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The Effectiveness of a Community Playground
Intervention

ABSTRACT This study assessed whether an upgrade of playgrounds in a community was
associated with changes in the physical activity of local children. The study used a natural
experiment design with a local authority project to upgrade two community playgrounds as
the intervention and a matched control community. Children’s physical activity was
measured by an Actigraph GT1M accelerometer worn for 8 days, enabling up to 6 days of
data to be analyzed. A self-administered parent/guardian questionnaire was used to collect
additional data, including perceptions of the neighborhood, school-travel modes, days
involved in extracurricular activities, ethnicity, caregiver age, caregiver sex, household vehicle
access, and household income. At baseline, 184 children (5–10 years old) participated. Of
these, 156 completed the 1-year follow-up assessment (20% lost to follow-up). There was
statistically significant evidence that change in mean total daily physical activity was
associated with on an interaction between participant’s body mass index (BMI) z-score and
her or his community of residence (p=0.006), with the intervention being associated with
higher levels of activity for children with lower BMIs but lower levels for children with
higher BMIs. Physical activity is not the only focus of local authority playground provision
as playgrounds also have benefits for social development and fundamental movement skills.
However, making sure that physical activity is always included in the design rationale and
that playgrounds are designed to encourage and sustain physical activity could be a useful
population health intervention. The effects of such interventions on different subgroups are
of importance, especially if the effects differ over levels of BMI.
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INTRODUCTION

Playgrounds have been found to be associated with children’s physical activity in the
scientific literature, and recommendations have been made based on the assumption
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that improved facilities and better access to these facilities would increase physical
activity.1–6 The evidence that playgrounds can increase children’s physical activity is,
however, unclear. A systematic review of the literature identified nine papers, of
which eight reported statistically significant increases in physical activity after school
playgrounds were upgraded.7–15 Cardon et al.16 concluded that just upgrading
playgrounds without providing additional supervision or leadership was insufficient
to engage young children in physical activity.

Most of these studies measured playground physical activity with objective
instruments, either heart-rate monitors, accelerometers, or pedometers. In these
studies, the amount of playground physical activity could be accurately and
practically measured using these instruments because they focused on the school
setting only. The Farley study9 considered wider neighborhood physical activity by
using the System for Observing Play and Leisure Activity in Youth instrument to
measure physical activity in the streets around the intervention playground and in
the control neighborhood. None of the upgraded playgrounds in any of these studies
were in public parks.

These reports provide little information about how much playground activity
contributes to the overall physical activity levels of children. All of these studies
focused on schools environments, which may facilitate data capture, but circum-
vents considering activity taking place in the home, family, and community
environments and the possibility of activity compensation.

This manuscript reports on a study, which was undertaken to evaluate changes in
physical activity for children when playgrounds located in public parks within their
community were upgraded. Baseline data collection and some results that included
GPS-located physical activity have been reported,17 but only accelerometer-measured
physical activity is presented in this manuscript. The study hypothesis is that
upgrading playgrounds in a community would be associated with an increase in the
accelerometer-measured, total daily physical activity (TDPA) of children attending
schools located in that community compared with a matched control community.

METHODS

The study design was a natural experiment involving elementary school children (5–
10 years at baseline). The “naturally occurring” event, the local authority plan to
upgrade playgrounds in a specific community, was the intervention, and children living
in that community formed the sample population. The Dunedin City Council (DCC)
playground upgrade program identified the intervention community, but because
participants could not be randomly allocated to live in either the intervention or the
control community, criteria were used to choose a broadly similar community from
which to recruit control participants.18 New Zealand (NZ) central and local
government published reports were used to identify potential control communities
and provide identifiable and plausible community factors. The factors were: school
decile, a socioeconomic indicator assigned by the NZ Ministry of Education;19 size of
school roll;19 the number of primary schools in area;19 the local authority’s assigned
and published play value of existing playgrounds;20 transportation routes;21

population characteristics;22 household income;22 household vehicle characteristics;22

potential control community location—physical separation from intervention com-
munity (boundaries defined by DCC Play Strategy).23 The basic assumption for the
natural experiment was that participants from the control community should be as
similar as possible to those in the intervention community, other than the experience of
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changes to the playgrounds in their community. There were six communities considered
for selection of control community. One appeared to be similar to the intervention
community, particularly when comparing the number of state highways in the
community and the proportions of low-income households, and it was geographically
separated from the intervention community.However, previous upgrades of playgrounds
in this community were nearly complete, and it was therefore believed that potential
control subjects might not be settled in their patterns of physical activity. Consequently,
the next most appropriate community was selected. The mean school size was much
larger than that in the intervention community, but this was influenced by one school that
had a considerably larger roll. This difference was circumvented by not recruiting from
the large school.

