the mean
percentage of time spent in MVPA was 39.0% (SD =
14.6%). Across these 161 active recreation sessions, the
mean percentage of time spent in SED was 16.1% (SD =
10.9%). For descriptive purposes, Table 1 displays means
and standard deviations of MVPA and SED by session
organization, session location, and session equipment.

Across sessions, percent time in MVPA and SED
showed a strong inverse correlation (r; = —0.741, P
< .001). Among the unadjusted bivariate correlation
analyses, MVPA was significantly correlated with session
organization (r,, =—0.268, P = .001) and session location
(rpp=—0.274, P < .001). Among the unadjusted bivariate
correlation analyses, MVPA was not significantly cor-
related with session equipment (7, = 0.124, P = .118),
boy-to-girl ratio (r; = 0.146, P = .067), session number
of children (r, = .148, P = .062), session duration (r, =
-0.116, P = .147), or staff-to-student ratio (r, = —.093,
P =.247).

Among the unadjusted bivariate correlations, SED
was significantly correlated with session organization
(rpp = 0.156, P = .048), session location (r,, = 0.247, P
=.002) and session duration (r, = 0.170, P = .032). In
the unadjusted bivariate correlation analyses, SED was
not significantly correlated with session equipment (7,
=-0.123, P = .119), boy-to-girl ratio (r, = -0.073, P =
.363), session number of children (r,=-0.094, P = .237),
or staff-to-student ratio (r;, = 0.046, P = .564).

Multiple linear regression analyses (shown in Table
2) were used to examine the associations between micro-
level environmental variables and physical activity levels,
adjusting for potential covariates. The regression model
presented in Table 2 depicts the influence of a 1-unit
change in each microlevel environmental variable on

Descriptive Statistics of Physical Activity Levels

by Session Organization, Location, and Equipment Status

Mean percent time

Mean percent time

in MVPA (SD) in SED (SD)

All active recreation sessions (n = 161) 39.0 (14.6) 16.1 (10.9)
Session organization

Organized (n = 81) 35.4 (16.0) 17.4 (10.5)

Free play (n = 80) 42.6 (12.2) 14.7 (11.2)
Session location

Inside (n = 86) 35.5 (15.3) 18.5(11.5)

Outside (n =75) 43.0 (12.7) 13.2 (9.6)
Session equipment

No equipment provided (n = 23) 34.2 (14.6) 18.4 (9.8)

Equipment provided (n = 138) 39.8 (14.5) 15.7 (11.1)

Abbreviations: MVPA, moderate-to-vigorous physical activity; SED, sedentary behavior.
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Table 2 Results of Multiple Regression Analyses Examining
Microlevel Environmental Variables Contributing to Physical Activity
Level Within After-School Program Active Recreation Sessions

Model components? MVPA SED
Session organized® -2.5 1.9

Session located inside® -5.4% 5.4%
Session equipment provided® 3.2 -1.8
Intervention condition® 1.2 -0.9
Boy-to-girl ratio® 15.9% -6.3
Staff-to-child ratio® -7.7 -1.7
Session number of childrend -0.1 -0.6
Session duration in minutes? -0.2% 0.1*
Intercept 43.7% 14.9%

Abbreviations: MVPA, moderate-to-vigorous physical activity; SED, sedentary behavior.

2Data are unstandardized coefficients, reflecting the amount of change in percentage of time in MVPA
or SED for each 1-point change in the variable, controlling for all other model variables, plus after-
school program site, study year, and observation number.

b Dichotomous variable.
¢Ratio variable.
dInterval variable.

*P < .05.

the percentage of time spent in MVPA or SED. In the
regression models for MVPA, we assessed the indepen-
dent contributions of session structure, session location,
session duration, session equipment, session number
of children, boy-to-girl ratio, and staff-to-student ratio,
while controlling for after-school program site, study
year, observation number, and intervention condition.
In this model, the type III tests of fixed effects showed
that session location (F 144 = 4.13, P = .044), session
duration (F 144 = 6.72, P = .010), and boy-to-girl ratio
(F1,144=4.80, P = .030) made significant contributions to
the MVPA model. In contrast, the type III tests of fixed
effects showed that session structure (F; 144 = 0.84, P =
.360), session equipment (¥ 144 = 1.08, P =.301), session
number of children (F 44 = 0.58, P = .447), and staff-
to-student ratio (F 144 = 1.77, P = .186) did not make
significant contributions to the MVPA model.

