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Abstract: Neighbourhood-level interventions offer a promising opportunity to promote child mental
health at a population level; however, neighbourhood effects are still regarded as a ‘black box’ and a
better understanding of the specific design elements, such as public open space, is needed to inform
actionable policy interventions. Methods: This study leveraged data from a population linked dataset
(Australian Early Development Census—Built Environment) combining information from a national
census of children’s developmental outcomes with individualised geospatial data. Associations
between access to (within 400 m and 800 m from home), and quality of, public open space and child
mental health outcomes across eight capital cities were estimated using multilevel logistic regression
models, adjusting for demographic and contextual factors. Access was defined based on proximity of
public open space to children’s home addresses, within distance thresholds (400 m, 800 m) measured
along the road network. Effect modification was tested across maternal education groups. Results:
Across the eight capital cities, inequities in access to child friendly public open spaces were observed
across maternal education groups and neighbourhood disadvantage quintiles. Children with access to
any type of public open space within 800 m of home had lower odds of demonstrating difficulties and
higher odds of competence. Children with access to child friendly public open spaces within 800 m
of home had the highest likelihood of demonstrating competence. Conclusion: Improving access to
neighbourhood public open space appears to be a promising strategy for preventing mental health
difficulties and promoting competence in early childhood. Action is needed to redress socio-spatial
inequities in access to child friendly public open space.

Keywords: mental health; child development; inequities; social determinants; built environment;
green space; public open space

1. Introduction

Mental health difficulties affect between 10% to 20% of children globally [1,2]. For
many children, these difficulties first emerge in the early years [3], during which the brain is
highly sensitive to nurturing environments and stimulating interactions with caregivers [4].
Young children’s mental health during the first decade of life forms a foundation for their
mental health and social functioning throughout the life course, and is therefore critical to
strategies aimed at promoting mental health at a population level [5].

In the early years, mental health difficulties are often conceptualised according to
externalising difficulties (difficulties with behaviour or inattention) and internalising diffi-
culties (difficulties with emotions such as anxiousness, fear, or sadness) [6]. Mental health
competence (i.e., positive mental health) in early childhood includes psycho-social skills
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such as regulating emotions and behaviour, skills in interacting with peers, and caring for
others [7,8]. Evidence suggests that both mental health difficulties and competence carry
implications for important health and social outcomes, such as young children’s capacity
to engage with early learning experiences [9–11].

Bio-ecological models recognise that children’s mental health is influenced by multiple
contexts in which children develop, including the neighbourhood, as well as the family
and wider societal contexts [12]. It has long been observed that neighbourhoods matter to
young children’s mental health, and this is well-documented in the ‘neighbourhood effects’
literature [13,14]. For example, children growing up in disadvantaged neighbourhoods are
more likely to demonstrate mental health difficulties—irrespective of their individual fam-
ily circumstances—compared with their peers in more advantaged neighbourhoods [15].
However, these neighbourhood effects are still largely regarded as a ‘black box’, prompting
calls for a deeper understanding of the specific neighbourhood-level factors—especially
those that are modifiable by policy and planning interventions—that support better mental
health in early childhood [14]. Such identification of specific, modifiable neighbourhood
features could enable a promising opportunity to promote child mental health at a popula-
tion level, as neighbourhood-level interventions have the benefit of reaching large numbers
of children and their families.

