Open access

BM)J Open

To cite: Grunseit AC, 0'Hara BJ,
Drayton B, et al. Ecological
study of playground space and
physical activity among primary
school children. BMJ Open
2020;10:6034586. doi:10.1136/
bmjopen-2019-034586

» Prepublication history and
additional material for this
paper are available online. To
view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2019-
034586).

Received 28 September 2019
Revised 30 April 2020
Accepted 29 May 2020

| '.) Check for updates

© Author(s) (or their
employer(s)) 2020. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

'Prevention Research
Collaboration, Sydney School

of Public Health, University of
Sydney, Camperdown, New
South Wales, Australia

*The Australian Prevention
Partnership Centre, Sydney, New
South Wales, Australia

%Centre for Research and Action
in Public Health, Faculty of
Health, University of Canberra,
Canberra, Australian Capital
Territory, Australia

“Northern Sydney Local Health
District Health Promotion,
Brookvale, New South Wales,
Australia

Correspondence to
Dr Anne C Grunseit;
anne.grunseit@sydney.edu.au

Original research

Ecological study of playground space
and physical activity among primary

school children

Anne C Grunseit
Vincent Learnihan,3 Louise L Hardy

ABSTRACT

Objectives To examine the relationship between school
playground size and total physical activity (PA), fitness and
fundamental movement skills (FMS) of primary school
students.

Design Cross-sectional ecological analysis.

Setting 43 primary schools in New South Wales, Australia.
Participants Data were from 5238 students, aged 5 to
12 years, participating in the Schools Physical Activity and
Nutrition Survey.

Outcome measures Self (for age >11 years) and

parent (for age <11 years) report of PA (meeting

PA recommendations and number of days meeting
recommendations), objectively measured FMS and
cardiorespiratory and muscular fitness.

Results Associations between playground space and
measures of PA and fitness were mostly non-linear and
moderated by loose equipment. Students in schools

with no loose equipment showed a weak association
between space and meeting PA recommendations (self-
report). In schools with equipment, students’ predicted
probability of meeting PA recommendations increased
sharply between 15m? and 25 m? per student from 0.04
(95% Cl: 0.01 to 0.08) to 0.30 (95% CI: 0.14 to 0.46),

but at 30 m? returned to levels comparable to students

in schools with no equipment (0.18, 95% Cl: 0.07 to

0.28). For cardiorespiratory fitness, in schools with no
loose equipment, probabilities for being in the healthy
cardiovascular fitness zone varied between 0.66 and 0.77,
showing no consistent trend. Students in schools with
loose equipment had a predicted probability of being in
the healthy fitness zone of 0.56 (95% CI: 0.41 to 0.71)

at 15m? per student, which rose to 0.75 (95% Cl: 0.63

10 0.86) at 20 m? per student. There was no relationship
between space and FMS.

Conclusions School space guidelines need to incorporate
sufficient playground space for students. Our study
provides evidence supporting better PA outcomes with
increasing space up to 25 m? per student, and access to
loose equipment, however further research is required

to determine precise thresholds for minimum space.
Intersectoral planning and cooperation is required to meet
the needs of growing school populations.

INTRODUCTION

Physical activity (PA) is important for the
health and well-being of children and
young people, yet only a minority meet daily
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Strengths and limitations of this study

» A strength of this study is inclusion of measures of
physical activity (PA) as well fitness and fundamen-
tal movement skills.

» The survey sample was large, randomly sampled
and representative of the New South Wales (NSW)
primary school children population which allows the
findings to be generalised across NSW schools and
students.

» A further strength of the study was that a substan-
tial range of school playground sizes were included
and that the analysis took into account moderating
effects of loose play equipment.

» A limitation of the study is that whilst the PA instru-
ment is valid, it is limited by self-report and can-
not distinguish where the PA took place at school
or outside of school hours. The data were also
cross-sectional.