The intervention, the playground upgrades, was conceived and managed by the
local authority with no influence from the research team. The DCC followed the
community consultation processes outlined in their policy documents.20,23 The results
of this process identified two playgrounds selected for upgrading from the six
playgrounds in the intervention community. At one playground, ten new components,
including play equipment, seating, additional safety surfacing, and waste facilities,
were installed, and two existing components were removed. At the other playground,
two new play equipment pieces were installed, and a small modification was made to
another piece of equipment. No physical changes were made to the playgrounds by
the time baseline physical activity measurement was taken. All playground upgrades
were completed 3 months before the follow-up physical activity measurement phase.
Data were collected in October to December 2007 and during the same months in
2008. This is spring in the southern hemisphere.

Participants
The local authority identified community boundaries for the playground consultation
process, and these were used to define the intervention community. A broadly similar
control community was also chosen. A two-stage sampling process was used to recruit
participants. First, elementary school administrators in the control and intervention
communities were asked to provide access to their pupils. Of the six schools in the
intervention community, four agreed to participate. In the control community, all four
schools who were asked agreed to participate. The second stage of sampling required
eligible children to be recruited from the eight participating schools. Inclusion and
exclusion criteria were developed and applied uniformly to ensure participants were
anticipated to be available for follow-up assessment 1 year later and to maximize the
comparability of participants from the two communities. Age and school year criteria
were set so that participants were most likely to remain at the same school for
assessment the following year. The inclusion criteria were that children must be:

1. Between the ages of 5 and 10 years old (inclusive) at the time of baseline assessment
2. Classified as year 0 to 5 (inclusive) (kindergarten to grade 4)
3. Residing 4 or more nights per week within the defined community

If more than one child per family had consented to participate, one child from
that family was selected at random for enrolment in the study.

Without making any assumptions about the correlation between physical
activity at baseline and at follow-up, 63 participants in each group would provide
80% power to detect a standardized effect size difference of 0.5 standard deviations
in mean physical activity (calculated over 6 days at follow-up) between communities
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using a two-sided test at the 0.05 level. School design effects were assumed to be
negligible or at least low enough to be compensated for by any correlation between
measurements at baseline and follow-up. Allowing for a 33% loss to follow-up rate,
mostly expected to be from participants moving residence out of the study areas,
100 participants in each group at baseline assessment stage would be sufficient. This
required a participation rate of around 30% in each community based on New
Zealand Census data on the number of children in each community22 and 75% of
children attending their local school.24

The study was approved by the University of Otago Human Ethics Committee.
Research consultation with Māori was also undertaken in accordance with
University of Otago policy. Informed consent to participate was obtained at three
levels: the school principals who enabled recruitment from their students provided a
letter of approval, parents/guardians signed a form, consenting to their child’s
participation and the participating children themselves completed and signed a
consent form confirming their willingness to be involved. An information letter and
take-home consent form were supplied and distributed by schools for all children in
year 5 or below. Children returned their parent/guardian consent form completed
and signed if they were willing to participate.

Instruments
The timing of the upgrade process enabled baseline physical activity assessments to
be made before the playgrounds were to be upgraded and follow-up assessments to
be made 1 year later after upgrades were completed. A GT1M (Actigraph, Fort
Walton Beach, FL) was issued to each participant to wear on a waist belt over the
right hip over 8 days. Participants were instructed and monitored by a research
assistant at their school each day to increase compliance. An incentive was provided
(a family swim voucher valued at US$8) to participants for correct and consistent
wear when the accelerometer was collected at the completion of each phase. The
follow-up data collection and data management adhered to the same protocols and
procedures as the baseline data collection, except for the selection of the belt with
the accelerometer. Participants were issued with the same belt used in 2007 if it was
available; otherwise, they were issued a randomly selected belt. This protocol was
acceptable as the Actigraph GT1M has been reported to have sufficient inter-unit
variability.25

