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Background: Careful research that elucidates how behavior relates to design in the context of elementary 
school grounds can serve to guide cost-efficient design with the goal of encouraging physical activity (PA). This 
work explores patterns in children’s PA behavior within playground spaces with the specific goal of guiding 
healthy playground design. Methods: Data on children’s utilization and PA behavior in 6 playgrounds divided 
into 106 observation zones were collected in 2005 and 2006 at Denver elementary school playgrounds using 
the System for Observing Play and Leisure Activity in Youth.  Analyses of variance and t tests determined 
whether there were differences in utilization and behavior patterns across observations zones and between 
genders. Results: This study provides evidence that children prefer to use certain types of playground zones 
and that they are more likely to practice moderate-to-vigorous physical activity (MVPA) in some zones. The 
authors observed statistically significant differences between genders. Boys were more likely to engage in 
MVPA in zones without equipment, girls were more likely to use zones with equipment. Conclusions: This 
work suggests that the inclusion or omission of specific playground features may have an impact on the way 
that children use the spaces.
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As childhood obesity has become a global pan-
demic,1 with a particularly high growth in prevalence 
in the United States,2 promoting physical activity (PA) 
among children has become a primary public health goal.3 
In addition to contributing to a healthy energy balance 
and reducing risk of obesity, PA confers numerous health 
benefits to children, including reduced risk for cardiovas-
cular disease and diabetes,4 reduced risk for systematic 
inflammation,5 and improved cognitive development and 
brain function.6

Particularly in light of the widespread increase in 
obesity rates, researchers have begun to consider the role 
of the physical environment in encouraging PA, which 
children are less likely to practice as they age.7 Perhaps 

due to the complex nature of threading apart a variety 
of geographic factors that include economic, social, and 
cultural factors, determining the role of the environment 
in encouraging PA has been difficult. There is a general 
consensus that the environment is important at a variety 
of geographic scales and the importance of recreational 
amenities in promoting PA and reducing obesity has 
become established.

School-aged children who live near playgrounds, for 
example, are much less likely to be overweight or obese.8 
Residential proximity and park density are associated 
with higher levels of PA.9 With the average child spending 
over 1000 hours at school each year,10 the school envi-
ronment plays a critical role in children’s PA behavior. 
A recent study estimates that school recess contributed 
17.9% and 15.5% of boys’ and girls’ daily moderate-
to-vigorous PA (MVPA), respectively.11 Additionally, 
school playgrounds may also offer a valuable PA resource 
outside of recess. For instance, work examining several 
states across the United States observed that schools rep-
resented 44% of potential local sites for PA.10 Efforts to 
improve PA environments specifically at school grounds 
can therefore provide an efficient and focused means of 
addressing the PA opportunities for young children.

School grounds provide a valuable community 
resource in Denver because they are open for public 
use. Providing these community resources is particularly 
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important for low-income neighborhoods, which tra-
ditionally lack sufficient physical resources and are 
characterized by obesogenic environmental factors.12 
The careful design of playground facilities is especially 
critical to disadvantaged groups such as ethnic minorities 
and low-income children, who are less likely to practice 
PA13,14 and more likely to attend schools with poor quality 
school grounds and recreational facilities.15

Several studies, encompassing a variety of data 
collection methodologies and settings, have identified 
specific playground features in parks and schools that 
are associated with higher levels of utilization and rates 
of PA. Studies in Cleveland, Ohio,16 and Denver, Colo-
rado,17–19 have shown that utilization rates are higher in 
renovated than in unrenovated school grounds. The 
timeframe over which renovation is associated with 
improved utilization remains unclear. In a study of 24 
schools in San Diego, Sallis et al observed environmental 
modifications that were associated with increased PA of 
students at different times of the day.20 Recent work has 
identified additional, specific facets of playgrounds that 
can serve to improve utilization and PA at schools, such 
as permanent playground equipment,21–24 playground 
markings,25 and the provision of game equipment.26,27 
In spite of an enormous amount of work on the ways 
in which the built environment is associated with PA 
behavior among children at different scales of analysis, 
relatively little is known about how they behave within 
playgrounds or how knowledge of playground behavior 
could serve to inform healthy playground design.