In the regression models for SED, we paralleled the
statistical analysis for MVPA by assessing the indepen-
dent contributions of session structure, session location,
session duration, session equipment, session number
of children, boy-to-girl ratio, and staff-to-student ratio,
while controlling for after-school program site, study
year, observation number, and intervention condition. In
this SED model, the type III tests of fixed effects showed
that session location (£} 44 = 6.92, P = .009) and ses-
sion duration (F 144 = 5.63, P = .019), made significant
contributions to the SED model. In contrast, the type III
tests of fixed effects showed that session structure (F j44
= 0.83, P = .364), session equipment (F} 44 = 0.60, P
= .441), session number of children (F 44 = 0.44, P =

.508), boy-to-girl ratio (F 144 = 1.30, P = .256) and staff-
to-student ratio (F 144 = 0.15, P = .698) did not make
significant contributions to the SED model.

Discussion

Our study sought to investigate the associations between
microlevel environmental characteristics of after-school
program active recreation sessions and session-level
MVPA and SED of attending youth. Across 18 observa-
tion days over 3 academic years at 7 program sites, we
observed 161 active recreation sessions, about 1.3 per
day. Active recreation sessions were homogeneous with
regard to supervision and usability for physical activity,
as all sessions were supervised by at least 1 adult leader,
and all were located in school areas that were usable for
physical activity. Active recreation sessions were het-
erogeneous with regard to number of attending children,
staff-to-student ratio, boy-to-girl ratio, session organiza-
tion, session location, session duration, and presence of
equipment for physical activity. On average, these active
recreation sessions engaged attending children in MVPA
for 39% of session time, and children were sedentary for
an average of 16% of active recreation session time. Thus,
a given active recreation session at an after-school pro-
gram in our study contributed about 11 minutes of MVPA
(totaling about 14 minutes per after-school program day
from active recreation sessions) toward a recommended
total daily accumulation of 60 minutes per day for school-
aged youth.! This study’s total is lower than the findings
of Trost and colleagues,?’ but the present paper focused



only on the contribution of active recreation sessions,
rather than MVPA attained in all types of sessions during
after-school program time.

The main finding of our study was that in the adjusted
regression models, the microlevel environmental char-
acteristics of the active recreation sessions were signifi-
cantly associated with both the percentage of time spent
in MVPA (specifically session location, session duration,
boy-to-girl ratio) and also SED (specifically session loca-
tion, session duration). Although research on after-school
program activity levels is limited, comparisons of the
current findings to earlier school-based research on school
recess and physical education may provide interesting
insights, especially given that we observed a nearly even
mix of structured active recreation sessions (similar to
structured physical education classes) and free-play active
recreation sessions (similar to recess). Aside from previ-
ous studies using HOP’N after-school first-year data, 027
this finding supports a previous school-based study of
middle-school youth that showed environmental charac-
teristics explained 42% of the variance in the proportion
of girls who engaged in MVPA, and 59% of the variance
for boys.!8 In particular, in the current study, sessions held
outdoors were significantly more physically active, and
also less sedentary, compared with sessions held indoors.
This aligns with McKenzie’s?? observational study of
293 third-grade physical education classes, where lower
percentages of time spent sitting and higher percentages
of time spent walking, being very active and engaged in
MVPA were seen in the outdoor classes. Our findings
also agree with Trost’s?! finding for MVPA, but simul-
taneously controls for session organization, and extends
the work to show an association between location and
SED. Unlike the earlier findings from HOP’N,?%27 our
results did not find a significant association for session
organization, in that there was no significant difference
between free play and organized sessions when control-
ling for all covariates in the adjusted regression model.
Outdoor active recreation sessions were most likely to
be free play instead of organized, and the organized ses-
sions were most likely to occur inside, so it appears that
when controlling for indoor versus outdoor location, the
influence of session organization became nonsignificant.