Stata was used to discard the first and return day of each participant as it was
considered to be incomplete,26 leaving up to 6 days of data per participant. The full
24 hours of data available from the accelerometer (12A.M. to 11:59P.M.) was used to
define the day, as a review of participants’ monitoring sheets showed that there were
specific records of belts being worn at a variety of times. It was decided, prior to
analysis but after data collection, that five or more hours with non-zero counts were
required for a daily count total to be included in any analysis. Any or all valid days
were included for analysis. More than 5 hours of consecutive zero counts would be
assumed to indicate non-wearing of the units, and the remaining data were classified
as not valid.27 Other studies have required 6 hours of non-zero data for data to
count in the final analysis,26 but a lower limit of 5 hours containing some recorded
activity was considered appropriate for this study after review of the participants’
monitoring sheets. This approach maximized available data and did not rely on
assumptions whether other zero counts within the day were from inactive behavior
or non-wear. All counts were summed for each valid day, with TDPA used as the
primary outcome measure. The daily totals were retained rather than excluding
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activity within school hours because the contribution of school environments to
daily physical activity totals was important.

A self-administered questionnaire was developed to gather additional data
about the individual child, the household, the family structure, and the responding
adult. Additional questions provided a parental perceptions of neighborhood scale,
as these perceptions had previously been found to be associated with children’s
physical activity and health.28–32

The parent/guardian perception of the neighborhood score was calculated from
responses to the first 15 questions of the instrument. If five or fewer of the 15
questions were not answered, imputation of the total score using the respondent’s
mean score for the questions answered was performed. Possible scores ranged from
15 (very negative perceptions) to 90 (very positive perceptions).

This questionnaire underwent pilot testing with results as follows. Of the 15
perceptions of the neighborhood questions, 10 demonstrated good test–retest
reliability (intraclass correlation coefficients [ICC] greater than 0.70) and only two
had ICCs less than 0.50. These two items were retained in the instrument because
the summative score had a test–retest reliability ICC of 0.71. The Cronbach’s alpha
for the first pilot test was 0.66 and 0.74 for the retest showing acceptable internal
consistency.

The questionnaire was mailed to participants’ homes at the beginning of each
physical activity assessment phase. Gifts were provided to participants and their
families if the questionnaires were returned after each phase. At baseline, the gift
was a swimming bag (valued at US$3.50). At follow-up, the gifts were a pair of
swimming goggles and a Frisbee (total value US$8).

Statistical Analyses
The primary outcome measure for the study was mean TDPA. This measure was
selected to capture all and any activity that might occur within the specific locations
and also because there was still considerable debate and a lack of consensus
regarding appropriate cut-points to use for child moderate to vigorous physical
activity.33,34 Additionally, our sample population had a comparatively wide age
range (5 to 10 years at baseline), so there would have been possible changes in cut-
points for some participants at follow-up.

Height and weight were measured by trained research assistants at participants’
schools, and these data converted to BMI age- and sex-standardized z-scores.17 Age,
sex, and BMI have been associated with different levels of physical activity.35–38

NZDep2006 score, an indicator of socioeconomic deprivation,39 was obtained from
each participant’s residential address.

Spatial variables were obtained using ArcGIS 9.3 (ESRI, Redlands, CA) based
on the residential address of the participant and park boundary data, including the
straight-line distances from the residence to the boundary of the nearest park with
any playground. Anthropomorphic data collected directly from participants at their
schools enabled age- and sex-standardized BMI z-scores to be calculated40 and age-
and sex-specific categories of normal, overweight, and obese to be determined.41

The NZDep2006 Index of Deprivation score was obtained from a participant’s geo-
coded home address. This is a score indicating the relative deprivation of the area in
which she or he live. The score combines information from the 2006 NZ Census
about relative income, home ownership, familial support, employment status,
educational qualifications, living space, telephone, and transport access into the
index of deprivation score from a 10-point ordinal scale. Other covariates collected
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by the parent/guardian questionnaire instrument included ethnicity, with the NZ
Ministry of Health’s prioritization protocol used to determine priority ethnicity;42

usual travel mode to school and from school; whether the family owned a dog; the
number of household motor vehicles; household annual income; whether there were
younger siblings; a score indicating the parental perception of the neighborhood; the
number of days of organized extra-curricular activities, such as after-school care,
music lessons, and sports games or practices; and the number of adults in the home.