One key feature of a supportive neighbourhood for children is the availability and
quality of neighbourhood public open space (e.g., parks, playgrounds). High-quality
public open space provides opportunities for play and stimulating activities, socialisation,
and skill-building (e.g., trying out new experiences, engaging with other children) [16].
It seems likely that these experiences play a role in promoting children’s mental health.
Qualitative research with young children’s caregivers points to public open space as a key
community asset that families regard as important for young children’s development and
skill-building [17]. It has also been theorised that ‘green space’—public open space with
natural features (e.g., trees and vegetation)—may have a psychologically restorative or
protective effect, helping to reduce or prevent mental distress [18]. In older children, several
studies have found a protective relationship between exposure to green space and reduced
mental health difficulties, particularly hyperactivity and inattention [19–22]. Not all parks
are created equal, however, with some evidence indicating that the quality of public open
space makes a difference; for example, some studies have found more consistent or larger
magnitude of associations between young children’s mental health and measures of quality
of public open space, versus measures of quantity or proximity [23–25]. From a child- and
family-centred perspective, high-quality public open space includes features supporting
play and recreation (e.g., playgrounds) as well as facilities that enable families to use the
space over the course of several hours (e.g., public toilets) [17].

Despite the plausibility of the relationship between early childhood mental health
and public open space access and quality, the evidence base is nascent. Recent systematic
reviews of the evidence around public open space and child mental health have identified
a lack of studies investigating associations with mental health in the early childhood
period, and mental health competence in particular [26,27]. Furthermore, very few studies
have examined the quality of public open space and how this relates to young children’s
mental health [26,27]. This gap exists despite a growing body of evidence suggesting the
importance of public open space quality, in particular, for promoting mental health. For
example, a study conducted with adults in Australia found that those with access to high-
quality public open space were around two times more likely to have low psychological
distress than those with access to low-quality public open space [28]. The authors of
another study found that positive mental health was associated with specific quality
features (natural areas, sporting, recreation) of public open space, with the largest effect
size observed for sporting features [29].

In addition to these gaps, a major limitation of the current evidence is a lack of studies
attempting to unpack how specific neighbourhood attributes relate to children’s experiences
of disadvantage [26]. Inequity between neighbourhoods in terms of the resources and
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opportunities provided to young children and families has been postulated as a potential
mechanism through which neighbourhood effects on children’s early mental health are
transmitted, with children living in the most disadvantaged neighbourhoods having fewer
opportunities to build social and emotional skills [14,30]. Internationally, studies examining
the relationships between neighbourhood disadvantage and public open space availability
and quality have reported somewhat mixed findings across different countries and contexts,
but there is some suggestion that those living in the most disadvantaged neighbourhoods
may have worse access to, and poorer quality of, local public open space than their peers
in more affluent neighbourhoods [31–33]. Research examining how access and quality of
neighbourhood public open space relates to young children’s experiences of disadvantage
is urgently needed, given evidence that children facing disadvantage experience a double
burden of higher mental health difficulties and lower mental health competence compared
with their more advantaged peers [34–36].

Data linkage offers new ways of answering these questions and clarifying associations
across large numbers of children, and potentially entire populations of children. Previous
data linkage of early child development outcomes and built environment measures have
successfully generated evidence for individual Australian cities [24,37]. The present study
extends this work by leveraging a globally unique population linked dataset combining
geographic and objective data on children’s neighbourhood-built environments with data
collected as part of the Australian Early Development Census (AEDC), a population census
of early child development, across Australia’s eight capital cities. The aim of this study is to:
(1) document access to public open space in a national cohort of children, and describe how
this access varies between relatively socioeconomically advantaged and disadvantaged
children, (2) examine relationships between access to and quality of neighbourhood public
open space and mental health (externalising difficulties, internalising difficulties, and
competence) in early childhood, and (3) investigate whether these relationships differ
among children by socioeconomic disadvantage. In doing so, we aimed to inform urban
planning and policy, as well as early childhood and education portfolios, by developing
the evidence base around what neighbourhood characteristics can be modified at scale to
support mental health in the early years.

2. Materials and Methods
2.1. Study Design: Australian Early Development Census—Built Environment (AEDC-BE)

This study uses a cross-sectional population linked dataset, the Australian Early
Development Census—Built Environment (AEDC-BE) dataset, which combines (1) child
demographics and developmental outcomes, collected as part of the Australian Early
Development Census (AEDC) in 2015, (2) geographic data (e.g., administrative boundaries,
city and state of residence), and (3) objective measurements of children’s neighbourhood
built environments; we provide a detailed description of this data in another article of this
special issue [38]. Details of each of these component datasets and data linkage procedures
are described further below.

