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Recess environment and curriculum intervention on
children’s physical activity: IPLAY
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Abstract

Understanding the impacts of the built environment on physical
activity (PA) is essential to promoting children’s PA. The pur-
pose of this study was to investigate the effects of schoolyard
renovations and a PA recess curriculum alone and in combin-
ation on children’s PA. This was a 2 (learning landscape [LL] vs.
non-LL) x 2 (curriculum intervention vs. no curriculum interven-
tion) factorial design with random assignment to the curriculum
intervention, and six elementary schools per condition. PA
outcomes were assessed preprogram, mid-program, immedi-
ate postprogram, and one year postprogram. No meaningful
intervention effects were found. Lack of an effect may be due
to the brief dose of recess, the curriculum not being integrated
within the schoolyard, the LL implementation occurring prior to
the study, or the already high levels of PA. Potential avenues

to promote PA include making recess longer, integrating recess
into the school curricula, and developing recess PA curricula
integrating schoolyards.
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Promoting children’s physical activity (PA) has
become a primary public health goal in the USA
[1]. Atleast 60 min of daily moderate- to vigorous-in-
tensity PA (MVPA) is recommended for children [2,
3], which reduces body adiposity, increases aerobic
fitness, reduces blood pressure, and improves bone
mass, among other health benefits [3]. However, less
than half of 6- to 11-year-old U.S. children meet these
guidelines based on selfreport [4]. Furthermore,
MVPA prevalence decreases after childhood; there-
fore, PA should be promoted for children [4, 5].
Schools provide the opportunity for cost-effec-
tive and efficient delivery of PA interventions due
to their reach, the time children spend in school,
and the PA equipment present in schoolyards [6].
PA at school may be especially important for low-in-
come, urban, minority children where PA opportu-
nities and facilities are often limited [7]. Children’s
MVPA occurs at various times throughout the
school day, including recess, physical education
classes, lunch, and regular classroom time [8]. Due
to academic demands, opportunities for school day

Implications

Practice: Recess as operationalized in these
schools may not be enough of an intervention
opportunity to promote physical activity (PA);
additional opportunities to accumulate PA within
the school day may be needed.

Policy: There are several potential avenues to
increase the likelihood that recess could be a
valuable part of PA promotion effort through
making recess longer, integrating recess into the
school curricula, and developing next-generation
recess PA curricula that capitalizes on and expli-
citly incorporates the schoolyard environment.

Research: Researchers need to investigate the
meaning of high-frequency PA data and what
implication this has on current recommendations.

PA via physical education classes may be reduced
[9]; however, recess and afterschool programs pro-
vide students with access to school facilities and
may promote increased PA among youth [10, 11].
Schoolyards, where recess most often occurs, offer
safe and accessible PA opportunities for school-aged
children regardless of ethnicity, income level, and
sex [12].

Research on specific impacts of recess and school
environments on children’s PA behavior is lim-
ited but growing. Fjertoft and colleagues [13], for
instance, found that students engaged in the most
intense activity in handball courts in Norway, which
suggests that such facilities are important compo-
nents of activity spaces in Norway. Previous work
in Denver, Colorado, has shown that children’s PA
behavior is related both to the type of surface [14]
and the density of features on the school grounds
[15]. Small, inexpensive interventions that have
changed the structure of the physical environment
have shown significant positive differences, includ-
ing painting the playgrounds [16] and providing
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game equipment [17]. Even increasing the number
of balls available to youth showed a positive cor-
relation in a cross-sectional study [18]. Systematic
reviews have also been conducted to document the
effects of recess interventions on children’s PA in
the USA and internationally. One review of inter-
ventions in primary school settings found that PA
was significantly increased by intervention strategies
that combined playground markings, court rotation,
and movable equipment but was decreased by an
intervention using active video games [19]. A review
examining correlates of children’s and adolescents’
PA during school recess found overall facility pro-
vision, movable equipment, and perceived encour-
agement from parents, peers, and staff were all
associated with higher PA levels [20]. One of the
most effective strategies identified by a review of
preschool and primary school interventions was the
involvement of teachers as proponents of PA in a
semi-structured recess environment, providing chil-
dren the option of teacher-led activities [21].

Given the need to increase PA among children
and the positive individual effects of recess interven-
tions and environmental changes on PA, an interven-
tion that combines the two approaches may result
in greater recess PA than each individual approach.
Therefore, the purpose of this study was to investi-
gate the effects of schoolyard renovations and a PA
curriculum delivered during recess alone and in
combination on children’s PA. It was hypothesized
that schoolyard renovations completed 3 years
prior, a PA curriculum delivered during recess, and
the combination of the two would improve PA indi-
cators compared with a no-treatment control. An
additional exploratory hypothesis was put forth to
examine whether the combined condition would
outperform either condition in isolation.

METHODS

Study design and participants

The Intervention for Physical. Activity and Youth
(IPLAY) was developed in collaboration with
the University of Colorado at Denver College of
Architecture and Planning, the Denver Public
School (DPS) System, the Colorado State University
Exercise Science Laboratory, and the University of
Hawaii’s Office of Public Health Studies. IPLAY was
a 5-year study that employed a 2 (learning landscape
[LL] vs. non-LL) x 2 (curriculum intervention vs. no
curriculum intervention) factorial design (resulting
in four groups: control, curriculum only, LL only,
and LL-curriculum) with repeated measures (pre-
program—Year 1 [Y1], mid-program—Year 2 [Y2],
immediate postprogram—Year 3 [Y3], and one year
postprogram—Year 4 [Y4]) with random assignment
to the curriculum intervention. The LL intervention,
completed 3 years prior to the curriculum interven-
tion, had transformed schoolyards into attractive
and safe multiuse playgrounds tailored to the needs

and desires of the local community. The decision
to use 3-year existing renovated playgrounds was
based on pilot results showing no differences in
children’s PA between past years versus 3+ years
ago renovated schoolyards [4], allowing more time
for integrating renovations into school. The curric-
ulum intervention combined the Sports, Play, and
Recreation for Kids (SPARK), Active Recreation
(AR), and Balance First curricula and was deliv-
ered for 8 weeks each fall and spring semester for
2 years. The intervention aimed at increasing recess
PA, which may generalize to other parts of the day.