All participants who moved away from Dunedin residences between assessments
were excluded from the follow-up analyses. The analysis compared the control and
intervention groups’ mean TDPA, using participants’ total daily accelerometer
counts for each valid study day. The unit of analysis was child day, clustered within
the child, clustered within the school. Log-transformations were used where positive
skew and heteroscedasticity was noted in residuals and the transformation improved
these. The effect of the upgrade was assessed using a linear mixed model with the
mean baseline score for that participant included as a covariate. All models
controlled for repeated measures within each child and clustering by schools using
random effects. Univariate screening was carried out using pG0.1 for inclusion in the
final model. A priori specified interactions between community and each of sex, age,
and BMI were also investigated. Nonlinearities in associations involving continuous
independent variables were examined and where appropriate modeled using
fractional polynomials. Data cleaning and all analyses were undertaken using
Stata/MP 10.1 and Stata/IC 10.1 (StataCorp LP, College Station, TX).

RESULTS

At follow-up, 156 children participated in the physical activity assessments
while still residing in their original community, out of the 184 with baseline
assessments (15% loss to follow-up), with the control group losing 10% (n=9)
and the intervention group 20% (n=19) (Table 1). For the characteristics shown in
Table 1, there was no statistically significant evidence that there were differences
between those lost to follow-up and those who remained in the study (p90.120).
The only statistically significant difference between the remaining cohort and those
lost to follow-up was the baseline age of the responding parents/guardians (those
lost to follow-up had parents who were 4.3 years younger, 95% CI: 1.2, 7.3, p=
0.006). This difference was similar for both communities (5.1 and 3.4 for control
and intervention, respectively). There was less compliance with physical activity
measurement protocols at follow-up compared to baseline, but this was still
acceptable since four or more days of accelerometer data were recorded for 86%
(n=132) of the cohort. All participants with at least 1 day of valid data were
included in the analyses to maximize statistical power (n=138). The parent/
guardian questionnaire instrument response rate was excellent. Of the 138
participants in the final cohort, there was questionnaire data for 128 at baseline
(93%) and 133 at follow-up (96%). There was no statistically significant evidence
that those lost to follow-up in the intervention group were different by baseline
physical activity (difference in mean TDPA of intervention group at baseline=
47,653, 95% CI: −26,028, 121,335, p=0.202).

Linear mixed models were used to predict follow-up physical activity, which
was log-transformed, while controlling for potential confounders (as shown in
Table 2) and baseline physical activity levels. As shown in Table 2, there was
evidence of statistically significant associations in the final model between follow-up

QUIGG ET AL.176



TA
B
LE

1
D
if
fe
re
nc
es

be
tw

ee
n
lo
ng

it
ud

in
al

co
ho

rt
an

d
th
os
e
lo
st

to
fo
llo

w
-u
p—

ca
te
go
ri
ca
l
pa

rt
ic
ip
an

t
de

m
og
ra
ph

ic
ch
ar
ac
te
ri
st
ic
s

Ch
ild

ch
ar
ac
te
ri
st
ic
s

Co
nt
ro
l

In
te
rv
en
tio

n
To
ta
l

Fo
llo

w
-u
p
n
=
79

Lo
st
to

fo
llo

w
-u
p
n
=
9

Fo
llo

w
-u
p
n
=
77

Lo
st
to

fo
llo

w
-u
p
n
=
19

Fo
llo

w
-u
p
n
=
15
6

Lo
st
to

fo
llo

w
-u
p
n
=
28

n
%

n
%

n
%

n
%

n
%

n
%

Se
x Fe
m
al
e

48
61

5
56

36
47

10
56

84
54

15
54

M
al
e

31
39

4
44

41
53

9
44

72
46

13
44

M
ea
n
ag
e
(±
SD

)
7.
5
±
1.
6

8
±
1.
9

7.
6
±
1.
6

7.
4
±
1.
6

7.
6
±
1.
6

7.
6
±
1.
7

5–
6

20
25

2
22

22
29

5
29

42
27

7
26

7–
8

32
41

3
33

25
32

6
32

57
37

8
30

9–
10

27
34

4
44

30
39

8
42

57
37

12
44

BM
I
z-
sc
or
e
[3
1]

