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Introduction: Nature exposure is associated with many wellbeing benefits. However, the influence
of green space on the physical activity and social behaviors of children is not completely under-
stood. The purpose of the study was to complete a stepwise impact evaluation of a large-scale play-
ground greening project at a Title 1 elementary school in Los Angeles, California.

Methods: Physical activity and social interaction data were collected with direct observation and
accelerometers pre-, immediately post-, and 4 months post-greening at control (students
enrolled=393) and experimental (students enrolled=538) locations from 2016 to 2017. Effects of
relevant variables on recess behavior were analyzed with linear mixed models in 2018.

Results: Zone popularity and recess behaviors did not change for control students during the
study (p>0.05). Areas replaced by green space became the most popular for experimental students
who transitioned from traditional playground games/sports to tag/chasing, gymnastics, climbing/
jumping, and creative play. The percentage of students observed as sedentary decreased by 10.0%
(95% CI=4.9%, 15.0%) at 4 months, p=0.003. Vigorous activity participation increased pre to post
at the individual (48.5%, 95% CI=29.1%, 67.9%, p<0.001) and population level (41.2%, 95%
CI=27.3%, 55.1%, p=0.003) and remained higher than pre-greening at 4 months (p<0.05) for girls
in the experimental group only. The moderate to vigorous physical activity differential between
green space and hardscape was greater for fifth graders than all other grades, p=0.002. Student
physical and verbal conflict rates decreased below pre-greening rates after 4 months for the experi-
mental group, p<0.001.

Conclusions: Results suggest that adding green space to asphalt-covered schoolyards helps expose
children to nature, increases daily activity levels, and promotes social wellbeing in sex- and age-
dependent ways.
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INTRODUCTION

ultiple studies have shown that physical activ-
M ity (PA) is positively related to health and aca-
demic performance.l_4 Unfortunately, more
than 80% of Los Angeles, California, children do not
meet the federal PA guidelines.” Physical inactivity has
been linked to lower SES, poor neighborhood safety, a
lack of green space, and peer bullying.” ” In part because
of inactivity, 32%—36% of Los Angeles children living in
low-income urban neighborhoods are obese and more
than 6% report fair or poor health status.”*
Nature exposure has been related to multiple physical,
mental, and social health benefits.”'® Natural elements
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in play spaces appeal to children with diverse play pref-
erences and may subsequently contribute to playground
cohesiveness and decreased bullying during recess, as
suggested through retrospective surveys and post-green-
ing behavioral mapping.'”~*’ In addition, depending on
playground design, children can accumulate up to 40%
of their recommended moderate to vigorous physical
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activity (MVPA) minutes at recess.”* *® However,

results from cross-sectional studies that quantify activity
levels in green spaces are equivocal. For example, some
studies show that students are more likely to be seden-
tary on paved sport courts and solid surfaces and more
likely to be engaged in MVPA in grassy areas within a
single playground,'””” whereas other studies show that
step count and the percentage of students engaged in
MVPA is similar between schoolyards with large differ-
ences in green space.””” Green space tends to appeal
more to girls and asphalt with painted lines tends to
favor boys and students who are already meeting the PA
guidelines through sport.'””"** Interestingly, some stud-
ies demonstrate that boys are more active than girls in
school'” and neighborhood'® green space and others
demonstrate that MVPA is either not different between
sexes or higher for girls in urban green space.'**”’

Results from the aforementioned studies suggest that
the influence of playground greening is not completely
understood. In addition to inconsistent findings, a
majority of previous studies evaluating the impact of
green space use acute population-level momentary sam-
pling techniques and have not included a control loca-
tion,' !> 14197222934 Ng study has examined a stepwise
impact of school playground design changes or deter-
mined whether PA rates persist over time for individual
students. Studies comparing sex-specific and age-group
PA levels in green schoolyards are also lacking.

The purpose of this study is to identify the relative
impact of a large-scale playground greening project at a
Title I elementary school in Los Angeles, California. The
study specifically aims to determine the short- and long-
term impacts of playground greening on MVPA levels
and on antisocial interactions during unstructured recess
periods.