» Assumptions about the availability of playground
space from the Geographical Information Systems
data were made and were not able to be further
validated; therefore space may be underestimated
as not all non-building, non-car park areas were
included.

recommended levels." Strategies to improve
children’s PA are needed and previous
research suggests that the school environment
has a major impact on children’s PA levels.
Research on the effect of school playground
size also suggests a positive relationship with
children’s PA. One Spanish accelerometry
study of primary school children showed
children in larger play areas (ie, >15 m® per
child) were more active than those in smaller
play areas (ie, <8 m* per child)? as did another
study from Greece on 12-year-old children’s
self-report PA levels.” Research conducted
in the UK among primary school aged
children also found that as play-space-per-
child increases (decreased density), so does
vigorous activity, and sedentary behaviour
decreases.” Other Australian research noted
similar associations, but found that the effect
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of density varied across gender and physical competence,
favouring boys (over girls) and boys with higher motor
skills over boys with lower skills.” Intervention research
confirms these correlational studies, finding that strate-
gies which reduce playground density in primary schools
are effective at increasing PA levels,” particularly among
less active children.” Moreover, these quantitative findings
are consistent with children’s own qualitative perceptions
that lack of access to, and unsuitability of, playground
space is a barrier to their engagement in PA.

While the evidence described above shows the incre-
mental relationship between playground space and the
amount and type of PA occurring in school, the relation-
ship with total PA (including meeting recommendations)
is less certain. Some authors suggest that PA undertaken
at school may replace PA undertaken elsewhere, or vice
versa (the ‘activitystat * hypothesis);'’'! other studies have
found no compensatory relationship.'”” " One UK study
examined PA across different segments of the school day
in 10 to 1l-year-olds and found an incremental effect
of playground area on vigorous but not moderate PA
in school time and no relationship with either in out-
ofsschool time."* The question therefore remains as to
whether children are more active overall and have supe-
rior indicators of physical competence and fitness the
larger and/or the lower the density of the play space at
their school. Further, there is consistent evidence that
playground features such as fixed and loose play equip-
ment can influence children’s PA® but whether they
modify the effect of available playground space on PA is
yet to be examined.

In Australia, the school population in the state of New
South Wales (NSW) is expected to grow by 14.4% between
2016 and 2026' fuelling concerns that playground spaces
may be lost to new classrooms.'® '” One Victorian study
showed 55.2% of primary schools surveyed had lost play-
ground area to new classrooms in recent years."” Yet
no guidelines exist for schools on the appropriate or
necessary amount of outdoor space required to facilitate
students’ PA. ‘Free play space’ (ie, playground space) is
defined as the space remaining on a school site after the
footprint of permanent and demountable buildings, car
parks, footpaths and buffer areas have been deducted
from the total space.'® In NSW the current space guide-
lines state that 10m? per student is preferred for schools
with enrolments of 1000 students;'? US playground
guidelines require a minimum of 75 square feet® (7m?)
per student.*’ However, the playground space require-
ments in these and other guidelines®' ** are grounded
in concerns for safety rather than encouraging health-
enhancing PA.

The aim of this study was to examine the relationship
between school playground areas and students’ total PA.
Specifically, (1) the relationship between playground
space per student and their PA, cardiorespiratory fitness
and fundamental movementskills, (2) whether these asso-
ciations are modified by playground equipment and (3)
whether any ‘thresholds’ emerge to indicate a2 minimum

amount of playground area required for students to meet
health-enhancing PA.

METHODS

Design

Our study was an ecological analysis of the relationship
between primary school playground space and students’
PA. We used data from a population health survey of school
children conducted between February and March 2015%
and playground space data derived from Geographical
Information Systems (GIS) to estimate the playground
space in schools which participated in the survey.

Sampling and data collection

The sampling frame comprised all NSW schools except
special education schools (eg, special needs, elite sport)
and small schools (<180 enrolments). Schools were
randomly sampled from each education sector (Govern-
ment, Independent, Catholic) proportional to enrolment,
then classes randomly selected and students in those
classes invited to participate using a random number
generator. This study includes only primary school chil-
dren (ages 5 to 12 years; n=5238) from 43 schools. Data
were collected in each school by trained field teams.