M
ea
n
z-
sc
or
e
(±
SD

)
0.
73

±
0.
90

1.
00

±
0.
74

0.
69

±
0.
81

0.
94

±
0.
91

0.
71

±
0.
71

0.
97

±
0.
84

N
or
m
al

w
ei
gh
t

56
71

5
56

57
74

10
53

11
3

72
15

54
O
ve
rw

ei
gh
t

13
16

4
44

15
19

5
26

28
18

9
32

O
be
se

10
13

0
0

5
6

4
21

15
10

4
14

Et
hn

ic
ity

a

N
Z
M
āo
ri

15
19

4
44

18
23

5
26

33
21

9
32

Pa
ci
fi
c

4
5

0
0

5
6

1
5

9
6

1
4

N
ZE
O

63
80

5
56

59
77

13
68

12
2

78
18

64
M
is
si
ng

6
8

0
0

7
9

4
21

13
8

4
14

N
ZE
O
N
ew

Ze
al
an
d
Eu
ro
pe
an
/O
th
er

a P
ar
tic
ip
an
ts
co
ul
d
se
le
ct

m
or
e
th
an

on
e
ca
te
go
ry

so
pe
rc
en
ta
ge
s
m
ay

ad
d
up

to
m
or
e
th
an

10
0

THE EFFECTIVENESS OF A COMMUNITY PLAYGROUND INTERVENTION 177



physical activity and participant baseline age, school day, usual mode of travel to
school, sex, and ethnicity. Also, statistically significant interactions were found
between sex and ethnicity (p=0.019) and community and BMI z-score (p=0.006).
There was no evidence of any other statistically significant predictors of physical
activity levels at follow-up assessment.

The final model without the BMI–community interaction found no evidence
that participants in the intervention community had a statistically significant
difference in their mean TDPA, compared to those living in the control community.
There was, however, statistically significant evidence that the differences in mean
TDPA differed depending on participant’s BMI z-score and community of residence
(interaction p=0.006). For children in the intervention community, compared to the
control community, total activity increased for those with BMI z-scores less than 0.4
and decreased for those with BMI z-scores greater than 0.4. This is illustrated in
Figure 1.

DISCUSSION

The study hypothesis was that upgrading the play equipment in two playgrounds
would increase the TDPA undertaken by children attending schools located in that
community. While there was no direct support for this hypothesis, there was
evidence of an interaction between BMI and those exposed to the upgraded
playgrounds as Figure 1 illustrates. For BMI z-scores typical of children in the study
(around 0.7), there was no evidence of an effect. For children with low BMI z-scores,
there was statistically significant evidence of a benefit from the intervention. This
finding needs to be interpreted with care and be replicated in other studies,
particularly given the small numbers of participants. However, if confirmed, it
would suggest that upgrading playgrounds may decrease total activity in those with
higher BMIs, a group often targeted by physical activity interventions.

There appear to be no published reports of similar evaluations of upgraded
playgrounds within a population health framework which included objectively
measured physical activity. Studies have also had difficulty detecting community- or
population-level changes with other types of interventions, such as a pedometer
challenge.43 In contrast to studies with a population health framework, none of the
other studies that found evidence of an increase in physical activity after playground
upgrades included any measurement of total physical activity for comparison,8–16

leaving open the possibility of physical activity compensation leaving TDPA
unchanged.

Playgrounds are a primary setting for observational studies to assess child
physical activity.9,44 Of the nine playground intervention studies that measured
physical activity within a playground setting, only one study considered physical
activity in the wider neighborhood context.9 The amount of physical activity
measured in the neighborhood was still not able to be compared with the overall
levels of physical activity undertaken by participants in specific settings. It is possible
that our study might not have observed any population level physical activity
increase because playgrounds, or even parks, may have less importance for
children’s overall physical activity than previously thought. Alternatively, such
interventions may displace the location of physical activity rather than affecting its
magnitude.