2.2. Australian Early Development Census

Every three years, the Australian Government funds a population census of children’s
early development, the Australian Early Development Census (AEDC). The AEDC pro-
vides a snapshot of child development for all children across Australia who are entering
their first year of full-time schooling. Teachers complete the instrument, an adapted version
of the Canadian Early Development Index [39], for each child in their class, respond-
ing to a range of items encompassing physical health and wellbeing, social competence,
emotional maturity, language, cognitive skills (school-based), communication skills, and
general knowledge [40]. The AEDC’s exceptional population coverage (including 96.5%
of school entrants in 2015, with a school participation rate of 96.7%) is achieved through
a range of strategies, such as its use of secure web-based data entry system and funding
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to cover teacher relief (covering each teacher for one hour of training and 20 min per
instrument) [41,42].

2.3. Geographic and Neighbourhood Built Environment Data

Objective neighbourhood-built environment measures were developed for Australia’s
most populous 21 cities (as in Australia’s National Cities Performance Framework) [43].
These measures formed part of a pre-existing database used to calculate national parcel-
level liveability indicators across Australia [44]. These measures, along with geospatially
referenced 2016 Australian Census data, were linked to unique home addresses of chil-
dren from the 2015 AEDC. This process involved matching children’s home addresses
to the nearest sampling point location in the national database (average distance from
child’s home address to nearest sampling point for this capital cities child cohort: 3.5 m).
Sampling point locations, which served as proxies for residential lots, were derived from
the Geocoded National Address File, Australia’s authoritative national address database
produced and maintained by Geoscape Australia (formerly PSMA) [44–46]. A detailed
description of sampling point methodology is presented elsewhere [44,45].

Over 80 spatial measures of the neighbourhood environment were calculated for each
child, including information about the public open space available around the child’s home
and the attributes of these spaces. These measures were developed and conceptualised
as part of the child liveability work programs in the Centre for Urban Research at RMIT
University and Murdoch Children’s Research Institute [38,47,48]. Given that these spatial
measures were conceptualised for urban areas, children living in remote or very remote
locations were not included in the linked AEDC-BE dataset.

2.4. Study Participants

In total, 302,003 children participated in the AEDC in 2015, of which 235,631 children
resided in 21 of Australia’s most populous cities and towns and were included in the
AEDC-BE linked dataset. The present analysis focuses on Australia’s capital cities’ school
entrant population, including 199,200 children (approximately two of every three children
nationally) living in Adelaide, Brisbane, Canberra, Darwin, Hobart, Melbourne, Perth, and
Sydney. We focused on capital cities as a starting point for building this evidence base,
because we expected that relationships with mental health might differ in rural and regional
towns and require focused exploration. Australia’s eight capital cities are diverse, yet they
are unified in that they represent the major metropolitan centre of each state or territory.

2.5. Data Linkage Procedures

The data linkage procedures and geospatial measures included in the AEDC-BE
dataset are presented in detail elsewhere [38,48]. Briefly, the AEDC data custodians, the
Social Research Centre (SRC) (on behalf of the Australian Government Department of
Education and Training), provided geocoded addresses (latitude and longitude coordi-
nates) of 2015 AEDC participants as well as child demographics and development data
to the Australian Institute of Family Studies (AIFS), an approved data linkage body. AIFS
provided RMIT University with a de-identified AEDC participant list of geocoded ad-
dresses, including an additional 5% of false addresses to help ensure anonymity. The
spatial measures of children’s neighbourhood environment were calculated and attached
to the participant list and returned to AIFS, who removed the false addresses, de-identified
the final linked dataset by removing the geocoded addresses and integrated the spatial
neighbourhood environment measures with AEDC content data (e.g., demographics and
child development outcomes). The final de-identified linked dataset was then provided to
the research team for analysis. Data linkage was undertaken by AIFS in August 2019.