The impacts of large urban design projects are not 
often empirically evaluated, or, when they are, the work 
does not serve to inform the design process.28 Research 
that elucidates how behavior relates to design can serve 
to guide cost-efficient schoolyard designs with the goal 
of encouraging PA. The goal of this work is to examine 
specific facets of playground renovation on PA of chil-
dren, specifically (1) which features children use the most, 
(2) which features of the playground are associated with 
the highest rates of vigorous physical activity (VPA), 
and (3) to what extent there are gender differences in 
these patterns.

Methods

Setting

The original intent behind data collection in this study 
was to evaluate the impacts of the Learning Landscapes 
(LL) program on children’s PA levels, a citywide initiative 
to renovate elementary school playgrounds in Denver. 
LL school grounds were designed to provide children 
with nontraditional landscape design elements that are 
not part of typical schoolyards. These elements include 
shade structures, gardens, art from students and the 
public, and tile art. The first schoolyard was completed 
in 1998, and by 2012, all elementary schools in Denver 
had a LL schoolyard. Initial phases of the LL program 
targeted low-income schools facing economic, social, 

and educational challenges in deprived neighborhoods 
located in Denver’s industrial crescent.

The schools in this study were from low- to mid-
socioeconomic–status neighborhoods. Over 80% of the 
students qualified for free and reduced lunch fees on 
the basis of their family’s income. The students at 3 of 
the schools were predominately African American and 
the remaining 6 schools had primarily Latino popula-
tions, reflecting much of the social landscape in Denver. 
Because this work was conducted in an elementary 
school setting, the study population consisted of children 
between the ages of 5 and 11. Every school the authors 
approached agreed to participate in the study.

Study Design

Three elementary schools that had recently undergone 
LL construction were selected for the study. Each school 
with recent LL construction was subsequently matched 
with an elementary school that had no LL construction 
and another with older LL construction. The compari-
son schools were selected on the basis of neighborhood 
demographics and school size. This selection process 
serves the current study by providing a representative 
sample of playgrounds at various stages of renovation. 
There were 3 schools in each study group and a total of 
9 schools observed in the study.

Data Collection

Data collection took place for 4-day periods between Sep-
tember 19 and October 29, 2005, and again the following 
year between September 29 and October 19, 2006, using 
the System for Observing Play and Leisure Activity in 
Youth (SOPLAY). SOPLAY is a well-established obser-
vational method for evaluating PA levels of individuals in 
school settings.29 Since its inception, this method has been 
used extensively to observe PA and associated activity 
at schoolyards in a variety of contexts.16,24,30–33 SOPLAY 
uses predefined target areas that are delineated around 
where students are most likely to be active.

Observations in both 2005 and 2006 included all 
of the schools in the study, and schools were equally 
represented in both years of data collection; 75% of the 
observations were from 2005 and the remaining 25% 
from 2006. Each schoolyard studied was divided into 
observation zones, from which trained and certified 
observers recorded the number of children or adults 
present, their activity levels (“sedentary,” “walking,” or 
“moderately to vigorously active”), and the gender of 
the child observed. While specific age is not a part of the 
traditional SOPLAY protocol and was not recorded in the 
study, adults were distinguished from children and were 
excluded from this analysis. The study was approved by 
the Colorado Multiple Institutional Review Board.

Observers were trained over 2 days, including field 
practice to conduct SOPLAY observations by a certi-
fied SOPLAY instructor. To preserve the integrity of 
the observed data, observers were not members of the 
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investigator team. Two observers measured the same 
study areas for 20% of data collection, yielding an inter-
rater reliability of 87%. Because the SOPLAY method 
requires that observation zones be carefully defined, it 
is possible to examine utilization and activity levels at 
different scales of aggregation, including entire school 
grounds,17,19,34 specific features on the grounds, such as 
fixed play equipment and court markings,31 or compar-
ing activity in zones with manufactured equipment with 
green areas.24 Activity was observed in 106 observation 
zones across the 9 playgrounds.