Child information

Parents of children in kindergarten, grades 2 and 4
(age <11 years) completed a questionnaire at the time
of consent and children in grade 6 (age =11 years)
completed the same questionnaire at school. Sociode-
mographic information included the child’s sex, date
of birth, language spoken most often at home and resi-
dential postcode. Children were categorised as living in
urban or rural areas from their postcode using the Austra-
lian Statistical Geography Standard.** Language at home
was categorised into English, Middle Eastern, Asian and
European speaking backgrounds.” Children’s anthro-
pometry included height (cm), weight (kg) and waist
circumference (cm) measured using standard instru-
ments and procedures to the nearest 0.1cm, 0.1kg and
0.1cm, respectively. Bodymass index z-scores (BMIz)*
and waist-to-height ratios”” were calculated according to
established procedures. Total sedentary time on a week
day outside of school was assessed using the Adolescent
Sedentary Activity Questionnaire®™ and active travel
to school (minutes per day) was averaged over the five
school days.”

School-level data

Principals from participating schools completed a ques-
tionnaire on the schools’ physical environment, policies
and practices to promote PA including questions on space
and equipment in and around the school (eg, fields, play-
ground markings, bike paths around school) and their
availability at recess and lunch. The Index of Commu-
nity Socio-Educational Advantage (ICSEA) was used as
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a measure of the school’s student population socioeco-
nomic status relative to other schools.*

No patient and public involvement

This study was done without participant involvement.
Participants were not: invited to comment on the study
design; consulted in relation to outcome measures;
involved in interpreting the results; and were not invited
to contribute to the writing or editing of this paper.

Measures

Outcome measures

Total PA was based on a validated single-item measure of
moderate-to-vigorous physical activity (MVPA).* Respon-
dents were asked, ‘Over the past 7 days, on how many
days were you/your child engaged in MVPA for at least
60min (this can be accumulated over the entire day, for
example, in bouts of 10 min) each day?’ Responses ranged
from ‘No days’ to ‘7 days’ and was operationalised as: (1)
a count of number of days and (2) whether the child met
the PA guidelines (7=meets guideline and <7 = did not
meet guideline).

Seven fundamental movement skills (FMS) were
assessed; four locomotor skills (sprint run, vertical jump,
side gallop and leap) and three object control skills
(catch, overarm throw and kick) using process-oriented
checklists for each skill.”! The number of components
(n=6 per skill) correctly demonstrated by each student was
recorded. Cardiorespiratory fitness (CRF) was assessed by
the 20 metre shuttle run test, a valid and reliable test of
CRF in children.”” * Students were categorised as ‘needs
improvement’ or in the ‘healthy fitness zone’ (HFZ)
according to the age-and-sex adjusted criterion-reference
standard from FitnessGram.”* Muscular strength was
assessed by the standing broad jump, a reliable field test
of muscular strength in youth.”” Students were catego-
rised as ‘needs improvement’ or in the HFZ according to
the age-sex adjusted 40™ centile of the distance jumped
normz;tjve values for Australian children’s standing broad
jump.”

Table 1 Physical activity data collected by grade level
Grade level

Outcome Kindergarten 2 4 6

Fundamental movement X X X

skills

Days per week meeting PA recommendation (60 mins
moderate to vigorous activity)

Parent report X X X
Self-report X
20 metre shuttle run test X X
(CRF)
Standing broad jump X X X

(muscular strength)

CREF, cardiorespiratory fitness; PA, physical activity.

Table 1 shows the outcome measures available for
grade level as not all age groups were measured on all
outcomes.

Exposure measure

All participating primary school locations were geocoded
to the street address level. Playground space was defined
as any area of the school site that could feasibly be used
for outdoor recreation by students during recess/lunch
breaks as defined by the NSW State Government (as
stated above).'® Aerial photography (including Google
Street View), building footprints37 and land parcel data
defining school boundaries™ allowed play space poly-
gons to be digitised using GIS software.”” Playground
space area was measured in square metres and excluded
areas of buildings, car parks, driveways and other built
structures from the total school site area. Where identifi-
able, playground space which was covered (eg, by a shade
structure) was also included. Most commonly, playground
space included marked and unmarked courts, grassed
areas and sporting fields.