METHODS
Study Population

The study was a nonrandomized, controlled trial with cluster sam-
pling that was conducted from 2016 to 2017. Two Title I elemen-
tary schools in the Los Angeles Unified School District with
baseline enrollments of 393 (control) and 538 (experimental) stu-
dents were selected based on proximity, playground square foot-
age, baseline playground design, and existing plans for large-scale
greening renovations at one site. A total of 437 students (355
experimental; 82 control) participated in one or more individual
data collection methods described below. Appendix Table 1 pro-
vides a breakdown of subject demographics in relationship to
study participation.

At baseline, the following zones were present at both locations:
kickball, basketball, volleyball, four-square, dodgeball, tetherball,
handball, open field, and non-designated space near buildings.
Zone number (control=18, experimental=21) and location were
held constant throughout the study. In summer 2016 in the
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experimental location, 221,000 square feet of asphalt distributed
in four playground zones were replaced by green space. Changes
included (1) introduction of trees, mulch, and boulders in two
zones; (2) replacement of one asphalt field with grass and trees;
(3) replacement of another asphalt field with an outdoor class-
room (decomposed granite floor, mulch and plant border, and log
seating).

Measures

Recess-specific playground behavior was assessed for a period of 2
weeks prior to (pre-greening), immediately after (post-greening),
and again 4 months after greening (follow-up). At both locations,
two separate 20-minute recess periods were held in the morning
and afternoon according to grade level (first to third grades and
fourth and fifth grades).

PA and social interactions were assessed with two recess-
context validated observation tools: System for Observing Play
and Leisure Activity in Youth (SOPLAY) and System for
Observing Children’s Activity and Relationships During Play
(SOCARP).>>*° Researchers achieved a Cronbach « inter-rater
agreement of 98.2% for combined SOPLAY and SOCARP
measurements during training exercises, which met previously
established reliability criteria.”>*> SOPLAY includes systematic
scans of individuals and contextual factors within predeter-
mined target zones. During a scan, activity level of individuals
(sedentary, walking, or vigorous) and predominant activity
mode were recorded. SOCARP simultaneously records a target
child’s activity level, social group size, activity type, and social
interactions.

During each data collection phase, a total of 55—65 population-
based SOPLAY observations representing one to three daily scans
every recess period were completed for every zone at both loca-
tions. Scans were repeated during a single recess period after the
entire playground had been surveyed and only if researchers noted
significant student migration between zones.

PA and social behavior data via 4-minute target child observa-
tions (SOCARP) extrapolated to 20 minutes was collected from a
pool of recruited subjects at recess pre- (control: n=70, experi-
mental: n=236), immediately post- (control: n=49, experimental:
n=171), and 4 months post-greening (control: n=48, experimen-
tal: n=188).

At the experimental location, minutes spent sedentary or
engaged in light-, moderate-, or vigorous-intensity PA were
assessed pre- (n=83, first to fourth grades), immediately post-
(n=143, first to fifth grades), and 4 months post-greening (n=146,
first to fifth grades) using a triaxial accelerometer, Actigraph
GT3X+. The GT3X+ accelerometer has been previously validated
for measurement of PA levels of children in elementary school
playgrounds.””*® Students wore accelerometers attached to a belt
around the waist all day for 5 consecutive school days during each
study phase. Wear time was validated, and accelerometer data
scored with ActiLife, version 6.0 software using student-specific
recess time filters and the Freedson Children (2005) algorithm for
METs, cut points, and MVPA.** Combination of observation and
accelerometer data collection methods allowed for specific and
reliable analysis of behavior.*’

All procedures received approval from the Los Angeles Unified
School District Committee for External Research and the Occi-
dental College IRB.
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Statistical Analysis

Data from repeated scans of the same zone or child on the same
day were averaged across observations to obtain activity profiles.
Similarly, individual accelerometer data were averaged across the
week during each study phase. Students with <3 days of acceler-
ometer data were excluded from analysis. All statistical analyses
were conducted in 2018 using SPSS, version 24 and significance
level was set a priori at p<0.05. For the accelerometry and
SOCARP data, intention-to-treat protocol was adopted, and base-
line data entered when post- or follow-up data were missing. Lin-
ear mixed models were used to determine main and interaction
effects of condition, study phase, sex, grade, and surface type on
play behaviors. Study phase was specified as the repeated variable
and observation zone and subject ID were specified as random
factors for population- (SOPLAY) and individual-level (SOCARP
and accelerometer) data respectively to control for their associated
intraclass correlation. Linear mixed models have been shown to be
an appropriate tool for analyzing longitudinal data with missing
values, correlated data, and unequal variances."' ~** Relationships
between activity levels and social interactions (e.g., group size,
time spent in prosocial or antisocial behavior) were identified
with Pearson correlation.