Each schoolyard was divided into between 8 and 14 
zones, defined by the authors, that represented distinct 
environmental characteristics. Zones were classified 
according to their primary design or activity feature, 
including swings, play equipment (such as jungle gyms 
and slides), tetherball, and basketball. The authors also 
analyzed playground spaces without equipment, includ-
ing paved surfaces (“hard-surface play areas”), grassy 
areas specifically designed for activities (“play field 
areas”), and grassy areas without any programming or 
play equipment (“unprogrammed areas”).

Analysis

Estimates for particular zones were aggregated for all 
periods of observation, which included time before 
school, during the school recess period, after school, 
and on weekends. The sample size for the study was 
therefore derived from the number of zones across the 9 
study schools; the study zones were the unit of analysis. 
Because a representative sample of low-income schools 
was observed across multiple time periods, these data 
reasonably estimated activity patterns within each play-
ground zone.

The total number of children observed in activity 
zones could not be directly compared because the zones 
had different sizes, and overall playground utilization 
varied across observation times. To standardize for these 
factors, the authors calculated a “location quotient” (LQ) 
for the sum of activity observed in each playground zone. 
An LQ is the ratio of the percentage of children observed 
in a particular zone to the percentage of the total area of 
that zone. Zones with higher levels of activity than one 
would observe if utilization were perfectly distributed 
over the schoolyard have values greater than 1, and 
zones with less activity had values less than 1. LQs were 
examined with a t test to determine whether the LQs were 
significantly different from the null hypothesis, which 
suggests that a zone experienced its “share” of utilization, 
wherein the LQ is equal to 1.

Among the SOPLAY data collected were the number 
of children observed to be engaged in MVPA. Rate of 
MVPA was calculated by dividing that number by the 
total number of children observed. Previous work has 
validated the use of SOPLAY to collect MVPA data with 
accelerometer data.35 While utilization LQs estimated of 
the number of children observed in any particular school-
yard zone, the rate of MVPA indicated the likelihood 

that children were active at a predefined intensity level. 
Descriptive statistics of rates of MVPA were calculated 
for each zone class. The authors employed analyses of 
variance (ANOVA) to test for statistically significant 
variation in the observations between the zone classes 
for both utilization LQs and MVPA. Finally, using the 
gender data collected with the SOPLAY methodology, 
the authors conducted paired sample t tests for each zone 
class to test whether boys and girls behaved differently 
with respect to their use of the schoolyards.

Results

Utilization

There were statistically significant differences in utiliza-
tion in 4 of the 9 zone classes examined (Table 1). LQs 
were high for all children in swing areas (with a 95% con-
fidence interval [CI] of 1.71–3.16), hard-surface play areas 
(95% CI, 1.27–1.78), and play equipment areas (95% CI, 
3.10–5.64). LQs were low in play field areas (95% CI, 
0.20–0.40). An ANOVA indicated that there were statisti-
cally significant differences (P < .001) in utilization LQs 
across zone categories for all children combined, as well 
as in specific LQs for boys and girls (Table 2).

Moderate-to-Vigorous Physical Activity

A summary of rates of MVPA is provided in Table 3. 
The average rate for MVPA, the percentage of children 
observed exhibiting MVPA across all observations, was 
37.9%. In all zones containing playground equipment 
(51 zones in total), the authors observed significantly 
higher rates of MVPA. These zones include swing areas 
(66.6% of children observed in the zone were engaged in 
MVPA), play equipment areas (47.8%), basketball areas 
(45.2%), and tetherball areas (41.7%). Zones without 
equipment—play field areas (27.4%), hard-surface areas 
(27.9%), and unprogrammed areas (4.4%)—had lower 
rates of MVPA. ANOVA also indicated that were also 
statistically significant (P < .001) differences in MVPA 
across zone categories (Table 2).