SPARK curriculum

SPARK is an evidence-based children’s PA and
health curricula [22]. The SPARK curriculum has
been designed to provide PA opportunities, regard-
less of the child’s experience or ability. The curric-
ulum is easy to use and modify to fit recess setting
constraints. Instructors can modify lessons by alter-
ing the intensity, duration, and difficulty level of
the specific activities [22]. For the current study,
local university students with previous experience
working with children were recruited as SPARK
Research Assistants (RAs) to serve as curriculum
intervention instructors. All participating RAs
attended a 2-day training workshop led by certified
SPARK trainers. The same RAs implemented the
SPARK intervention for the study duration maxi-
mizing delivery consistency. Due to the promising
literature on recess and PA [19-21] and to avoid
interfering with the class offerings, the SPARK cur-
riculum was delivered for the current project dur-
ing lunch recess with an average recess length of
18.95 min (SD = 4.42). All students attended recess
(unless excused) and SPARK curriculum activities
were available for all children to participate, but
participation in SPARK was not mandatory. No
specific efforts were made to adapt or integrate
the SPARK curriculum to the specific schoolyards.
Children were allowed to join at will, and on aver-
age, 25% of the school population excluding absen-
tees participated in each session, about 19 children
per session (range: 7%-88%).

LL initiative

The LL initiative transformed neglected Denver pub-
lic elementary schoolyards into attractive and safe
multiuse playgrounds tailored to local community
needs and desires (Appendix Fig. Al). Prior to ren-
ovations, playgrounds within the DPS system aver-
aged 50 years old. In 2000, 75 of the DPS elementary
schools were identified as requiring moderate to
extensive renovation or upgrades to meet adequacy
standards. They consisted of hard play surfaces such
as gravel or concrete, were devoid of plant life, and
had limited play equipment. These schoolyards were
considered “one-size-fits-all,” with younger children
often using age inappropriate equipment.
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The LLs are developed through a hands-on,
service-learning curriculum at the College of
Architecture and Planning (at the University of
Colorado, Denver), which enlists graduate students
to develop master plans targeting existing and pro-
posed uses, relationships between uses, program-
matic requirements for uses, maintenance and safety
issues, and preliminary cost estimates. Once the mas-
ter plan is complete, the schools participating in the
alliance program move into a design studio where
graduate students synthesize the pieces of the master
plan into a detailed site design. This process involves
the students, teachers, parents, and communities
through focus groups and community planning meet-
ings. All work together to develop a comprehensive
and detailed set of design development drawings.
Landscape architects finalize the students’ drawings
in the form of construction documents.

The LL initiative transforms these rundown play-
grounds into spaces accommodating a variety of
activities to provide a high stimulus level for children
of all ages with more opportunities for tactile, motor,
and sensory experiences and by integrating learn-
ing with PA. The LLs provide participatory land-
scapes that support children’s healthy development
by encouraging outdoor play and learning, offering
socialization tools, and improving opportunities for
PA while reflecting the unique culture and history
of the people, the school, and the neighborhood it
serves. The distinctive elements of LL schoolyards
include community gateways and gathering spaces,
public art works, age appropriate play equipment,
grass playing fields, colorful structured and unstruc-
tured asphalt games, custom shade structures, hab-
itat areas, and nature play. The grass fields, often
referred to as multipurpose fields, are improved
through gravel removal, weed removal, new sod,
grading, and irrigation. These fields provide places
for a variety of children’s activities including soccer,
baseball, football, and tag. Hard surfaces for games
are renovated to include basketball, tetherball
courts, foursquare, hopscotch, and wall ball.

Traditional developmentally appropriate equip-
ment that has improved accessibility and safety is
provided at each site. Data has shown that children
perceive more activity structures in renovated LLs
compared with non-LLs [23]. To ensure the LLs had
been integrated into the schools and the administra-
tion and teachers were familiar with the LLs, schools
were selected that had renovated their schoolyards
at least 3 years prior to the study.

Participants

Twenty-four urban DPS schools were recruited
based on the willingness to cooperate with ran-
dom assignment, implementing a curriculum inter-
vention, and 4-year data collection [24]. Twelve
randomly selected LLs were assigned a matched,
control school (non-LL) on the basis of the school’s
size, ethnic population, and the percentage of stu-
dents receiving free or reduced lunch. One school
from each pair was randomly assigned to the curric-
ulum condition and the other to the noncurriculum
condition. To facilitate implementing this study, we
enrolled schools in two waves. In the first project
year, one half of the selected schools (three in each
study condition; Wave 1) began the study, with the
remaining 12 schools beginning the study the follow-
ing year (Wave 2; Fig. 1). The study was approved
by the Colorado Multiple Institutional Review
Board (IRB), Colorado State University IRB, and
the University of Hawaii IRB.

Measures

Intervention process data collection (Year 1, Wave 1 only)

Measurement RAs (different from the SPARK R As)
were asked to record PA-related information but
were uninformed about the study purpose or what
intervention condition the participating schools
belonged to. Measurement RAs were assigned to
specific schools for the duration of the project. Thus,
measurement RAs were blinded to condition and
used the SPARK session checklist [22] to assess 14
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items that addressed the intervention implementa-
tion quality for Y1 for Wave 1 schools.

RAs also completed log sheets for each interven-
tion session to evaluate the delivery of intervention
components by tracking the activity name and the
number of participants per session. A session entry
was recorded for each unique combination of grade
and time frame at the school; a school with differ-
ent grades on the playground at different times
received one entry for each grade level. If multi-
ple grades shared the same specific time frame for
recess, however, the grades were grouped together
because it was not possible to distinguish the num-
ber of participants from each grade. RAs reported
whether implementation was executed as planned,
if it was carried out according to the objectives and
rules of the game with little or no modification to
the existing curriculum—with the intent to encour-
age thoughtful lesson-planning—prior to recess. Zero
participants were recorded when children chose not
to participate in the activities or were absent from
recess due to a schoolrelated factor, such as field
trips or the elimination of recess as a consequence
of poor behavior.

Due to resource limitations and the positive
results (noted below) the process evaluation efforts
were discontinued after Year 1, Wave 1.