Our finding that youth were more active and less sed-
entary outdoors indirectly supports 2 previous studies on
school recess!” and preschool recess!¢ that both found less
space per child was associated with lower activity levels.
Although our study was limited in that we did not directly
measure space per child, all of the outdoor playground
areas provided more space per child than the indoor
playground areas available at each after-school program
site. It is also possible that outdoor activity levels were
greater than indoor activity levels for reasons beyond
just the available space, such as differing recreational
or instructional objectives of staff.?> Furthermore, each
outdoor after-school program site was equipped with
playground structures such as slides, swings, climbing
towers, and other fixed equipment, which could have
impacted activity levels. Our observed variation in MVPA
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and SED by location finding also corresponds more
generally with previous research showing that time spent
outside is associated with greater levels of free-living or
habitual MVPA in youth.!? The present finding is novel,
in that no previous study has investigated whether active
recreation sessions in after-school programs differ in SED
levels by indoor versus outdoor location, and few have
investigated this location issue for MVPA.?’

In terms of actual effect size, our finding of MVPA
and SED variability by location indicates that children
were likely to accumulate about 1.5 more minutes of
MVPA, and about 1.5 minutes less of SED in an average-
duration active recreation session held outdoors, versus
indoors. For children attending a program featuring 1
active recreation session per day, this difference between
outdoors and indoors could theoretically add up to an
additional 1 full hour of MVPA, and also 1 full hour less
of SED every 8 weeks. This influence on physical activ-
ity levels could be meaningful at the population level in
terms of energy balance and health-related outcomes.

Among the most robust of findings in the correlate
literature for youth physical activity is that boys tend
to be more physically active than girls.%10 It is not sur-
prising then that our study showed sessions had higher
levels of MVPA commensurate with higher boy-to-girl
ratios of attending children, even when controlling for
other covariates, but we found no significant relationship
between boy-to-girl ratio and SED. Although our study
was framed around environmental session-level variables
rather than individual-level variables, related research
from HOP’N has shown that girls are less active than
boys in after-school time.?”-32 Research by McKenzie and
colleagues has also shown that boys tend to be more active
than girls in physical education classes, and particularly
during free play activity.?>?3 Research in the school recess
context also has shown this sex difference.'??° Our study
adds to the burgeoning area of literature showing that
girls frequently attain lower levels of MVPA, even when
having apparently equivalent environmental settings and
opportunities for physical activity.'®!7-19:2232 Future stud-
ies in this area should examine whether sex moderates the
relationships between microlevel environmental variables
and physical activity levels of children, as it is possible
that boys and girls may be differentially more active or
sedentary in response to certain environmental features.

Our findings also indicated that the duration of active
recreation sessions was influential on the level of physi-
cal activity for attending children. Generally, the longer
the active recreation session, the lower the percentage of
time spent in MVPA and greater the percentage of time
spent in SED. With regard to actual effect size of session
duration in the current study, for every 5 minutes of active
recreation session duration, there was a 1 percentage point
drop in MVPA, and for every 10 minutes, there was a |
percentage point increase in SED. Presumably, children
may have gradually lost interest or become physically
fatigued as active recreation sessions continued, but the
current study did not measure such explanatory variables.
This inverse relationship between session duration and
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activity level is similar to Cardon’s study'® of preschool
children in a recess context, and also to Chow’s study?* of
school-aged children in physical education classes, which
found a weak inverse association (r = —0.13) in sessions
that lasted about 32 minutes—similar to our study’s
sessions. In contrast, Zask and colleagues'® indirectly
investigated the impact of recess duration, and found
higher activity levels during 30-minute lunch-time recess
periods, in comparison with 16-minute morning recess
periods. Of note, however, the lunch and morning recesses
in Zask’s study likely differed in other important ways,
beyond just differing in duration.!” Guinhoya and col-
leagues?! experimentally investigated the activity levels
of children by alternating the duration of recess between
15 and 20 minutes. These authors found greater absolute
amounts of MVPA with longer recess periods, but there
were similar percentages of time spent in MVPA.2!
Lastly, Ridgers and colleagues? investigated the use of
playground markings on activity levels of school-aged
youth, and found that recess duration was not a significant
predictor of MVPA, though the intervention appeared to
be more effective with longer recess periods. Thus, further
research is required to provide more clear answers about
the relationship between session or class duration and
activity levels, and it is possible that the relationship is
not a linear one. Future studies should seek to flesh out
the relationship between duration and physical activity
levels in varying physical activity contexts, and to con-
duct randomized controlled trials with manipulations
of session duration as an independent variable, and to
investigate potential mechanisms of decline in physical
activity over time.