Gender Differences

Paired sample t tests were conducted to determine 
whether there were differences in gender, both for uti-
lization LQs (Table 4) and rates of MVPA (Table 5). 
Differences were calculated for both tests by subtracting 
the sample value for girls from the sample value for boys. 
Therefore, positive values in these tables indicate greater 
utilization or PA rates among boys, and negative values 
indicate greater values for girls. There were distinct 
differences in activity across gender, both in terms of 
utilization and PA. Utilization was significantly higher 
for boys in play field and basketball areas and higher for 
girls in play equipment areas. Rates of MVPA were sig-
nificantly higher for boys in play field areas, hard-surface 
play areas, and play equipment areas.
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Table 1  Location Quotients of Utilization by Schoolyard Zones Type

95% Confidence Interval

Zone type n Mean SE Lower Upper P

Zones with equipment

  Basketball areas 9 1.34 0.28 0.71 1.97 .252

      Boys 1.78 0.34 0.99 2.56 .051

      Girls 0.83 0.20 0.36 1.30 .427

  Play equipment areas 23 4.37 0.61 3.10 5.64 <.001*

      Boys 3.94 0.62 2.63 5.25 <.001*

      Girls 4.88 0.61 3.62 6.15 <.001*

  Tetherball areas 8 1.87 0.41 0.89 2.84 .073

      Boys 1.45 0.25 0.87 2.03 .108

      Girls 2.32 0.65 0.79 3.85 .080

  Swing areas 11 2.43 0.33 1.71 3.16 <.001*

      Boys 2.22 0.39 1.35 3.09 <.001*

      Girls 2.70 0.30 2.04 3.37 <.001*

Zones without equipment

  Hard-surface play areas 23 1.53 0.12 1.27 1.78 <.001*

      Boys 1.52 0.12 1.28 1.76 <.001*

      Girls 1.53 0.15 1.22 1.85 .002*

  Play field areas 15 0.30 0.05 0.20 0.40 <.001*

      Boys 0.38 0.05 0.26 0.50 <.001*

      Girls 0.21 0.05 0.11 0.31 .001*

  Unprogrammed Areas 17 1.67 0.38 0.87 2.47 .093

      Boys 1.40 0.28 0.82 1.99 .164

      Girls 1.97 0.51 0.89 2.06 .259

* P < .01.

Note. n refers to the number of zones observed.

Conclusion
An understanding of how children use constructed space 
around schoolyards may give landscape architects, educa-
tion policy makers, and public health advocates important 
insights into building healthy playgrounds that encour-
age utilization and PA. An understanding of how gender 
is associated with this behavior can provide additional 
insight to those who wish to design spaces that encour-
age activity among girls, who do not generally exhibit 
as much MVPA as boys. The purpose of this work is to 
explore patterns in activity among school children within 
playgrounds to serve these goals. This work provides evi-
dence that there is a great deal of differential use within 
playgrounds. Some playground spaces are more heavily 
used than others, some contained higher rates of PA, and 
there are some striking differences in the ways that boys 
and girls use the playgrounds.

Utilization

The first step in exploring ways to improve design of 
recreational facilities for children as a public health 

intervention may be to encourage children to use these 
spaces. Some recent work examines the impacts of 
specific features in playgrounds on overall playground 
use.34 In a direct observation study in Cleveland, Ohio, 
for example, the authors conclude that cleanliness, shade 
for resting features, and safety are associated with differ-
ent rates of utilization among different groups.16 Little 
work has examined the relative utilization patterns within 
playgrounds at elementary schools.

A systematic examination of utilization within 
schoolyards presents the problem that the 104 different 
zones observed in the study have different sizes, and 
that different playgrounds have different populations at 
different times. To account for these factors, the authors 
have used the LQ to provide an indication of which 
parts of the playground experienced high relative utili-
zation. Significantly greater utilization was noted both 
in zones with constructed features (play equipment and 
swing areas) and without) equipment (hard-surface play 
areas. A well-balanced schoolyard that contains—at a 
minimum—play equipment, swing sets, and some open 
hard-surface play areas, may serve as an effective start-
ing point for planners. While play field areas can serve 
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important function to school activities and programs, they 
do not appear to be an effective use of schoolyard space in 
terms of utilization. These spaces, however, might serve 
an important function in terms of school curriculum and 
other activities.