2.6. Mental Health (Outcome) Measures

Measures of each mental health outcome (internalising difficulties, externalising dif-
ficulties, mental health competence) have been previously conceptualised and derived
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from the AEDC. These indicators are developmentally appropriate for early childhood and
have been validated against the Strengths and Difficulties Questionnaire [7,10,35,36,49].
Teachers reported on children’s demonstration of behaviours and skills using Likert scales
(e.g., ratings of very good/good, average, and poor/very poor) or binary (yes/no) scales.
For each mental health outcome, the average score of the relevant AEDC subdomains
(detailed below) was calculated for each child. As is the case for other domains of the
AEDC, all three of the outcomes examined here had a strongly skewed distribution and
were therefore dichotomized, as is recommended for other AEDC domains [40]. Cut-points
for dichotomisation used the bottom tertile for difficulties or competencies following previ-
ous research [10], and were the same as the cut-points based on the distribution of scores
in the entire AEDC-BE national cohort (i.e., 21 most populous cities), facilitating future
comparisons between the eight capital cities of focus in this study and the broader urban
child population in Australia.

2.6.1. Externalising Difficulties

Externalising difficulties were indicated by teacher reports on the AEDC subdomains
of hyperactivity and inattentiveness (e.g., cannot settle to anything for a few moments)
and aggressive behaviours (e.g., gets into physical fights). This measure was dichotomised
using the first tertile as a cut point, with children in the poorest scoring tertile being
classified as demonstrating ‘high’ difficulties (as compared with the remaining children,
who were classified as demonstrating ‘low’ difficulties).

2.6.2. Internalising Difficulties

Internalising difficulties were indicated by teacher-reported items from the anxious
or fearful behaviours (e.g., is nervous, highly strung or tense) AEDC subdomain [10].
This measure was dichotomized into ‘high’ and ‘low’ difficulties in the same way as
externalising difficulties.

2.6.3. Competence

The competence measure includes teacher reported skills of overall social competence
(e.g., ability to get along with peers), approaches to learning (e.g., works independently),
readiness to explore new things (e.g., is eager to play with a new toy), prosocial and helping
behaviour (e.g., will try to help someone who is hurt). This measure was dichotomised at
the top tertile, such that children with the most exceptional strengths were classified as
demonstrating ‘high’ competence (as compared with the remaining children, who were
classified as demonstrating ‘low-to-moderate’ competence).

2.7. Public Open Space (Exposure) Measures

Data for the public open space measures in the AEDC-BE dataset were sourced from
OpenStreetMap in 2018 [50]. OpenStreetMap is a community contributed, open-source
database cataloguing spatial neighbourhood data [50]. A major strength is its consistency
across the eight capital cities, given that at the time of data linkage there was not an
existing national database of public open space in Australia. Detailed information on the
types of land uses and space included and excluded in the study’s definitions of public
open space, and the operationalization of these using OpenStreetMap, are presented in
Supplementary Materials (Table S1), and additional metadata can be found in the Australian
Urban Observatory [51].

Each of the public open space access measures were derived from continuous variables
measuring the distance, in metres along the road network, from a child’s home to the
nearest (a) ‘child friendly’ public open space with both a playground and a toilet nearby
(i.e., within 100 m of the public open space boundary) or (b) public open space of other
types, but lacking these child friendly features (hereafter ‘non-child friendly’ public open
space). Detailed information about the construction of these spatial measures is presented
in the Supplementary Materials (Table S1) and developed following guidance from Lamb
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and colleagues [52]. The definition of child friendly public open space was based on
qualitative research with caregivers of young children across Australia, which pointed to
the salience of these two quality features as especially important for supporting young
families’ use of public open space [17]. To facilitate their interpretation in terms of tangible
policies and interventions, public open space measures were categorised into three mutually
exclusive groups (no access; access to non-child friendly public open space; access to
child friendly public open space) to indicate both access and quality within two distance
thresholds: 400 metres and 800 metres. These distances were chosen based on the previous
child health literature [27] and current Australian policy standards for public open space
provision [53,54]. For example, although little is known about the size of the areas within
their neighbourhoods where young children roam, previous Australian research suggests
that on average, caregivers perceive 1.5 km (approximately 30 min of walking) to be an
appropriate walking distance for young children [55], which aligns closely with an 800 m
one-way (1600 m round-trip) walking distance.