This manuscript has not evaluated the merits of the playground changes made
by the DCC, but Frost and Woods45 cautioned against standardized, modular
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equipment in playgrounds. They recommended play environments that offer a range
of challenges, with both fixed and complex equipment providing sensory experi-
ences, ranging from functional to aesthetically pleasing. In their view, play
environments should be places that maintain the activity of children without
guidance by adults. Woolley46 endorsed a similar, child-centered approach to
designing and managing places for children to play. Although physical activity is not
usually the only focus of local authority playground provision, making sure that
physical activity is always included in the design rationale and that playgrounds are
designed to encourage and sustain physical activity behaviors could be a useful
population health approach. The degree of promotion of facilities may also influence
outcomes.

There were several limitations to this study. The natural experiment design
meant it was not possible to randomize participants to intervention or control
groups. Despite efforts to select a comparable control community and measure
potential confounders (such as income and access to a motor vehicle), important
systematic differences between participants from the two communities cannot be
ruled out. However, the focus of the study was on changes in TDPA between
baseline and follow-up, and it seems unlikely that any such differences would have
affected the results. The outcome measure of TDPA does not take into account
differences in wear time during pre- and post-assessments. Compliance is an
important issue for studies of this nature. It may well have differed between
communities or changed between baseline and follow-up. However, there are no
reasons to suspect that any changes in compliance between baseline and follow-up
would have differed between communities. As we are looking at changes in activity,
without such a differential change, the wear-time cannot be a confounder and so
does not threaten the validity of the results, although it will add variability to the
data, making detecting differences between the communities more difficult. Our two
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proximity covariates included in our model (Table 2) were determined by straight-
line measures between the participant’s home address and parks. Distances to parks
were also calculated using straight-line measurements which are not as accurate in
terms of travel distance as measures based on road networks.47–49 There were other
methodological challenges with the natural experiment design including an incident
at one of the control schools that possibly affected recruitment of participants as the
tragedy meant the school was closed for a period between consent forms being given
to school students and the actual start of baseline physical activity assessment.
Additionally, the precision of estimates, as reflected in the widths of confidence
intervals, was a result of the relatively small sample size. The small numbers of
participants meant few subgroup analyses could be undertaken, although a
statistically significant interaction with BMI was noted.

The natural experiment design and measurement instruments of this study,
however, enabled a population focus to the research. Other strengths included
the use of a control community, comparability between the communities at
baseline and follow-up, and individual, family, and household information
about participants collected through a pre-tested questionnaire which had a
very high response rate.

The main finding from investigating the effect of the playground upgrade was a
statistically significant increase inmean physical activity levels for participating children
who had low BMI z-scores. As this is not a finding that, as yet, can be readily
explained, it warrants further research. This study suggests that whereas playgrounds
are promoted in the scientific literature as community features that support physical
activity, the possible differing effect on different subgroups may be important.

ACKNOWLEDGEMENTS

The authors have no professional relationships with companies or manufacturers
who will benefit from the results of the present study.

REFERENCES

1. Floyd MF, Crespo CJ, Sallis JF. Active living research in diverse and disadvantaged
communities: stimulating dialogue and policy solutions. Am J Prev Med. 2008; 34(4):
271–274.

2. Floyd MF, Spengler JO, Maddock JE, Gobster PH, Suau LJ. Park-based physical activity
in diverse communities of two U.S. cities: an observational study. Am J Prev Med. 2008;
34(4): 299–305.

3. Sallis J, Glanz K. The role of built environments in physical activity, eating, and obesity in
childhood. Future Child. 2006; 16(1): 89–108.

4. Schoeppe S, Braubach M. Tackling Obesity by Creating Healthy Residential Environ-
ments. Copenhagen, Denmark: World Health Organization; 2007.

5. Timperio A, Ball K, Salmon J, et al. Personal, family, social, and environmental correlates
of active commuting to school. Am J Prev Med. 2006; 30(1): 45–51.

6. Timperio A, Crawford D, Telford A, Salmon J. Perceptions about the local
neighborhood and walking and cycling among children. Prev Med. 2004; 38(1):
39–47.

7. Bundy AC, Luckett T, Tranter PJ, et al. The risk is that there is ‘no risk’: a simple,
innovative intervention to increase children’s activity levels. Int J Early Years Educ. 2009;
17(1): 33–45.

QUIGG ET AL.182



8. Colabianchi N, Kinsella AE, Coulton CJ, Moore SM. Utilization and physical activity
levels at renovated and unrenovated school playgrounds. Prev Med. 2009; 48(2): 140–
143.