Moderate-to-Vigorous Physical Activity

Examining the rate of PA addresses a different question 
from utilization; namely, what are children’s behav-
ior patterns once they are physically in these spaces? 
Existing playground research offers valuable insight by 
identifying features that are associated with higher rates 
of MVPA. For example, previous work has discovered 
that contextual conditions, such as the availability of 
school ground equipment and the presence of adult 
supervisors,30 playground markings,36 the quantity of 
play equipment23,37 are associated with higher rates of 
MVPA. Some work has also begun to explore patterns 
of activity within playgrounds. Dyment et al24 determine 
that manufactured equipment at schools in Canada and 
Australia contained the highest levels of MVPA. Farley 
et al conclude from a study in New Orleans that children 
are more likely to be active in areas with installed play 
equipment and basketball goals.22

The current study supports the notion that fixed 
manufactured equipment, such as slides and jungle gyms, 

Table 2  Analysis of Variance (ANOVA) of Utilization LQs and MVPA Rates 
by Zone Classes

df Mean square F P

Utilization LQ

  All zones 105

      Between groups 6 184.74 11.6 <.001**

      Within groups 99 262.92

  Boys 105

      Between groups 6 140.37 9.0 <.001**

      Within groups 99 258.27

  Girls 105

      Between groups 6 255.6 13.7 <.001**

      Within groups 99 308.6

Rate of MVPA

  All zones 105

      Between groups 6 3149.0 21.4 <.001**

      Within groups 99 160.1

  Boys 105

      Between groups 6 2855.6 15.4 <.001**

      Within groups 99 185.2

  Girls 105

      Between groups 6 4940.5 20.9 <.001**

      Within groups 99 236.8

** P < .01.

Note. n refers to the number of zones observed.

is important for designing active elementary school play-
grounds. In zones containing constructed features in this 
study, children were twice as likely to engage in MVPA; 
zones with equipment had an average MVPA rate of 
50.4%, and zones without equipment had an average rate 
of 25.7%. Among the types of zones that were examined, 
swing areas had the highest rate of MVPA, with a rate of 
66.6%. Supporting a similar finding from Dyment et al 
(2009), “unprogrammed areas,” open grassy areas without 
markings, equipment, or other features, had the lowest 
rates of MVPA (4.4%).

Gender

There is general consensus that boys are more likely 
to engage in active play than girls in recreational set-
tings.11,17,38 Although the body of evidence generally 
shows that boys are more active than girls during recess, 
there is some evidence to the contrary.39 The reasons 
for these observations may stem from the fact that boys 
generally use school recess as an opportunity to engage 
in competitive sports, whereas girls are more likely to 
use this time for social play.40 In the current study, boys 
engaged in MVPA 40% of the time, compared with 33% 
among girls (Table 5).

Exploring designs that encourage girls to be active 
is an important public health and design consideration. 
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Table 3  Rates of MVPA by Schoolyard Zones Type