Outcome measures

Outcome measures were collected at baseline (Y1),
annually during the 2-year intervention (Y2 and Y3),
and one year after the completion of the interven-
tion (Y4) using three complementary lines of evi-
dence: direct observation, self-report surveys, and
accelerometer measurements. Y4 measurements
consisted of direct observation, selfreport surveys,
and accelerometry for Wave 1, whereas only direct
observation was performed in Wave 2 due to time
and resource limitations. Three lines of evidence
were used to address the limitations of any one
method, including social desirability effects from
selfreport surveys, the inability to measure every
type of activity from accelerometry measurements,
and the restriction of sampling moments in time
from direct observation.

SOPLAY: System for Observing Physical Activity in Youth
Direct observation of recess PA was measured
using the System for Observing Physical. Activity
in Youth (SOPLAY). Observers attended a 2-day
training led by a certified SOPLAY instructor that
included direct practice using modeling, videotaped
segments, and field practice in the observational
setting. All schoolyards were divided into 10 to 20
observation zones (depending on sizes and attrib-
utes) and were systematically observed, on average,
4.3 times (SD = 2.0) per recess (range: 1-12) on
four nonconsecutive days from April through May.
Using momentary time sampling, trained observers

rated individual children’s PA levels (sedentary,
walking, or very active), separately for boys and
girls (all students in all grades could potentially be
observed). For interrater reliability, two observers
simultaneously observed each zone for 25% of the
total time measured (i.e., one day per school) and
showed an interrater agreement of 77.89%, 91.87%,
90.55%, and 89.92% for Y1, Y2, Y3, and Y4, respec-
tively. Throughout the study, all observers were
blind to the IPLAY study curriculum conditions and
hypotheses.

The observed sedentary, walking, and very active
PA levels have been validated by heart rate mon-
itors [25] and accelerometers [5], and they can be
used to estimate an energy expenditure rate (EER).
Total EER per zone (kcals/kg/min) was estimated
by multiplying the number of children at each PA
level by a constant (0.051kcal/kg/min for seden-
tary, 0.096kcal/kg/min for walking, and 0.144kcal/
kg/min for very active) and summing those values
[26]. In addition, a “per child” estimate of EER per
zone was calculated by dividing total EER by the
number of children observed in the zone, exclud-
ing records with no children in a zone. Total and
per child EER (by sex) were averaged by zone for
each day of observation, and then averaged across
days; therefore, EER represents the average total
and per child EER in each zone within a schoolyard.
The intra-class correlation (n = 96; 24 schools, over
4 days) assessing consistency in total EER was 0.87
(95% CI 0.80 to 0.92).

Selfreport survey

A subsample of four LLs and four non-LLs were
randomly selected for survey administration, with
two classes of fourth and two classes of fifth grad-
ers completing the survey per school (for a total of
32 classes). Each year, survey classroom teachers
received a gift card with a value of up to $215 as
an incentive. The incentives constituted $40 for per-
sonal use, $80 for classroom supplies, and up to $95
for classroom use, based on number of consented
students. Trained research assistants and classroom
teachers distributed consent forms followed by ver-
bal and written reminders 2 weeks before survey
administration. Over the course of the entire study, a
total of 2,917 students were notified of the study. For
the four intervention schools, 1,329 students were
approached and 848 consented (64% return rate).
The return rate from one intervention school was
extremely low (6%), while the three other interven-
tion schools ranged from 58% to 98%. For the control
schools, a similar trend occurred: There were 1,588
students approached and 815 consented, yielding an
overall return rate of 51%, where one school had a
particularly low consent rate (5%) and the remaining
three schools’ return rates ranged from 50% to 82%.
The low consent rates in two of the schools were
due mainly to principal and staff turnover in those
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schools. Table 1 presents the return rate by year.
Parental consent was obtained prior to data collec-
tion and informed student assent was given imme-
diately before survey administration. A research
assistant read the survey aloud to the children, while
two others were available to answer questions.

Participants reported their height, weight, sex,
and age in years. This information was used to calcu-
late body mass index (BMI) for age. A study assess-
ing the accuracy of height and weight of children
aged 6 to 11 compared selfreport data from surveys
with objectively collected height and weight using
stadiometers and scales from accelerometry data
in the same IPLAY participant pool for baseline of
the current study and found that by fifth grade, chil-
dren are nearly as accurate as adults in self-reporting
height and weight [27].

PA was measured using an adapted Godin Leisure-
Time Exercise Questionnaire [28], which used mod-
ified response categories to allow participants to
record how many days per week and minutes per
day they perform strenuous, moderate, and mild
PA. These PA intensity levels were defined, and
several examples were given. Responses for days
per week ranged from 0 to 7 days and responses
for minutes per day ranged from 0 to 60+ min,
reported in 10-min increments. Daily moderate and
strenuous PA was combined to determine minutes
per day spent in MVPA. The Leisure-Time Exercise
Questionnaire was found to be significantly related
to Caltrac accelerometer readings (r = .32), meta-
bolic equivalents (METs; r = .36), treadmill exercise

time (r = .57), percentage of body fat (r = —.43), and
VO2max (r = .56) [29] and was significantly related
to the PA stages of change across populations [30],
including children [31]. Sallis et al. [32] reports
good test-retest reliability (r = .81) and adequate
validity (r = .39) when compared with kilo calories
expended per day in a sample of 5th, 8th, and 11th
graders.

Accelerometer PA assessment

During the spring of each year, we collected six
consecutive days of accelerometer data on a
cross-sectional subset of one class of first, third-,
and fifth-grade students in 8 of the 24 schools (three
classes from each of 2 schools per condition). These
were the same schools as participated in the self-re-
port assessments, and the fifth-grade accelerometry
class was one of the fifth-grade selfreport classes.
Data were collected during April and May of 2010~
2013, after the conclusion of the spring intervention
period. Over the course of the whole study period,
a total of 1,367 students participated in the accel-
erometer data collection (due to an administrative
error, recruitment data for accelerometry are no
longer available). Each year, the same teacher’s
class was selected for accelerometer data collection.
In cases where teachers were no longer employed
at the school, study staff worked with principals
to select a replacement teacher in the same grade.
During the first year (Y1 Wave 1 schools only), we
used the Actical accelerometer (Philips Respironics,
Bend, OR), a lightweight (17 g), omni-directional,

Table 1 | Return rate of survey respondents over time

Notified (n) Consented (n) Returned (n) % Return rate

Control

Year 1 297 112 112 38

Year 2 219 78 78 36

Year 3 200 124 124 62

Year 4° 95 77 77 81
Curriculum

Year 1 121 100 100 83

Year 2 132 129 129 98

Year 3 199 162 162 81

Year 4° 102 80 80 78
LL

Year 1 259 144 144 56

Year 2 210 122 122 58

Year 3 202 112 112 55

Year 4° 106 46 46 43
LL-Curriculum

Year 1 274 80 80 29

Year 2 197 109 109 55

Year 3 209 158 158 76

Year 4° 95 30 30 32

LL learning landscape.