With regard to provision of equipment, we did not
find that the presence of physical activity equipment was
influential on MVPA or SED in either unadjusted correla-
tions, or in models controlling for other environmental
variables and covariates. This finding corresponds to the
work of Zask and colleagues,' who found that equipment
in general (fixed equipment, balls, other nonfixed equip-
ment) was not significantly related to MVPA, but found
there was a positive relationship between the number of
balls available and vigorous physical activity. In the cur-
rent study, we coded sessions as being equipped, based
on balls or other nonfixed equipment being available
and accessible to the children. Children in our study had
access to what Sallis and colleagues!® termed “improve-
ments” in the form of permanent playground equipment
(fixed equipment) and gymnasiums with floor markings
which could have resulted in no additional impact on
physical activity from nonfixed equipment such as balls,
discs, hoops, jump-ropes, or similar items.

The present findings should be viewed within the
context of the inherent limitations of a cross-sectional
study. With this study design, we can determine only a
level of association between microlevel environmental
variables and session-level MVPA or SED, and there
could potentially be important confounding variables

that were not accounted for in this study. The lack of a
temporal element and the lack of manipulation of envi-
ronmental variables in the study serve to discourage any
causal inference. Future studies could use prospective
cohort or experimental study designs to enable potential
causal inferences regarding environmental characteristics
and MVPA or SED. Counterbalancing these limitations
are several strengths. First, we used rigorous objective
measures of MVPA and SED, and carefully matched
the accelerometer-derived data with environmental
data. Second, these microlevel environmental data were
obtained through a labor-intensive process of direct obser-
vation, using trained research assistants and validated
instruments for data collection. Third, we measured all
active recreation sessions over 6 observation days per
academic year, for 3 years at 7 sites. With so many obser-
vations spanning the full academic year, we believe that
our data offer a reliable estimate of physical activity levels
in these after-school programs, and bias from seasonality
is unlikely. Lastly, our data analysis procedures added
to the study’s strength in that they allowed for both an
unadjusted assessment of association, as well as a fully
adjusted model that accounted for important covariates
in determining the unique influence of each microlevel
environmental variable on MVPA and SED. This com-
prehensive view of the environmental correlates, with
and without adjusting for potential confounders, should
help practitioners and researchers to identify appropriate
variables for future interventions and to understand key
influences on physical activity and sedentary behavior in
active recreation sessions.

In conclusion, our study showed that the observed
after-school programs provided about 1.3 active recre-
ation sessions per day, each lasting an average about
28 minutes. For every 10 minutes of active recreation
offered, roughly 4 minutes were spent in MVPA, and the
activity levels of attending children could potentially be
increased by holding sessions outside instead of holding
sessions inside. Longer active recreation sessions were
associated with lower activity levels. So, all else being
equal, multiple shorter sessions may be preferable to 1
long session, but this may be logistically difficult for
after-school program staff to implement in terms of
additional child management or transition time from one
after-school area or activity to another. Using microlevel
environmental correlate study findings such as these,
public health intervention efforts targeting after-school
programs may assist children in reducing sedentary time
and meeting the guideline of 60 minutes of MVPA daily.
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