Covariates

Categorical covariates (reference category) selected a
priori for inclusion in the analysis were: sex (boys), resi-
dence (urban), language spoken most at home (English),
waist-to-height ratio (<0.5); continuous variables were age
(years), BMIz, active travel on school days (minutes) and
average daily sedentary time (minutes). At the school
level, we included availability and use of loose play equip-
ment (reference category: no loose equipment) and fixed
play equipment as these have been associated with PA*?
and ICSEA (continuous). Population density (measured
in thousands per square kilometre for the Statistical Area
Level 2 the school was located within*' was included as
it has consistently shown a positive relationship with PA
(particularly walking).*

Data analysis

Continuous variables (age, active school travel, sedentary
time, population density, BMIz and ICSEA) were centred
at their mean values. Active school travel and sedentary
time were also truncated at maximum plausible values
(<120 and 620 min, respectively), and scaled by their SD.
Each covariate was graphed against playground space
(not shown), to determine whether there were sufficient
data to make reliable comparisons between the levels of
the covariate. Presence of fixed equipment and utilisation
of equipment during recess and lunch (ie, if equipment
was available, it was used) varied little and therefore were
excluded. Two schools were outliers in terms of space,
and space per student (>100m” per student) and exerted
undue influence in preliminary analyses and were there-
fore excluded from subsequent modelling.

Model fitting

We fitted four models per outcome comprising the
possible combinations of (1) type of association of the
outcome with free play space (linear/non-linear) and (2)
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inclusion of an interaction of free play space and loose
play equipment. Non-linear associations were modelled
using restricted cubic splines with five knots. Knot place-
ment was determined by percentiles (across the entire
available sample).* The final model for each outcome was
non-linear if the estimated coefficients corresponding to
non-linear parts of restricted cubic spline, jointly tested,
were significantly different from zero. Interaction terms
were included in the final model if, jointly tested, they
were significantly different from zero. The threshold
for statistical significance was set at p=0.05. The FMS
outcomes were modelled using linear regression, meeting
PA recommendations using generalised linear models
using binomial distribution and a log link, days meeting
PA recommendations using poisson regression, cardiore-
spiratory and muscular fitness using logistic regression.
Meeting PA recommendations derived from parental
(grades kindergarten,2 and 4) and (grade 6) self-report
were analysed separately because of the different data
sources.

Reporting

Due to the difficulty in interpreting spline models in a
meaningful way,™ the results for the (adjusted) relation-
ship between the playground space and each outcome
are presented as graphs and marginal means across the
range of playground space in our data. Marginal means
for models including a loose play equipment by play-
ground space interaction term are estimated separately
for schools with and without loose play equipment. If a
model with no interaction was selected, margins were
predicted at the estimated prevalence of students having
access to loose play equipment. All other covariates are
held constant at the following values: age, active school
travel time, sedentary time, population density and ICSEA
at zero; sex (boys), waist-to-height ratio (<0.5); language
background (English); residence (urban).

All analyses were conducted in Stata/IC V.15.1
(College Station, Texas, USA), with checking and
corroboration in R* using the survey package V.3.35.10
In Stata, the ‘svy’ suit of commands were used to account
for complex sampling, post stratification and analysis
of subpopulations (using the ‘subpop’ command to
ensure correct weighting).

RESULTS

The demographic characteristics of the weighted sample
of primary school children (n=5238) across the covariates
and the grade levels are shown in table 2. The sample
was fairly evenly split between boys and girls and 86%
were from English-speaking backgrounds. Just over three-
quarters of the sample fell within the healthy weight
range and only a minority had waist-to-height ratios which
exceeded 0.5. On average, students spent only 5min in
active travel to school and over 4hours in sedentary time
outside of school hours. Approximately one-third of the
schools had loose equipment available for student use and

their ICSEA scores were close to the national average of
1000. The average amount of playground space per child
was 38 m? (range 1.37 m? to 289.1 m? median=38.2m?).