*Wave 1 only.
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waterproof device that detects low frequency accel-
erations (0.5-2.0 Hz). It generates an analog voltage
signal that is then filtered, amplified, and digitized
by an A-to-D converter at 32 Hz. These digitized
values are summed over the epoch and stored in
the device. These stored values are proportional to
the duration and magnitude of the movement [33].
Devices were calibrated by the manufacturer prior
to use. During Y1, in the Wave 1 schools (4 schools),
we collected data in 15-s epochs, the shortest avail-
able for the Actical device. After this baseline data
collection, the benefits of a device that would collect
and output unprocessed acceleration data so that we
could select an appropriate epoch length (e.g., 1 )
became evident. Because of this, we began using
the GENEActiv accelerometer device (Activinsights
Limited, Cambridge shire, UK), a light-weight (16 g),
wrist-worn, tri-axial, waterproof device that collects
high frequency acceleration data up to 100 Hz. It
has been validated for use among both children and
adults [34]. Devices were calibrated by the manufac-
turer prior to use and data were collected at 30 Hz
(a subset of data collected in three schools during
the spring of 2011) and 75 Hz (all remaining data).

Data collection procedures

On the day the accelerometers were distributed,
study staff explained the study and assented all
children who had returned parental consent forms.
Children then assembled in the hall where study
staff assigned a device serial number to each child
and attached the accelerometer device to the child’s
nondominant wrist using a semi-nonremovable hos-
pital-type band (MedTech Wristbands, Orlando,
FL). Children were instructed to go about their
normal daily activities while wearing the device con-
secutively for the next 6 days. Study staff measured
each child’s height to the nearest 0.5 cm (standard
tape measure) and weight to the nearest 0.2 kg
(Health O Meter professional scale, Model 349KLX)
while wearing shoes. BMI percentiles were calcu-
lated based on the Centers for Disease Control and
Prevention (CDC) growth charts. Children were
assigned as normal weight (NW, <85th percentile
BMI-for-age score) or overweight/obese (OW/OB,
285th percentile BMI-for-age score).

Parents and teachers were given instructions about
the devices and were asked to report abnormalities
in activity during the data collection. Teachers pro-
vided school day schedules indicating when school
started and ended and when children were at lunch,
recess, and physical education classes. On the sixth
day of data collection, researchers returned to the
school to collect the devices. Each child received $10
when the accelerometer was put on and $10 when it
was returned. An additional $30 was given to each of
the parents and $25 to the teacher of the class.

Data processing. Actical data were downloaded
using the Actical software (Version 2.12). A cus-
tom Matlab (Mathworks, Inc., v12.0, Natick, MA)

program was created to process the accelerometer
data and clean for nonwear (see below). Periods
of 60 min or greater of zero count values (Actical
device) or values below the laboratory-established
nonwear threshold (<0.06 g s) were summed over
the day to assess completeness of the data file.

All GENEA devices were downloaded using a
USB 2.0 Charging Cradle and the GENEActiv soft-
ware (Version 2.1). We created a Matlab program to
read and filter the data file. We applied a low pass
filter with a cutoff frequency of 15 Hz to the data
to remove noise in the signal not representative of
human movement. Once the data were filtered, we
calculated a signal vector, the Euclidian Norm minus
one (ENMO, see equation 1, where f = sampling fre-
quency). This low pass ENMO value (LPENMO)
was calculated on a per-second basis.

LPENMO = (XL, [(Jx*+ y*+22 /-1))/(f) (1)

After filtering the data, we cleaned the files to
remove periods of nonwear. Using a custom Matlab
program, we identified periods of 60 consecutive
minutes of LPENMO values below 0.06 g s (labora-
tory established nonwear threshold). These periods
of time were summed over each day to assess com-
pleteness of the data file.

Data for any day found to have less than 10 hr of
wear time or at less than four valid days were consid-
ered invalid and removed from the accelerometer
data files (n = 31). Custom time intervals were cre-
ated to identify standard time periods throughout
the day. These intervals include the full day (FD;
6 am—11 pm), school day (SD; school-specific start
and end time), and lunch recess (LR; class-specific
start and end time). The times used for SD and
LR were determined from the class schedule com-
pleted by teachers. After identifying custom inter-
vals, the Matlab program applied published Actical
cut-points established using ROC curves [35] to
the baseline Actical data and GENEActiv wrist cut-
points derived using the same methodology as the
Actical cut-points to the GENEActiv data. Cut-points
were applied to determine the number of minutes
and percent of time spent in sedentary (SED), light
(LPA), moderate (MPA), vigorous (VPA), and mod-
erate-vigorous PA (MVPA; sum of MPA and VPA)
during each of the custom intervals. For the Acticals,
the SED = 0-52, LPA = 53-387, MPA = 388-
1210, VPA = 1211+, and MVPA = 388+. For the
GENEACctiv, the SED = 0-0.0935, LPA = 0.0936-
0.1846, MPA = 0.1847-0.4531, VPA = 0.4532+, and
MVPA = 0.1847+.

Statistical analysis

PA main outcomes were first summarized by means

and standard deviations by intervention groups and

study year. Three complementary lines of evidence

used different models to evaluate the intervention
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effects. Statistical analyses were conducted using
SAS®v 9.3 and a two-sided p-value <.05 was regarded
as statistically significant. The p-values of pairwise
post hoc comparisons of four intervention groups at
a time point were corrected by Tukey-Kramer mul-
tiple comparison adjustments [36]. Main effects of
the two treatment conditions were also explored.