RESULTS

Zone popularity was influenced by location and study
period (F[2, 4483]=7.80, p<0.001). Pre-greening, zone
popularity was similar between locations (p>0.05). In
order of decreasing popularity, girls preferred handball,
non-designated space with seating, and open space
whereas boys preferred handball, four-square/dodgeball,
and open space. The least popular zones were kickball

Table 1. Population Activity Levels by Location

and basketball for girls and non-designated space with
seating and volleyball for boys. The distribution of control
students remained stable across study phases (p>0.05).
Conversely, the number of experimental students
increased in areas replaced by green space, the degree of
which differed by sex. In open space, the relative number
of girls increased from 16.0% to 28.2% (12.2% change,
95% CI=9.3%, 15.1%) and the relative number of boys
increased from 10.9% to 17.1% (6.2% change, 95%
CI=0.3%, 12.1%) pre- to post-greening whereas the num-
ber of girls and boys decreased in handball and four-
square/dodgeball zones. Green open space was the most
popular zone on the playground at follow-up, hosting
24.1% and 15.7% of all girls and boys, respectively.
Pre-greening, students participated in traditional
playground games (e.g., handball, kickball, tetherball,
four-square) whereas tag/chasing, gymnastics (e.g.,
handstands, cartwheels), climbing/jumping, and creative
play were the most popular activities after greening. The
number of girls participating in gymnastics increased
from 0.8% to 54.1% and the number participating in tag/
chasing increased from 2.0% to 28.2% in open space
post-greening. The number of boys participating in tag/
chasing in open space increased from 3.2% to 54.3%.
The number of students observed in sedentary (F[2,
4483]=4.11, p=0.003), moderate (F[2, 4483]=4.89,
p=0.003), and vigorous (F[2, 4483]=3.78, p=0.005) activ-
ity was influenced by location and study phase (Table 1).
The highest percentages of sedentary students were
located in handball (55.8%, 95% CI=53.5%, 58.2%),

Aggregated SOPLAY results, mean % (95% Cl)
Percent Percent Absolute Absolute
Pre- Post- 4-month change pre change pre change pre change pre
Location greening®  greening follow-up to post to follow-up to post” to follow-up”
Control
Sedentary 55.2 55.0 57.7 n/a n/a n/a n/a
(51.9, 58.3) (53.6, 56.4) (55.9, 59.5)
Moderate 31.7 30.8 30.0 n/a n/a n/a n/a
(29.1, 34.3) (29.4, 32.2) (28.5, 31.5)
Vigorous 13.2 12.6 12.3 n/a n/a n/a n/a
(11.7, 14.6) (11.4,13.8) (10.7,13.9)
Experimental
Sedentary 53.8 46.2 48.5 -13.7 -10.0 —-8.0 —-5.5
(50.5, 57.1) (44.2,48.2) (46.4,50.7) (—9.1,-18.2) (—4.9, —15.0) (—5.3, —10.6) (—2.7, —8.3)
Moderate 33.2 37.6 36.0 17.8 n/a 4.8 n/a
(30.6, 35.9) (35.8,39.4) (34.1, 37.9) (9.8, 25.8) (2.5, 7.2)
Vigorous 13.0 16.2 15.5 33.0 28.2 31 2.3
(11.4, 14.6) (14.8,17.6) (14.0,16.9) (18.0, 47.9) (11.1, 45.2) (1.5, 4.8) (0.6, 4.0)

Note: Boldface indicates statistical difference relative to pre-greening (p<0.05).

?Baseline values were not different between control and experimental locations (p>0.05).