2.8. Demographic (Covariate) Measures

Demographic measures were drawn from the AEDC, almost all of which were pre-
populated from information collected through school enrolment processes, except for one
teacher-reported item assessing English proficiency. These measures represent markers
of exposure to structural inequities, and therefore, are likely to be associated with both
exposure (neighbourhoods in which children live) and mental health outcomes.

2.8.1. Maternal Education

Maternal education was based on the highest level of schooling and highest post-
school qualification by the caregiver listed as ‘Parent 1’ for the child. Australian data
shows that ‘Parent 1’ is almost always the child’s biological mother [56,57]. Three groups
were derived to cover high, middle, and low maternal education groups in the Australian
context: (1) bachelor’s degree or higher, (2) completed high school (Year 12) and/or other
tertiary post-school qualification(s) (e.g., trade qualifications), (3) did not complete high
school (Year 11 or less).

2.8.2. Sex

A dichotomous (male, female) measure of the child’s sex was included to account for
any sex-specific differences in mental health.

2.8.3. Indigenous Status

A dichotomous (non-Indigenous, Aboriginal, and Torres Strait Islander) measure was
used. The aim of including this measure was to factor into analysis the historical and
contemporary impacts of colonization and systemic racism that children and families from
Indigenous backgrounds in Australia continue to face, but which is rarely captured in
administrative data sources [58].

2.8.4. Language Background and English Proficiency

This study used a measure of language background and English proficiency de-
veloped by Goldfeld and colleagues [59], which was based on one pre-populated item
from the AEDC indicating language background other than English (yes/no) and one
teacher-reported item assessing English proficiency of the child. From these two pieces of
information, three groups were derived: (1) English only (any proficiency), (2) multilingual
(English-proficient), (3) multilingual (English-emerging). English-proficient was defined as
any child who was rated by their teacher as having average or good-to-very good English
proficiency. This measure was included in the analysis to account for the marginalisation
and social exclusion that is often experienced by children and families from diverse cultural
and linguistic backgrounds, including in the classroom, given English is the dominant
language of instruction in Australia.
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2.8.5. Additional Health and Education Needs

A dichotomous measure indicating whether the child was identified as having ad-
ditional health and education needs was included. Children were identified as having
additional health and education needs if they had a medical diagnosis of a chronic med-
ical, physical, or intellectually disabling condition that requires special assistance [60].
This measure was included to account for the barriers these children face in participat-
ing in the opportunities that build mental health, which result in higher risk of mental
health difficulties.

2.9. Contextual (Covariate, Study Area, and Adjustment for Clustering) Measures
2.9.1. Neighbourhood Boundaries

Neighbourhood geographic boundaries were approximated in this study using the
Australian Bureau of Statistics Statistical Area 1 (SA1), which represents a small area with a
population size of approximately 400 people [61].

2.9.2. Neighbourhood Disadvantage

Neighbourhood disadvantage was measured at the SA1 using the Australian Bureau
of Statistics Socio-Economic Index for Areas—Index of Relative Socio-Economic Disadvan-
tage (SEIFA-IRSD) [62]. This commonly used multidimensional index captures multiple
aspects of an area’s disadvantage, such as proportion of residents on low incomes, pro-
portion of residents without internet access [62]. Neighbourhood disadvantage quintiles
were calculated by the Australian Bureau of Statistics for all SA1s in Australia, prior to
data linkage; hence, neighbourhood disadvantage quintiles represent the socioeconomic
characteristics of a neighbourhood relative to all other neighbourhoods across Australia.
The use of quantiles (rather than raw scores) is recommended by the Australian Bureau of
Statistics [62] and SEIFA-IRSD quintiles are commonly reported on and used in analyses of
data from the AEDC e.g., [24,35,60,63].