SOPLAY outcomes

To evaluate the differences among four study inter-
vention groups over four points in time, the aggre-
gate school-level PA outcomes from SOPLAY data
were fitted by linear mixed-effects repeated measure
models. As the PA outcome measures from Y1 to
Y4 from the same school were not independent,
the year variable was treated as a random effects
variable. The fixed effects variables included three
terms: intervention and time main effects, and
Intervention x Time interaction. The mixed-ef-
fects models could compare the differences in
treatment effects at a given time point even if the
Intervention x Time interaction was significant. If
the interaction term was not significant, then the
model was refitted after removing the interaction
term.

Survey outcomes

For the survey, PA outcome data were fitted by linear
mixed-effects models. As the children within an indi-
vidual school might not be independent, the school
cluster effect was taken into account. Therefore, the
school was introduced as a random effect (intercept)
in the model. The fixed effects included interven-
tion and time main effects, and Intervention x Time
interaction, and if significant, children’s age and sex.
Kenward-Roger’s approximation was used to esti-
mate denominator degrees of freedom [37].

Accelerometer outcomes
To confirm that output from the Actical device
was comparable with that of the GENEActiv, data
collected during a calibration study while wearing
both monitors were analyzed (see [35] for a descrip-
tion). Briefly, 24 children participated in a variety of
activities while wearing both monitors as well as a
portable metabolic system (Oxycon Mobile, Yorba
Linda, CA). Pearson productmoment correlation
coefficient of 0.86 (p < .05) indicated a strong linear
relationship between the two device outputs.
Descriptive statistics of accelerometer partici-
pants, reported as frequencies for sex, are summa-
rized in Table 2. The dependent variables (i.e., full
day minutes of MVPA and percent of time in school
day and lunch recess in MVPA) were analyzed with a
linear mixed-effects model with similar model spec-
ification as survey outcomes. Fixed effects included
the year and intervention conditions, their two-way
interaction, and when significant, children’s age,
sex, and BMI. School cluster effects were included

as random effects (intercept). Kenward—-Roger’s
approximation was used to estimate denominator
degrees of freedom [36].

Power considerations

Sample size estimates were derived to obtain a suf-
ficient number of schools and students to ensure
adequate statistical power to detect differences
between intervention arms in PA level, at the
school level, and PA outcomes among children at
the schools. The minimum detectable difference
(MDD) was calculated based on the ztest for a
comparison of means with adjustment for cluster-
ing in a group-randomized trial (GRT). To adjust
the variance for a GRT, we included the design
effect term in the calculations. The design effect
(DE) gives the ratio of efficiency of the GRT to a
randomized clinical trial and can be estimated as
0 = (1 + (m — 1)p), where m represents the number
of individuals in each community and p is the intr-
aclass correlation (ICC). Postprogram measures
were considered as the primary outcomes. We con-
servatively used an ICC of 0.1, a critical level of
0.05 and 0.01 (Bonferroni corrected for four—five
comparisons), and a power of 80% to determine
the MDD in means. The estimation of the variance
and reasonable MDDs come from prior research.
For the LL intervention, our pilot project results
showed 67.29% (SD = 9.82%) compared with
61.47% (SD = 9.26%) of the children were either
walking or very active in the built versus the not-
built sites, respectively, resulting in a d of 0.61. Our
pilot study using the Fun 5/SPARK AR curriculum
resulted in an increase in observed MVPA from the
baseline mean of 12.56% (SD = 6.99% across sites)
to 29.68% (SD = 11.45%) during the after-school
time for the pilot study [38]. In the first-year dis-
semination we found very similar results, increas-
ing moderate and vigorous PA (MVPA) from 14%
(SD = 11%) to 23% (SD = 9%) of the after-school
program session of time spent in MVPA "), result-
ing in a d of 1.82. We calculate that with a total of 6
schools per arm and 20-50 observation made per
school during the postprogram period in question,
we will be able to detect an effect size d of 0.7 in
pairwise comparisons (e.g., LL+SPARK vs. con-
trol) with oo = .05 and a 4 of 0.8 with a. = .01. Note
that we will be able to state definitely whether each
intervention arm is different from the control con-
dition, but will be only able to detect fairly large
difference between LL+SPARK and the expected
combined sum of LL and SPARK. For secondary
analysis, with 2 schools per arm and an average of
69 students per school, the effect size d is 1.2-1.3
in pairwise comparisons (e.g., LL+SPARK vs. con-
trol) with a = .05 when the school is the unit of
comparison and d is 0.4 when student is the unit of
comparison. There was sufficient power to test the
hypotheses of interest.
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Table 2 | Demographic characteristics of SOPLAY schools, survey participants, and accelerometer participants by treatment group