*The number of students out of 200 whose activity level at any given time is different relative to baseline.
n/a, not applicable; SOPLAY, System for Observing Play and Leisure Activity in Youth.

www.ajpmonline.org
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Table 2. Population Activity Levels by Surface Type
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Aggregated SOPLAY results, mean % (95% CI)
Sex Hardscape Green space Percent difference Absolute difference”
Girls
Sedentary 58.5 (55.2, 61.7) 48.0 (45.6, 50.3) —18.7 (—14.8, —22.6) —11.0 (—8.6, —13.5)
Moderate 28.8 (26.7, 30.9) 35.3 (32.7, 38.0) 21.6 (12.2, 30.9) 6.1(3.4,8.7)
Vigorous 12.8 (10.9, 14.6) 16.7 (14.5, 19.0) 52.1(24.6, 79.6) 5.0 (2.0, 7.9)
Boys
Sedentary® 47.7 (46.1, 49.3) 40.8 (38.3, 43.3) —14.6 (8.6, —20.5) —7.3(—4.6,-10.1)
Moderate® 37.5(36.3, 38.7) 42.6 (40.4, 44.7) 16.7 (9.5, 23.9) 5.8 (3.3,8.3)
Vigorous 14.8 (13.3,16.2) 16.6 (14.5, 18.7) n/a n/a

Note: Boldface indicates statistical difference relative to hardscape (p<0.05).

aSignificantly different than opposite sex for same surface (p<0.05).

The number of students out of 100 whose activity level at any given time is different relative to hardscape.
n/a, not applicable; SOPLAY, System for Observing Play and Leisure Activity in Youth.

kickball (53.3%, 95% CI=50.0%, 56.6%), and volleyball
(52.7%, 95% CI=48.0%, 57.4%) areas independent of
study phase, location, or sex. Pre-greening sedentary
counts at both locations were lowest in the basketball
courts (41.0%, 95% CI=35.1%, 46.9%) and open space
(39.4%, 95% CI=34.5%, 44.3%). The percentage of experi-
mental girls observed in vigorous activity was higher than
pre-greening at post (percentage change=41.2%, 95%
CI=27.3%, 55.1%, p=0.003) and follow-up (percentage
change=38.5%, 95% CI=23.3%, 53.6%, p<0.05). Vigorous
activity participation did not change for boys (p>0.05).
Regardless of sex, more experimental students were active
in green space compared with hardscape areas (F[1,
2282]=7.13, p<0.001; Table 2).

SOCARP observations of experimental students
revealed an interaction effect between grade X surface
type (F[4, 998]=9.48, p=0.002). Fifth graders spent less
time (1.2—1.7 minutes) engaged in MVPA on hardscape
during recess than all other grades. Although there was a
general trend for greater MVPA minutes on green space
relative to hardscape, green space MVPA minutes were
only significantly different between surfaces for fifth
grade students (mean difference=1.8, 95% CI=1.6, 2.1,
p=0.001).

Table 3. Individual Activity Levels Recorded by Accelerometer

Accelerometer analysis revealed main effects of study
phase and sex for minutes spent sedentary (study phase:
F[2, 325]=20.70, p<0.001, sex: F[1, 325]=73.45,
p<0.001) and engaged in MVPA (study phase: F[2, 325]
=15.92, p<0.001, sex: F[1, 325]=50.26, p<0.001) at the
experimental location. Playground greening resulted in
an individual decrease in sedentary time and corre-
sponding increase in MVPA independent of sex
(Table 3). Boys spent fewer minutes sedentary during
recess (mean difference=2.2, 95% CI=1.8, 2.6) and more
minutes in MVPA (mean difference=2.0 min, 95%
CI=1.6, 2.4). Girls, but not boys, increased time in vigor-
ous PA (F[2, 325]=20.46, p<0.001; mean difference pre
to post=1.0, 95% CI=0.6, 1.4; mean difference pre to fol-
low-up=0.8, 95% CI=0.4, 1.2). Although sedentary
minutes were lower than baseline at follow-up for all
grades, significant differences were only recorded for
first (mean difference=1.6, 95% CI=0.7, 2.5) and fourth
graders (mean difference=2.5, 95% CI=1.4, 3.5, F[8, 325]
=4.32, p<0.001).