9. Farley TA, Meriwether RA, Baker ET, Rice JC, Webber LS. Where Do the Children Play?
The Influence of Playground Equipment on Physical Activity of Children in Free Play. J
Phys Act Heal. 2008; 5(2): 319–331.

10. Hannon JC, Brown BB. Increasing preschoolers’ physical activity intensities: an activity-
friendly preschool playground intervention. Prev Med. 2008; 46(6): 532–536.

11. Loucaides CA, Jago R, Charalambous I. Promoting physical activity during school break
times: piloting a simple, low cost intervention. Prev Med. 2009; 48(4): 332–334.

12. Ridgers ND, Stratton G, Fairclough SJ, Twisk JWR. Long-term effects of a playground
markings and physical structures on children’s recess physical activity levels. Prev Med.
2007; 44(5): 393–397.

13. Stratton G. Promoting children’s physical activity in primary school: an intervention
study using playground markings. Ergonomics. 2000; 43(10): 1538–1546.

14. Stratton G, Leonard J. The effects of playground markings on the energy expenditure of
5–7-year-old children. Pediatr Exerc Sci. 2002; 14(2): 170–180.

15. Stratton G, Mullan E. The effect of mulitcolor playground markings on children’s
physical activity level during recess. Prev Med. 2005; 41(5–6): 828–833.

16. Cardon G, Labarque V, Smits D, De Bourdeaudhuij I. Promoting physical activity at the
pre-school playground: the effects of providing markings and play equipment. Prev Med.
2009; 48(4): 335–340.

17. Quigg R, Gray A, Reeder AI, Holt A, Waters DL. Using accelerometers and GPS units to
identify the proportion of daily physical activity located in parks with playgrounds in
New Zealand children. Prev Med. 2010; 50(5–6): 235–240.

18. Ogilvie D, Mitchell R, Mutrie N, Petticrew M, Platt S. Evaluating health effects of
transport interventions. Am J Prev Med. 2006; 31(2): 118–126.

19. Education Review Office. Education Review Reports. 2008. http://www.ero.govt.nz.
Accessed 23 June 2008.

20. Dunedin City Council. Play Strategy Supporting Document. Dunedin, New Zealand:
Dunedin City Council; 2006.

21. Dunedin City Council. Dunedin City Council: Transportation Strategy. Dunedin, New
Zealand: Dunedin City Council; 1999.

22. Dunedin City Council. Dunedin Community Profile: a Summary of 2001 Demographic
Information. Dunedin, New Zealand: Dunedin City Council; 2001.

23. Dunedin City Council. Play Strategy. Dunedin, New Zealand: Dunedin City Council; 2006.
24. Quigg R, Freeman C. Do children like walking? Children in the city of Dunedin, New

Zealand. Child Aust. 2008; 33(3): 13–20.
25. Moeller NC, Korsholm L, Kristensen PL, Andersen LB, Wedderkopp N, Froberg K. Unit-

specific calibration of Actigraph accelerometers in a mechanical setup—is it worth the
effort? The effect on random output variation caused by technical inter-instrumental
variability in the laboratory and in the field. BMC Med Res Methodol. 2008; 8: 19.

26. Mattocks C, Ness A, Leary S, et al. Use of accelerometers in a large field-based study of
children: protocols, design issues, and effects on precision. J Phys Act Heal. 2008; 5(S1):
S98–S111.

27. Rowlands AV, Pilgrim EL, Eston RG. Patterns of habitual activity across weekdays and
weekend days in 9–11-year-old children. Prev Med. 2008; 46(4): 317–324.

28. Andrews FJ. Parental perceptions of residential location: impacts on children’s health.
Health Place. 2010; 16(2): 252–258.

29. Carver A, Timperio A, Crawford D. Perceptions of neighborhood safety and physical
activity among youth: the CLAN study. J Phys Act Heal. 2008; 5(3): 430–444.

30. Galster GC, Santiago AM. What’s the ‘Hood’ got to do with it? Parental perceptions
about how neighborhood mechanisms affect their children. J Urban Aff. 2006; 28(3):
201–226.

THE EFFECTIVENESS OF A COMMUNITY PLAYGROUND INTERVENTION 183

http://www.ero.govt.nz


31. Lumeng JC, Appugliese D, Cabral HJ, Bradley RH, Zuckerman B. Neighborhood safety
and overweight status in children. Arch Pediatr Adolesc Med. 2006; 160(1): 25–31.