Item Control Curriculum LL LL-Curriculum
SOPLAY schools
Total number of students (n) 3,491 2,831 3,009 2,339
% Free lunch 69.0 62.9 55.9 66.6
Ethnicity” % Hispanic 64.3 54.2 63.9 53.2
% White 25.4 40.0 27.7 32.0
Survey participants
% Female (n) Year 1 55.6 (108) 52.1(94) 37.8(136) 68.5 (54)
Year 2 55.7 (79) 48.4 (126) 46.3(121) 63.6 (107)
Year 3 48.0 (123) 52.3 (153) 51.8(112) 51.6 (156)
Year 4° 50.0 (74) 50.0 (82) 58.7 (46) 46.5 (43)
Mean age (SD) Year 1 10.3 (0.8) 10.2 (0.8) 10.3 (0.8) 10.1 (0.8)
Year 2 10.2 (0.6) 10.2 (0.8) 10.2 (0.8) 10.3(0.8)
Year 3 10.2(0.7) 10.2(0.7) 10.1 (0.7) 10.3(0.8)
Year 4° 10.1 (0.8) 10.2 (0.8) 10.4 (0.6) 10.2 (0.7)
Mean BMI Year 1 65.8 (34.0) 65.1(33.2) 57.4 (33.8) 70.6 (31.1)
percentile (SD) Year 2 57.6 (36.2) 57.3(33.7) 40.5 (33.6) 61.1(34.0)
Year 3 61.8 (36.9) 62.4(31.9) 55.5(32.7) 66.6 (34.1)
Year 4° 63.1(37.9) 55.7 (34.6) 59.5 (36.4) 60.1 (38.6)
Ethnicity
% Hispanic Year 1 76.5 34.5 48.9 85.7
Year 2 76.6 48.4 37.1 80.4
Year 3 75.9 37.5 54.1 79.7
Year 4° 83.8 34.6 61.4 87.8
% White Year 1 15.7 46.1 33.8 0.0
Year 2 13.0 36.1 41.4 5.4
Year 3 15.7 38.6 19.7 8.5
Year 4° 16.2 60.3 22.7 49
Accelerometer participants
% Female (n) Year 1 46.1 (76) 47.8 (69) 429 (127) 60.3 (74)
Year 2 45.0 (90) 51.8 (51) 45.1(127) 55.4(111)
Year 3 49.5 (90) 52.1(125) 42.5 (96) 50.0 (115)
Year 4° 42.4 (50) 52.1 (60) 53.4 (65) 61.2 (41)
Mean BMI Year 1 69.7 (27.5) 61.1(30.3) 54.6 (30.7) 65.8 (31.2)
percentile (SD) Year 2 67.0 (27.4) 613 (31.4) 48.8 (30.8) 65.7 (31.4)
Year 3 66.6 (29.8) 59.2 (30.9) 56.9 (31.7) 77.4(29.0)
Year 4° 64.7 (32.9) 61.5(31.1) 58.7 (29.4) 61 (33.4)

SOPLAY System for Observing Physical Activity in Youth; LL learning landscape; BMI body mass index.

“Ethnicity # 100, as non-White/non-Hispanic is not reported in the table.
"Wave 1 only.

RESULTS

Descriptive of demographics and SOPLAY, survey, and
accelerometer

A summary of baseline demographic characteristics
of SOPLAY and selfreported surveys is provided
in Table 2. Control schools had highest student
enrollment (3,491) followed by LL schools (3,009).
More than half of the students received free lunch
and more than half of the students were Hispanic
(neither percentage receiving free lunch nor eth-
nicity were associated with the main PA outcomes
[ > .05]). For the selfreported survey sample, stu-
dents ranged in average age from 10.08 (SD = 0.65)
to 10.39 (SD = 0.61) years old. The largest ethnic

group represented was Hispanic, followed by White,
and almost half were girls.

INTERVENTION OUTCOMES

Intervention process data (Year 1, Wave 1 only)

A total of 58 process evaluations (SPARK session
checklists) were conducted over the fall and spring
interventions for the first year of implementation.
The total score on evaluations ranged from 3 to 14
points with mean of 11.6 (83.1%) with 12 indicators
observed to be implemented 80% or more of the
time. Indicators with percent observed were enthusi-
asm from instructor (98.3%), participant enjoyed the
activities (96.6%), clear articulation of instructions
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(94.8%), provision of a safe environment (93.1%), pos-
itive feedback from the instructor (93.1%), instructor
was prepared with equipment (91.4%), adequate
learner to equipment ratio (91.4%), session started
within 5 min of recess release (89.7%), participants
were active at least 50% of the time (87.9%), minimal
management and transitions times (86.2%), instruc-
tor was prepared with lesson plan (82.8%), appro-
priate group sizes (82.8%), activity specific feedback
(55.2%), and used existing play structures (20.7%).
There were a total of 1,497 session entries for
the 12 intervention schools across 16 intervention
weeks, with each school contributing between 114
and 215 entries for Year 1, Wave 1. These data were
compiled from instructor lesson plans. A total of
1,364 activities were implemented during the first
intervention year. Among the activities observed,
82.3% were modified forms of SPARK-AR curric-
ulum activities and 17.7% were classified as non-
SPARK activities. Counting all the observed sessions
(including non-SPARK curriculum), 70.4% were
classified as “implemented as planned,” without
significant changes to the prescribed curriculum or
planned activity. This represents the preparedness
of the instructor. The mean number of children par-
ticipating per session was 19, ranging from 0 to 109
and children spent an average of 18 min on each
session. The average recess, as recorded by the RAs,
was 24 min; thus, 75% of the recess time was spent
on the prescribed curriculum or planned activity.

SOPLAY
Roughly three quarters (75.5%) of students were
observed in MVPA during the recess time, while
41.3% of students were observed in VPA. The lin-
ear mixed-effects models showed no significant
Intervention x Time interaction effects for all four
PA main outcomes, four (9, 60) < 1.0, p > .60. There
were generally no significant differences among the
four intervention groups for all four PA main out-
comes at a study year, Y1, four /{3, 60) < 1.0, p >.47;
Y2, four F(3, 60) < 1.27, p > .20; Y3, EER, F(3,
60) = 3.99, p = .012; the other three F(3, 60) < 1.13,
p > .11; Y4, four F(3, 60) < 1.91, p > .14. Although
the EER level was significant among the four inter-
vention groups in Y3, none of the six pairwise group
comparisons was significant after Tukey-Kramer
multiple comparison adjustment, for example,
LL-Curriculum versus Control, difference = 4.65
kcal/kg/min, t(df = 60) = 3.26, adjusted p = .11.
After removing the Intervention x Time interac-
tion term from the model, intervention main effects
were significant for EER, F(3, 20) = 4.11, p = .02,
and not for the other three main PA outcomes, three
F(3,20) < 1.0, p > .49. For the time main effect, com-
pared with Y1, the study end point at Y4 was compar-
able for EER (the school-level PA volume indicator),
(1, 69) = 1.85, p = .18. However, the other three
PA main outcomes (average PA level indicators of

a school) all consistently had higher average activity
levels at Y4 compared with Y1 within each of four
groups: EER per child, F{(1, 69) = 10.30, p = .0020;
MVPA%, F(1, 69) = 9.42, p = .0031; and VPA%, F(1,
69) = 7.78, p = .0069. Neither main effect for LL
or SPARK was significant for any SOPLAY PA out-
comes across time points (all p > .05).