Antisocial behavior recorded through SOCARP was
affected by location and study phase (F[2, 998]=10.28,
p<0.001). Physical and verbal conflict rates decreased
below pre-greening rates after 4 months at the

Minutes during 20-minute recess, mean (95% Cl)
Activity Pre- Post- 4-month Percent change Percent change
level greening greening follow-up pre to post pre to follow-up
Sedentary 8.8(8.2,9.4) 6.5 (6.1, 6.9) 7.2 (6.8, 7.6) —19.2 (—11.4, —27.0) —12.4(—6.8, —18.1)
Light 2.2(2.0,2.4) 2.2(2.0,2.4) 2.1(2.0,2.2) n/a n/a
MVPA 9.4 (8.8, 10.0) 11.3 (10.9, 11.7) 11.1 (10.7, 11.5) 19.2 (10.9, 27.6) 12.1 (4.7, 19.6)

Note: Boldface indicates statistical difference relative to pre-greening (p<0.0
MVPA, moderate to vigorous physical activity; n/a, not applicable.
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Table 4. Physical and Verbal Conflict Rates

Number of antisocial interactions during 20-minute recess, mean (95% Cl)
Pre- Post- 4-month Percent change Percent change
Location greening? greening follow-up pre to post pre to follow-up
Control 3.6 (3.2,4.0) 2.9(1.5,4.3) 3.2 (2.6, 3.8) n/a n/a
Experimental 3.5(2.5,4.5) 4.6 (3.0,6.2) 1.8 (1.0, 2.6) n/a —50.9 (—18.6, —83.2)

Note: Boldface indicates statistical difference relative to pre-greening (p<0.05).
?Baseline values were not different between control and experimental locations (p>0.05).

n/a, not applicable.

experimental location (Table 4). Prosocial interactions at
both locations were positively correlated with the
amount of time spent in small groups (two to four stu-
dents; 7=0.26, p<0.001). Playground greening resulted in
a significant decrease in minutes spent alone (mean dif-
ference= —2.2, 95% Cl= —1.7, —2.7, p<0.01) and a sig-
nificant increase in the number of minutes spent in
small groups (mean difference=1.7, 95% CI=0.9, 2.6,
p<0.01).

DISCUSSION

The current study tracked student PA and social interac-
tion behaviors prior to and after a large-scale greening
project in a low-income urban school. Following the
replacement of asphalt with grass, trees, and other natu-
ral features, elementary school students spent less time
sedentary and participated in more collaborative play
with peers during recess. Notably, students traditionally
at higher risk of not meeting PA guidelines, girls and
older students, benefited the most from green space
exposure as evidenced by zone selection and relative per-
sistent changes in PA participation.

Activity levels increased immediately after greening
and remained higher than baseline at the experimental
location throughout the study. Results show that stu-
dents accumulated an additional 20—30 MVPA minutes
per week during standard recess periods alone. New
recess-specific MVPA totals approach 40% of that rec-
ommended by federal guidelines. Interactions with the
greened playground outside of recess time (e.g., before
school, after school, during physical education) would
add to this total.

Interestingly, MVPA changes recorded for individual
girls were largely due to an increase in vigorous-intensity
activity. Prior to renovations, the highest and lowest
number of girls were located in handball and basketball
courts, respectively. The greatest percentage of sedentary
students was observed sitting on benches watching or
waiting for their turn in handball courts, whereas the
greatest percentage of active students was observed play-
ing basketball. Green zones provided new opportunities

for engagement in non-sport activities like gymnastics,
tag, and climbing, activities often characterized by fre-
quent bouts of vigorous intensity.

The higher activity levels recorded for both sexes in
green space is in line with schoolyard data collected in
Australia'’ and Denmark™ and neighborhood data col-
lected in the United Kingdom.34 However, unlike the
current study, the relationship between green space and
vigorous-intensity activity was greater for boys in United
Kingdom neighborhoods. It is possible that these neigh-
borhoods include large areas of green space designed for
sport, which appeal more to boys. Indeed, another
study'” that employed similar methods reported no sex
difference in MVPA minutes accumulated in urban
green space.