The results for the regression analyses of PA against
playground space adjusted for the covariates are shown
in figure 1. Across the eight outcomes, there were mostly
non-linear associations between playground space and
measures of students’ PA, and large sections of the space-
perstudent range had weak or no association. However,
for several outcomes, we observed a sharp increase in
predicted mean of the outcome (ie, greater PA) from
15m? to 20/25 m? per student and then a decline or
levelling out. Several outcomes exhibited different asso-
ciations with free play space per student depending on
whether loose play equipment was present or not; schools
with equipment tended to have more strongly non-linear
associations between space and the outcomes. Further
detail over each of the outcomes is given below.

Fundamental movement skills

The final models for locomotor and object control FMS
were linear models with no loose play equipment by space
interaction. For both, our data showed no association
between FMS and playground space (panels A and B).

Meeting physical activity recommendations

For parental report of PA, the association between
meeting the PA recommendations and playground space
was non-linear and modified by the availability of loose
play equipment. In schools without loose equipment,
there was a small but significant increased probability
of meeting PA recommendations as playground space
increased (panel C). In schools with loose equipment, the
trend was generally flatter, with the exception of a limited
increase in the probability meeting PA guidelines at about
25m” per student. In terms of number of days achieving
60min MVPA (panel D), we found no evidence of effect
modification by loose play equipment. The association
with playground space was non-linear with little change
up to approximately 40 m* per student and then the prob-
ability of meeting recommendations steadily increased up
to the maximum value of 83 m” per student.

For self-report PA, generally the probability of meeting
PA recommendations and number of days achieving
60min MVPA was lower than for parentreport data
(panels E and F). Among schools with no loose equip-
ment, the association with meeting recommendations
was weak, declining slightly as space increased. In schools
with equipment, the predicted probability of meeting
PA recommendations increased sharply between 15m”
and 25m? per student to 0.30 (95% CI: 0.14 to 0.46),
dropped back to 0.18 (95% CI: 0.07 to 0.28) at 30 m” and
then increased steadily (online supplementary table S1).
However, the wide CIs reflect greater uncertainty in the
estimations due to the smaller number of schools in this
subgroup. For the predicted number of days achieving
60 min MVPA by students attending schools without loose
equipment, the association with space declines slightly
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Figure 1 Predicted marginal means estimated from our final models. Marginal means are predicted across the range of space
per student observed in our data. Covariates are held at constant levels: All continuous variables (age, total sedentary time,
active travel time, BMIz and ICSEA) were centred and held at 0 (their mean) for prediction. Predictions were for boys with waist-
to-height ratio <0.5, English-speaking language background and urban locality. BMIz, body mass index z-score; ICSEA, Index
of Community Socio-Educational Advantage; rec., recommendations.
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over playground space, but in equipped schools, a sharp
increase from 3.6 (95% CI: 3.0 to 4.2) to 4 days (95% CI:
3.5 to 4.6) between 15m® and 25m” per student, respec-
tively, flattening out across larger play spaces.

Cardiorespiratory fitness

There was a non-linear relationship between CRF and
playground space, modified by loose play equipment. In
schools with no equipment, probabilities varied between
0.66 and 0.77, peaking in the 40 to 65m” range but
showing no consistent trend (panel G). In schools with
equipment, there is a sharp increase in the predicted
probability of a student being in the HFZ in schools in
the lower third of space-per-child: the predicted proba-
bility of being in the healthy cardiovascular fitness zone is
0.56 (95% CI: 0.42 to 0.71) at 15m® per student and rises
t0 0.75 (95% CI: 0.63 to 0.86) at 20 m? per student. From
this point to the maximum space in our sample, there was
a weak to no association.

Muscular strength

For muscular strength, the association with playground
space was non-linear and modified by loose play equip-
ment (panel H). There is a modest but increasing trend
towards higher muscular strength with increasing space
among schools with no loose play equipment. For schools
with equipment, the predicted mean probability of
being in the healthy muscular fitness zone drops sharply
between 15 to 20m” per child from 0.42 (95% CI: 0.29
to 0.56) to 0.34 (95% CI: 0.25 to 0.43), before increasing
back to 0.48 (95% CI: 0.40 to 0.56) at 30 m?* and variable
trajectory thereafter, perhaps in part due to the under-
lying small sample (online supplementary table S1).