Survey (Fig. 2)

The survey data analysis comprised n = 1,614 stu-
dents, including all four time points. The survey
was multiple cross-sectional and assessed by the
linear mixed-effects model, with children nested
within school as random effect. The school cluster
effects were estimated using ICC, and were minimal
(0.0095). The Intervention x Time interaction effect
was significant, F(9, 1190) = 2.31, p = .014. However,
there were no significant differences among four
intervention groups at any study year, that is, at Y1,
F(3, 13.3) = 2.62, p = .09; at Y2, F(3, 11.4) = .94,
p = .45;at Y3, F(3, 8.54) = 2.61, p = .12; at Y4, F(3,
23.4) = 1.15, p = .35.

When sex, age, and BMI were also included as
fixed effects in the above model, males had 10.36
more MVPA minutes per day than females, F(1,
1568) = 44.08, p < .0001, but age was not signifi-
cant, F(1, 1567) = 3.57, p = .06, nor was BMI, 1,
1188) = 0.55, p = .46. Similar results were observed
after adjusting for sex and age compared with the
model, for example, Intervention x Time interac-
tion effect, (9, 1294) = 2.71, p = .0039; no signif-
icant differences among four intervention groups
at any study year were observed, that is, Y1, F{(3,
12.1)=2.12,p=.15;Y2,F3,9.93) = 1.11,p = .39; Y3,
F(3,7.74) = 2.50, p = .14; and Y4, F(3, 20.6) = 1.37,
p = .28. Neither main effect for LL or SPARK was
significant for MVPA across time points (all p > .05).

Accelerometer

A total of 1,367 students participated in the accel-
erometer portion of the study with all three MVPA
outcomes. The 4 years of accelerometer data were
multiple cross-sectional and analyzed using the lin-
ear mixed-effects model with children nested within
school as a random effect. We had a usable acceler-
ometer data rate of 88.7% over the 4 years of assess-
ment (including noncompliance and device failure
[unable to separate]) with individual study year usa-
ble accelerometer data rates of 92.8%, 82.1%, 82.9%,
and 87.5% for Y1, Y2, Y3, and Y4, respectively.

%MVPA (lunch and recess, Fig. 3A). There was a
significant Intervention x Time interaction effect,
F(9, 1311) = 15.15, p < .0001. The school cluster
effects were estimated using ICC, which was 0.13.
However, there were no significant differences
among the four intervention groups at any study
year, that is, Y1, F(3, 4.96) = 2.76, p = .15; Y2, F{(3,
4.72) = 2.01, p = .24, Y3, F(3, 4.37) = 1.77, p = .28;
and Y4, (3, 5.93) = 4.67, p = .05.

TBM
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Fig 2| Survey outcomes for mean (SD) of self-reported moderate- to vigorous-intensity physical activity (MVPA) minutes per day by inter-
vention group and year. The linear mixed-effect model was used to assess the cross-sectional survey, with children nested within school as
random effect. There was a significant Intervention x Time interaction effect (p =.014) but no significant differences among the groups at

any specific study year. LL learning landscape.

The sex effect was significant (difference = 7.72%,
higher for males vs. females) when age, sex, and BMI
were included in the model, /{1, 1339) = 102.06,
p <.0001, but neither the age nor the BMI effect was
not significant, while similar results were observed,
for example, Intervention x Time interaction effect,
F(9, 1314) = 16.30, p < .0001, with no significant dif-
ferences among the four intervention groups at any
study year, that is, Y1, F(3, 4.87) = 2.52, p = 0.17;
Y2, F(3, 4.66) = 1.94, p = .25, Y3, F(3, 4.35) = 1.86,
p =0.27; and Y4, F(3, 5.74) = 4.67, p = .06.

%MVPA (school day, Fig. 3B). The school clus-
ter effects (ICC) was 0.03. There was a signifi-
cant Intervention x Time interaction effect, /{9,
886) = 12.86, p < .0001. There were some significant
differences among the four intervention groups at
some study years, Y1, (3, 7.14) = 18.05, p = .0010;
Y2, F(3, 6.40) = 1.91, p = .22; Y3, F(3, 5.56) = 6.13,
p =.033; and Y4, F(3, 11.3) = 3.88, p = .040. There
were no significant differences across the four inter-
vention groups at Y3 and Y4 after Tukey—Kramer
multiple comparison adjustments, although at Y1
there were significant differences between some
pairwise comparisons of intervention groups:
LL-Curriculum was higher versus Control, differ-
ence = 3.83%, {(df = 7.97) = 3.88, adjusted p = .011;
LL-Curriculum was higher versus Curriculum,
difference = 7.25%, (df = 8.25) = 7.18, adjusted
p < .0001; and LL-Curriculum was higher versus
LL, difference = 4.49%, t(df = 6.17) = 5.01, adjusted
p <.0001.

Age was significant when age, sex, and BMI were
also included in the model, F{1, 1340) = 19.41,
p < .0011, and males had higher PA levels than
females, difference = 1.75%, F(1, 1340) = 72.95,
p < .0001, but BMI was not significant, F(1,
1340) = 3.05, p = .08, while similar results were
still observed, for example, Intervention x Time

interaction effect, /{9, 1021) = 14.06, p < .0001;
intervention effects at Y1, F(3, 6.80) = 17.58,
p=.0014; at Y2, F(3, 6.16) = 1.60, p = .28; at Y3, F(3,
5.37)=4.73,p=.06;at Y4, F(3,10.20) = 3.99,p = .04.
Although there were no significant pairwise group
comparisons at Y4, at Y1, there were significant
differences between some pairwise comparisons of
intervention groups: LL-Curriculum was higher ver-
sus Control, difference = 3.87%, t(df = 7.44) = 3.76,
adjusted p = .017; LL-Curriculum was higher versus
Curriculum, difference = 7.45%, {(df = 7.73) = 7.08,
adjusted p < .0001; and LL-Curriculum was higher
versus LL, difference = 4.70%, ¢ (df = 5.86) = 4.94,
adjusted p = .0001.

Minutes per day of MVPA (Fig. 3C). The school
cluster effects (ICC) was 0.021. There was a sig-
nificant Intervention x Time interaction effect,
F9, 656) = 3.08, p = .0012. However, there were
no significant differences among the four interven-
tion groups at any study year, Y1, F(3, 6.76) = 4.01,
p=.06;at Y2, F{3, 6.10) = 0.39, p = .77; at Y3, F(3,
5.28) = 3.12, p = .12; and at Y4, F(3, 11.30) = 3.01,
p=.08.