95% Confidence Interval

Zone type n Mean SE Lower Upper

All zones 106 37.90 1.81 34.02 41.19

  Boys 39.63 1.79 36.10 43.17

  Girls 32.90 2.18 38.57 37.23

Zones with equipment 51 50.43 13.2 49.72 54.14

  Boys 51.88 13.1 48.19 55.56

  Girls 47.60 17.9 42.56 52.64

Basketball areas 9 45.23 3.78 36.51 53.96

  Boys 49.11 3.63 40.74 57.49

  Girls 34.94 21.70 18.27 51.62

Play equipment areas 23 47.78 1.72 44.20 51.35

  Boys 51.48 2.37 46.57 56.39

  Girls 45.01 8.22 41.46 48.56

Swing areas 11 66.55 3.18 59.45 73.64

  Boys 60.74 2.51 55.15 66.32

  Girls 69.88 4.39 60.11 79.70

Tetherball areas 8 41.73 4.59 30.90 52.57

  Boys 43.93 6.92 27.56 60.30

  Girls 38.65 4.17 28.78 48.51

Zones without equipment 55 25.71 2.0 21.76 29.66

  Boys 28.28 2.0 24.23 32.34

  Girls 19.27 2.3 14.65 23.90

Hard-surface play areas 23 27.88 2.14 23.45 32.31

  Boys 30.95 2.30 26.17 35.73

  Girls 23.47 2.46 18.37 28.57

Play field areas 15 27.38 3.39 20.12 34.65

  Boys 31.29 3.47 23.85 38.73

  Girls 15.64 3.94 7.18 24.10

Unprogrammed areas 17 4.42 4.82 11.09 31.51

  Boys 4.70 4.68 12.10 31.54

  Girls 2.96 5.68 4.76 28.84

Note. n refers to the number of zones observed.

Table 4  Paired Sample t Test of Utilization LQ by Gender and Zone Type

95% Confidence Interval

Zone type n Mean SE Lower Upper P

Zones with equipment 51 –0.50 0.16 –0.83 –0.17 .004*

Basketball areas 9 0.95 0.20 1.42 0.48 .002*

Play equipment areas 23 –0.95 0.20 –1.36 –0.53 <.001*

Tetherball areas 8 –0.87 0.50 –2.06 0.32 .128

Swing areas 11 –0.48 0.52 –1.04 0.08 .083

Zones without equipment 55 –0.14 0.12 –0.37 0.09 .242

Hard-surface play areas 23 0.01 0.12 –0.26 0.23 .904

Play field areas 15 0.17 0.05 0.17 0.27 .003*

Unprogrammed areas 17 –0.57 0.31 –1.24 0.09 .088

* P < .01.
Note. n refers to the number of zones observed.
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Colabianchi et al found that girls are slightly more likely 
to use playgrounds with a wide variety of play features, 
but with respect to other features observed, girls’ behav-
ior patterns were similar to boys.34 Anthamatten et al 
(2011) observed that girls were more likely to use school 
playgrounds before school and less likely to use them on 
weekends.17

Differences in utilization and activity in the current 
study support the notion that boys engage in competitive 
sports on the school grounds. Overall, girls were more 
likely to use zones without equipment, whereas boys were 
significantly more likely to engage in MVPA in those 
zones. Boys were more likely to use basketball areas and 
playfield areas, spaces designed specifically for competi-
tive sports, and were significantly more active than girls 
on hard-surface play areas (which often contain markings 
for activities such as four square) and play field areas. 
Girls were significantly more likely to use play equipment 
areas, whereas boys exhibited higher rates of MVPA on 
the equipment. This work may shed some insight on the 
way that gender operates and provide some guidelines for 
designers who wish to construct schoolyard environments 
that address the needs of both boys and girls. Notably, 
constructed equipment, and particularly swings, may be 
important features to include for girls.

Study Limitations

By shifting the scale of analysis from schoolyards to 
zones within schoolyards, this work is able to examine 
novel facets to children’s behavior and PA patterns. 
This work is limited, however, by the fact that data are 
aggregated into observation zones. Any analysis that 
relies on boundaries is subjected to the modifiable areal 
unit problem, which is “the geographic manifestation 
of the ecological fallacy in which conclusions based 
on data aggregated to a particular set of districts may 
change if one aggregates the same underlying data to a 
different set of districts” (page 104).41 While this is not 

as significant a problem when analysis zones are not 
designated arbitrarily—in this case, zones were defined 
around functional spaces of the schoolyard, different 
zone designation schemes could yield different results. 
Similarly, different means of classifying zones, such as a 
scheme that examines zones with playground markings, 
zones that contain equipment, and those that contain no 
equipment, could also have an effect on the results. The 
best approach to address these issues is to conduct dif-
ferent analyses using a variety of zoning schemes. If the 
findings are robust, they should manifest similarly across 
these analyses.42

This work relied on direct observation, which is 
subject to some degree of human error. While it would 
certainly present a daunting cost and human subjects 
research challenge, examining children’s specific patterns 
in recreational spaces using accelerometers to measure 
activity in combination with GPS devices to track loca-
tion could overcome these problems and offer additional, 
valuable insight to the relationship between design 
and activity patterns. Tracking the precise locations of 
children in play spaces would also overcome problems 
associated with aggregating data into zones.