Other covariates

Where covariates had significant effects, they were mostly
in the expected direction. Briefly, BMIz and waist-to-height
ratio were inversely related to PA outcomes (although not
for all or for the same outcomes) as was sedentary time.
Girls, Asian and/or Middle Eastern students had lower
PA than boys and English-speaking background students,
respectively. School socioeconomic status and active travel
time were positively associated with some PA outcomes.
Unexpectedly, population density was negatively associ-
ated with parent (meeting recommendations and days
meeting recommendations) and child (days meeting
recommendations) report PA.

DISCUSSION

To our knowledge, this is one of the few ecological studies
to examine the relationship between school playground
space and primary school children’s PA, and the first using
a large sample and objective measures of FMS and physical
fitness. While previous research has demonstrated that chil-
dren are more active in playground spaces which are lalrger,2
only one study has examined the impact on total activity
taking into account individual demographic characteristics

and school level factors.'* That study, conducted in the UK,
used accelerometry and stratified analyses by school and
non-school segments of the day and concluded that despite
the significant relationship between playground size and
PA, the effect sizes were too small to have practical applica-
tion. Yet, the range of playground space was narrow (2.8 to
7.6m2/ student) and the analysis did not take into account
loose play equipment. The current study covered a wide
range of school playground sizes (1.4 to 83.8m®/student
included in analyses) and modelled non-linear effects
and moderation by loose equipment, allowing expansion
of the implications over a wider range of school contexts.
While complex, our results suggest that setting standards
for school playground space and local area planning of
schools needs to take into account the impact of space on
children’s PA, as well as safety. Our findings are discussed in
greater detail below in the context of previous research and
implications for practice.

The combined effect of loose equipment and playground
space in this study was not linear and showed having loose
equipment had a positive and rapidly incremental effect on
outcomes as the space increased up to 25m® per student.
For example, below 20m?® the probability of a student (<11
years) meeting PA recommendations in a school with loose
equipment (vs no loose equipment) is 0.17 (vs 0.25), 0.04
(vs 0.19) for a student aged 11 and 12 years and 0.56 (vs
0.69) for a student of any age to be in the healthy range
for cardiorespiratory fitness (online supplementary table
S1). At 25m” the corresponding values are notably higher
at 0.26, 0.30 and 0.75 with the probabilities unchanged for
students in schools with no loose equipment. We observed
variation between the parental report data and child self-
report data. Specifically, having loose equipment in the
former conferred a benefit only in the 20 to 30m?® per child
range and bringing the children’s PA to levels equivalent to
children in schools with no loose equipment. By contrast,
with the older children, sufficient PA not only showed
increases in the 20 to 25m® per child schools in the pres-
ence of loose play equipment, but maintained an advantage
in the 45 to 65m” per child schools. The confounding of
reporting mechanism (self-report versus parent) and age
group in these data hinders a clear interpretation of these
findings; based on the estimates alone it may be that having
loose equipment may be more important for older chil-
dren, whereas for younger children the amount of space
per child may be the priority.

The finding that loose equipment influences PA is consis-
tent with findings in previous research®®* and points to at
least one way in which smaller schools might enhance the
effect of what space they have available. Loose equipment
has been found to increase PA through providing opportu-
nities for children to manipulate their play environment.
However, one intervention study by Engelen et al'” which
found increased objectively measured PA for children in
schools where a loose equipment intervention was imple-
mented in comparison to the control schools, did not find
change was associated with available playground space per
child.* Notably, in that study, the amount of playground
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space varied from 0.9m® to 11m? per child, well short of
the area identified in the current study as showing a posi-
tive effect for PA. Therefore, the influence of the amount
of playground space in combination with loose equipment
may only be evident above certain space thresholds.

Despite the positive relationship with self-reported and
parentreported total PA, we did not find an association
between the amount of playground space available and
two measures of FMS. Given the strong predictive associ-
ation between levels of PA and FMS competence®’ and
the positive association between playground space and
our other two objective measures of fitness, the reason for
these outcomes is unclear. A previous study showed that the
impacts of sedentary behaviour on FMS were not apparent
until children reached high school age (ie, 12/13 years
of age);*™ therefore it may also be that the impact of play-
ground space on children’s FMS are delayed because the
effect is cumulative. Further research examining the rela-
tionship using longitudinal data is warranted to track the
proximal and distal outcomes of playground size.