When age, sex, and BMI were also included in
the model, sex differences were significant, that
is, 15.22 min more for males per full day, F{1,
1340) = 59.71, p < .0001; as were age differences,
(1, 1341) = 21.03, p < .0001; but not BMI, 1,
1339) = 0.12, p = .73; while similar results were still
observed, for example, Intervention x Time interac-
tion effect, F(9, 664) = 3.40, p = .0004, with no sig-
nificant intervention effects at Y1, /{3, 6.47) = 4.51,
p=.05;at Y2, F(3,5.87) =047, p = .71; at Y3, F{3,
5.06) = 2.57, p = .17; and at Y4, F(3, 10.80) = 3.28,
p = .06.

Neither main effect for LL or SPARK was signifi-
cant for any of the three accelerometry PA outcomes
across time points (all p > .05).
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Fig 3| Accelerometer outcomes for means (SD) of percentage of lunch and recess time in moderate- to vigorous-intensity physical activity
(MVPA) per day (A), percentage of school day time in MVPA per day (B), and minutes per day in MVPA (C), by intervention group and year.
The linear mixed-effects model was used to analyze accelerometer data with children nested within school as a random effect. Percentage
of lunch and recess time in MVPA: Intervention x Time interaction, p < .0001. Percentage of school day time in MVPA: Intervention x Time
interaction, p <.0001. Tukey—Kramer multiple comparison adjustments were used to assess pairwise comparisons of intervention groups
for percentage of school day time in MVPA at Y1 with significant differences between some: LL (learning landscape)-Curriculum was higher
versus Control, adjusted p =.011; LL-Curriculum was higher versus Curriculum, adjusted p <.0001; and LL-Curriculum was higher versus
LL, adjusted p <.0001. Minutes per day of MVPA: Intervention x Time interaction, p=.0012.

DISCUSSION

This study investigated the effects of elementary
schoolyard renovations and a PA curriculum deliv-
ered during recess, both alone and in combination,
on children’s PA. Results using different methods
(i.e., observation, selfreport survey, and acceler-
ometry) and targeting different parts of the day
(recess, outside the school day, and the entire day)
all indicated a lack of an effect for any intervention

condition compared with control. The lack of effects
resulting from the IPLAY study reflects other inter-
vention trials summarized in a recent meta-analysis
which reported little to no effect of PA interventions
on accumulation of MVPA [39]. The magnitude of
effect across 14,326 participants was approximately
4 min of additional MVPA per day [39]. This evi-
dence suggests that interventions must not only

attempt to increase PA during already established
TBM
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free time, but also provide additional PA opportu-
nities [40].

Our primary outcome data (direct observation,
SOPLAY) do not allow for effectiveness analysis for
children at risk (not meeting guidelines), and our
other methods (survey and accelerometer) did not
have enough statistical power for a meaningful ana-
lysis of atrisk children. Other studies have shown
that although no effects of PA interventions were
found overall, children with low levels of PA did
have an increase in PA "'l A study of the moderat-
ing influences of baseline PA levels on a recess inter-
vention found that children with low baseline PA
levels benefited more from the involvement of staff
combined with equipment availability than children
with higher baseline PA levels [41]. This suggests
that the IPLAY study may have increased PA levels
in the least active children.

Recess has been promoted as a solution to pro-
mote PA among children as school day PA via phys-
ical education classes may be reduced [9]. However,
our study shows that recess by itself does not seem
to be long enough (15-20 min) to produce change
in children’s PA. In addition, some available recess
time was needed to manage the children to get ready
for recess and to bring them back in from recess.
This managing of children affected our ability
(decreased the time available) to implement the cur-
riculum during recess. If recess is meant to serve as a
meaningful PA-promoting opportunity, it may need
to be lengthened, or coupled with PA-promoting
classroom activities such as math class summing
steps taken during recess, language arts classes pro-
viding reading and writing assignments about PA to
do during recess, and science classes teaching that
energy balance can occur during recess.

SPARK has been implemented in various school
settings [10, 11, 40]. However, to our knowledge, no
studies have evaluated SPARK AR implemented
during recess, alone or in combination with envir-
onmental modifications. Our results suggest that
SPARK AR delivered during recess did not result
in greater amounts of accumulated MVPA during
the lunch recess period or other parts of the day. It is
possible that individuals participating in the SPARK
AR curriculum during recess simply replaced one
type of activity with another activity of equally high
intensity. Our sample overall spent approximately
38% of recess time engaged in MVPA, which aligns
with guidelines suggested by Ridgers and colleagues
[42] of 40%, providing possible evidence of activity
substitution. Furthermore, the structured SPARK
AR delivery period had concluded prior to accel-
erometer data collection. However, it may have
been that once the structured SPARK AR curric-
ulum implemented by trained study staff was com-
pleted, teachers, staff, and children did not continue
to engage in these activities. Although this design
enabled us to examine whether SPARK AR was

adopted by the schools after the structured program
delivery (i.e., program sustainability), this is a signif-
icant limitation in assessing the true effectiveness of
SPARK AR. In the future, the intervention curric-
ulum may need to be repeated throughout the year
and measurements should be conducted while the
SPARK AR curriculum is implemented to deter-
mine if it has an effect on MVPA.

The lack of effect of the schoolyard renovations
is likely due to the fact that schools were selected
that had renovated their schoolyards at least 3 years
prior. This was counter to our expectation that stu-
dents would learn to use the new environment over
time. This expectation was indicated by our pilot
results which showed no differences in PA between
newly (past year) renovated schoolyards and school-
yards that were renovated three or more years ago
[24]. For this reason, the study was designed to be
longitudinal at the school level instead of the individ-
ual level. However, one of the possible mechanisms
by which environment renovations promote PA is
through a novelty effect. If children are present to see
the schoolyard change, they may be more motivated
to use the new and improved schoolyard structures.
Due to the way that schools were selected, most stu-
dents were not attending the school before the ren-
ovation occurred. Consequently, they perceived no
change in the environment, which likely translated
to a lack of change in motivation and behavior.
This sugge