32. Timperio A, Salmon J, Telford A, Crawford D. Perceptions of local neighborhood
environments and their relationship to childhood overweight and obesity. Int J Obes.
2005; 29(2): 170–175.

33. Guinhouya CB, Hubert H, Soubrier S, Vilhelm C, Lemdani M, Durocher A. Moderate-to-
vigorous physical activity among children: discrepancies in accelerometry-based cut-off
points. Obesity. 2006; 14(5): 774–777.

34. McClain JJ, Abraham TL, Brusseau TA Jr, Tudor-Locke C. Epoch length and
accelerometer outputs in children: comparison to direct observation. Med Sci Sports
Exerc. 2008; 40(12): 2080–2087.

35. Witten K, Hiscock R, Pearce J, Blakely T. Neighbourhood access to open spaces and the
physical activity of residents: a national study. Prev Med. 2008; 47(3): 299–303.

36. Kamtsios S, Digelidis N. Physical Activity Levels, Exercise Attitudes, Self-Perceptions and
BMI Type of 11 to 12 Year-Old Children. J Child Health Care. 2008; 12(3): 232–240.

37. Slater SJ, Ewing R, Powell LM, Chaloupka FJ, Johnston LD, O’Malley PM. The
Association Between Community Physical Activity Settings and Youth Physical Activity,
Obesity, and Body Mass Index. J Adolesc Health. 2010; 47(5): 496–503.

38. Wolch J, Jerrett M, Reynolds K, et al. Childhood obesity and proximity to urban parks
and recreational resources: a longitudinal cohort study. Health Place. 2011; 17(1): 207–
214.

39. Salmond C, Crampton P, Atkinson J. NZDep2006 Index of Deprivation. Wellington,
New Zealand: Dept of Public Health, University of Otago Wellington School of Medicine
and Health Sciences; 2007.

40. Williams S. Body Mass Index reference curves derived from a New Zealand Birth Cohort.
N Z Med J. 2000; 113(1114): 308–311.

41. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child
overweight and obesity worldwide: international survey. BMJ. 2000; 320(7244): 1240.

42. Ministry of Health. Ethnicity Data Protocols for the Health and Disability Sector. 2004;
http://www.nzhis.govt.nz/moh.nsf/pagesns/228/$File/ethnicity-data-protocols.pdf.
Accessed 6 May 2010

43. Mummery WK, Brown WJ. Whole of community physical activity interventions: easier
said than done. Br J Sports Med. 2009; 43(1): 39–43.

44. Harten N, Olds T, Dollman J. The effects of gender, motor skills and play area on the free
play activities of 8–11 year old school children. Health Place. 2008; 14(3): 386–393.

45. Frost JL, Woods IC. Perspectives on Play and Playgrounds. In: Fromberg DP, Bergen D,
eds. Play from Birth to Twelve: Contexts, Perspectives, and Meanings. 2nd ed. Boca
Raton, FL: Taylor and Francis; 2006: 331–342.

46. Woolley H. Watch This Space! Designing for Children’s Play in Public Open Spaces.
Geography Compass. 2008; 2(2): 498–512.

47. Kaczynski AT, Potwarka LR, Smale BJA, Havitz ME. Association of parkland proximity
with neighborhood and park-based physical activity: variations by gender and age.
Leisure Sci. 2009; 31(2): 174–191.

48. Timperio A, Ball K, Roberts R, Campbell K, Andrianopoulos N, Crawford D. Children’s
fruit and vegetable intake: associations with the neighborhood food environment. Prev
Med. 2008; 46(4): 331–335.

49. Zhan FB, Brender JD, De Lima I, Suarez L, Langlois PH. Match rate and positional
accuracy of two geocoding methods for epidemiologic research. Ann Epidemiol. 2006; 16
(11): 842–849.

QUIGG ET AL.184

http://www.nzhis.govt.nz/moh.nsf/pagesns/228/File/ethnicity-data-protocols.pdf

	The Effectiveness of a Community Playground Intervention
	Abstract
	Introduction
	Methods
	Participants
	Instruments
	Statistical Analyses

	Results
	Discussion
	Acknowledgements
	References