More broadly, our findings may suggest that there are
important inflexion points for minimum playground space
as it relates to PA which could be incorporated into guide-
lines and trigger the invocation of alternatives should a
school not meet a space threshold. Many schools are in
areas which would not allow for expansion, and therefore
policies must include alternative strategies to mitigate the
effect of small playground space. For example, schools
could implement staggered lunch times or gain access to
nearby space. When redeveloping, adding new buildings or
placing demountable classrooms, ensuring minimal impact
on playground space could be addressed through vertical
school design which is already gaining traction in inner city
areas.” While many schools already use these strategies,
guidelines and specifications for school design which maxi-
mise students’ opportunities for PA as well as for safety need
to be developed and grounded in evidence.

While our covariates mostly showed results in the
expected direction, our finding of an inverse relation-
ship between population density and three of four PA
measures runs counter to previous studies showing a
positive effect. For students <11 years, we observed an
average 16% reduction in the probability of meeting
PA recommendations per increase of 1000 persons per
square kilometre. Previous research shows population
density is positively related with active travel to and from
school through closer commuting distances and presence
of walking infrastructure.”” Our study adjusted for both
active travel to school and the amount of playground
space (as inner urban areas are more likely to have smaller
spaces but higher population density) and a negative rela-
tionship with total PA emerged. While the mechanism for
this result is unclear, with greater density, children’s PA
opportunities outside of travelling to school are limited
because of higher traffic volumes and speeds” ** and less
green space per capita® >* underscoring the importance
of contextualising PA opportunities at school in those of
the local environment.

A strength of this study is inclusion of measures of PA as
well their sequelae, namely fitness and FMS. The analysis
was retrospective and therefore the measurement could
not influence measures. The analyses were adjusted for a
large number of factors known to influence PA outcomes
and covered a wide range of playground space/child. The
survey sample was large, randomly sampled and representa-
tive of the NSW primary school children population which
allows the findings to be generalised across NSW schools
and students. Limitations include, the cross-sectional study
design which limits the capacity to draw definitive conclu-
sions about causality in the associations observed. Further,
while the question for PA is valid, it is limited by self-report
and cannot distinguish whether the PA took place at school
or outside of school hours. However, as stated in the intro-
duction, our study focussed on total PA and the primary
objective of health promotion advocates is that children
are sufficiently active irrespective of where PA is accumu-
lated. Further, all else being equal (and assuming we have
corrected for relevant confounding) there is no compelling
evidence that PA inside and outside of school are interde-
pendent. Assumptions about the availability of playground
space from the GIS data were made and were not able to be
further validated; therefore space may be underestimated as
not all non-building and non-car park areas were included.
Further, the data were sparse in certain ranges of play-
ground space, especially when stratified by the presence/
absence of loose equipment. Working with official school
plans in future studies may be one approach to improving
play space classification. The steep incline observed in
several models is derived from data from many students,
but just a few schools. Further work should extend measure-
ment beyond our endpoints, and with more schools to
build on the trends observed here.

CONCLUSION

Given that low activity in school is compensated by less than
half of children beyond the school setting'* and oppor-
tunities within the school day, such as physical education
and recess, can make important contributions to chil-
dren’s overall PA,” it is important that conditions which
promote health enhancing PA at school are maximised.
School space guidelines should be grounded in evidence
regarding the impact of playground space and design on
the PA of students while at school and in total. To this end,
future research could clarify the thresholds implied by
the current analysis using longitudinal methods, natural
experiments and intervention studies. Schools with limited
capacity to redesign or retrofit greater space should be
assisted in identifying feasible alternative spaces and/or
arrangements such as sharing facilities and flexible time-
tabling. Further, a comprehensive approach is required,
intersecting health promoting schools with urban design
and planning. Governments at all levels need to balance
the goals of providing living environments that promote PA
through increased density with town planning and school
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design that ensures schools have sufficient playground
space for current and future student populations.™
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