The schools in this study consisted of low-income, 
highly urban schools in Denver, and it supports findings 
from some other research set in other places and con-
texts. However, it is difficult to generalize these findings 
beyond this particular context because of the culturally 
and socially specific nature of health and activity behav-
iors. It is possible, for example, that different playground 
features could assume a completely different role in 
children’s behavior in mid-income, rural areas, where 
the constraints of physical space and availability of other 
recreational opportunities are different. This work does 
not address how school curriculum frames PA through, 
for example, recess policies and extracurricular program-
ming, which may have an impact on activity patterns. It is 
likely that children practice different PA patterns during 
and outside of school or that adult supervision affects 

Table 5  Paired Sample t Test of Percent MVPA by Gender and Zone Type

95% Confidence Interval

Zone type n Mean SE Lower Upper P

Total 106 6.73 1.63 3.50 9.97 >.001*

Zones with equipment 51 4.28 2.25 –0.24 8.79 .063

Basketball areas 9 14.17 7.50 –3.12 31.47 .095

Play equipment areas 23 6.47 1.97 2.38 10.56 .003*

Tetherball areas 8 5.29 5.78 –8.38 18.95 .391

Swing areas 11 –9.15 4.26 –18.6 0.3 .057

Zones without equipment 55 9.01 2.33 4.33 13.69 >.001*

Hard-surface play areas 23 7.48 2.18 2.96 12.00 .002*

Play field areas 15 15.65 4.07 6.94 24.47 .002*

Unprogrammed areas 17 5.22 5.86 –7.20 17.65 .386

* P < .01.

Note. n refers to the number of zones observed.
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activity in some way. Finally, the open-use policies of 
Denver school grounds may be a unique policy of the 
city, which is often not the case in cities. Additional work 
using existing direct observation systems, in a variety 
of geographic and social contexts, is needed to address 
these problems.

Future Work

Our measure of utilization is a relative one; by standard-
izing for both area and the playground population, the 
LQ indicates zones where the distribution of children’s 
activity is biased in some way. Activity in zones may 
be affected by other zones around them, or indeed by 
the context in which the playground finds itself. The 
relation between specific schoolyard design features 
and PA may be grounded in local geographies, mediated 
by factors such as parental perceptions of crime,43,44 the 
socioeconomic status of the children and surrounding 
neighborhoods,14 and specific cultural contexts. What 
may ultimately prove to be particularly useful for plan-
ners, designers, and public health workers is a set of 
general principles for constructing active spaces for 
children.

One factor that may drive children’s activity may be 
the density of structured design equipment. Children may 
behave differently on a playground with sparsely located 
equipment from one with densely located equipment. 
Future work could address this issue by counting various 
classes of playground features, such as play equipment 
or playground markings, and testing whether there is any 
association between density and activity.

While this work provides insight into some of the 
dynamics of playground behavior and how these differ 
between genders, it does little to explain the reasons 
behind these gender differences. Previous work, for 
example, has found that school recess is associated with 
higher rates of physical activities among girls.37 This 
study did not consider the ways in which the time of day 
relates to gender differences, nor did it compare in-school 
activity with activity outside of school. Additional work 
could determine whether boys and girls alter their behav-
ior on playgrounds according to the time and context of 
their use of the spaces.

It is our hope that this work will serve to begin to 
improve our understanding of playground design in a 
way that will inform landscape architects and school 
planners interested in producing healthy schoolyard 
design. For instance, it would seem that including fixed 
playground equipment is important for encouraging 
better utilization and higher rates of MVPA among boys, 
and that playground equipment, particularly swing sets, 
is important for girls. Work that brings greater statistical 
power and more nuanced analysis—by, for example, 
modeling within-playground behavior with other factors 
such as child’s age, weather conditions and tempera-
ture, and age of playground equipment—could serve 
to bring important and actionable insight to schoolyard  
design.
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