Some studies have shown that the impact of green
space on PA participation decreases with age.13’18’21
However, in the current study, data collected for first
to fifth graders suggest the opposite. Students who
started the study as fourth graders initially participated
in the lowest MVPA levels and experienced the greatest
change in activity levels after playground greening. At
follow-up, activity levels were no longer different
between grades. Study discrepancy may be related to
the age of students being compared. For example, in
Bates et al.,”" first to fourth grades were compared with
fifth to eighth grades and in Janssen and Rosu,'’ the
youngest subjects were in the sixth grade. In middle
school, activity habits may be more established and less
influenced by changes in the environment. There are
also age group differences in voluntary and mandatory
time spent outdoors.

Similar to conclusions made by other researchers,
behavioral changes measured in the current study may
be the result of greater and more enjoyable opportunities
for creative free play, more age-appropriate options, and
subsequently a decrease in boredom and an increase in
intrinsic motivation."****** Indeed, the introduction of
green space changed how playground space was used.
Prior to greening, the greatest playground square footage
was devoted to kickball/baseball and open fields, areas
which, when combined, regularly hosted less than 25%

www.ajpmonline.org
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of the student population. The asphalt field surrounded
by track lanes in the middle of the experimental play-
ground was primarily used as a thoroughfare to other
playground areas. Outside of the asphalt field, students
engaged in traditional playground games with the use of
school-provided activity balls and game rules learned in
physical education. Four months after greening, open
space locations that had been replaced by grass, trees,
and logs were the most popular areas on the playground,
which coincided with decreased use of standard equip-
ment as more and more students chose to play tag/chas-
ing games, to climb and jump, or to practice gymnastics.
Researchers and school staff noted that students fre-
quently worked together in small groups to create new
games and pretend scenarios when located in green
space. Examples included building human nests with
mulch and leaves, attempting to avoid fire represented
by the ground as one walked/ran along one log and
jumped to another, and playing a version of hide and
seek combined with capture the flag using trees and
boulders as protection. The climbing and jumping asso-
ciated with navigating through the log seating in the out-
door classroom and between the trees and boulders
randomly placed throughout the yard could contribute
to motor skill development in the areas of balance, coor-
dination, and agility.'"** Additionally, opportunities for
imaginative play during unstructured recess can increase
the acquisition of important developmental skills, such
as communication, negotiation, cooperation, sharing,
problem solving, and coping.*® Higher verbal and physi-
cal conflict rates immediately post-greening followed by
significantly lower antisocial interactions at 4 months
relative to baseline, may suggest that it takes time for
children to learn how to navigate new spaces with peers
and that ultimately, social skill development occurs with
prolonged green space exposure. Indeed, in one study,
caregivers and teachers reported less teasing/bullying at
20 and 32 months after green schoolyard renovation.”!

This study has multiple strengths. The longitudinal
nature, incorporation of a control location, and multiple
data collection strategies allowed for specific analysis of PA
context on the elementary school playground before and
after green space renovations. Conclusions were possible
at both the individual and population levels. Additionally,
simultaneous comparisons were made between hardscape
and green space, between sexes, and between grades.

Limitations

Because data were collected at a single experimental
location, results may not be applicable to schools with
different student demographics or design features.
Because of low parental consent for individual SOCARP
observations at the control location, representation in
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the control sample was limited. Additionally, behavior
data related to yard supervisor—student interactions
were not collected. However, researchers noted that
some supervisors limited movement on asphalt when
they believed student safety was at risk. Similarly, the
influence of instructor guidance during physical educa-
tion or afterschool programs on zone preference and
activity choices at recess was not evaluated.

CONCLUSIONS

The evidence supporting a direct relationship between
nature exposure and childhood wellbeing is mounting.
However, in urban low-income neighborhoods, contact
with nature is often minimal. The results from this study
confirm that adding green space to existing asphalt-cov-
ered schoolyards is one mechanism by which to expose
children to nature, increase daily MVPA levels, and pro-
mote social wellbeing in sex- and age-dependent ways.
Complementary studies are needed to explore how
much additional green space can be incorporated into
school playgrounds to further narrow the activity gap
between sexes without decreasing preferred activity
options on hardscape.
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