2.9.3. Capital City of Residence

Capital city boundaries were defined using the Australian Bureau of Statistics Greater
Capital City Statistical Areas (GCCSAs), which are intended to capture the functional extent
of a capital city [61]. Rather than capturing the built-up edge of the city, each GCCSA
reflects a more nuanced understanding of urban areas, including people who live in nearby
towns but regularly work, shop or visit the capital city [61].

2.10. Statistical Analysis

First, a descriptive picture of the entire capital cities cohort was generated, including
cohort characteristics expressed as a percentage (e.g., percentage female) as well as the
characteristics of children with: (a) no access to public open space, (b) access to non-
child friendly public open space, and (c) access to child friendly public open space. Next,
within each of the three maternal education groups, the percentages of children in each
public open space exposure level (no access, non-child friendly public open space, child
friendly public open space) were calculated and displayed visually. These percentages were
also calculated and graphed separately within each of the neighbourhood disadvantage
quintiles. Descriptive statistics were calculated in Stata 16 [64].

Statistical analysis was informed by a directed acyclic graph, presented in Supplemen-
tary Materials (Figure S1). A multilevel modelling approach was used to account for the
non-independence (i.e., clustering) of children’s mental health outcomes within neighbour-
hoods (i.e., SA1s). First, univariate, multilevel (i.e., children nested in neighbourhoods)
logistic regression models (Model A) were used to estimate the unadjusted association
between each public open space exposure measure and the odds of each mental health
outcome. These associations were modelled separately for each of the four exposures and
by each of the three outcomes, resulting in a total of 12 models.
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Multivariable multilevel logistic regression models were used to estimate the adjusted
associations. Based on the directed acyclic graph, we identified two sets of adjustment
variables aligning to two different (but not mutually exclusive) assumptions about the
underlying causal pathways between neighbourhood disadvantage, public open space
access by type, and children’s mental health: the first assumption is that there is systematic
under-investment in public open space in disadvantaged neighbourhoods; alternatively,
the second assumption is that provision of public open space drives up property val-
ues, leading to gentrification, displacement of disadvantaged residents, and reduction in
neighbourhood disadvantage. The first set of adjustment variables included child- and
family-level demographic characteristics only (Model B); the second included these demo-
graphic characteristics as well as neighbourhood disadvantage (Model C). Both adjustment
sets were modelled.

All models were estimated using Markov Chain Monte Carlo estimation procedures
using MLwiN and Stata 16’s runmlwin command [65,66]. Model convergence was checked
by visually examining trace plots generated in MLwiN. For Models A and B, a chain length
of 35,000 and burn-in of 2000 iterations was used. Model C was run with a burn-in of
5000 iterations and chain lengths of 35,000 (no interaction terms) and 50,000 (Model C plus
interaction terms).

2.11. Sensitivity Analysis

To assess whether associations were different within each capital city, we aimed to
undertake a sensitivity analysis. Models A (unadjusted), B (adjusted for child- and family-
level characteristics), and C (Model B adjustments, plus neighbourhood disadvantage)
were run using the same procedures outlined above, with children stratified by capital city;
however, the stratified results were not able to be reliably estimated due to issues with
model convergence for Models B and C. Hence, we present results for the entire capital
cities cohort and can only speculate on city-specific associations with full adjustment.

2.12. Missing Data

AEDC has exceptional population coverage, with only 1% missing data on average
across study variables included in this analysis; hence, analysis focused on children with
complete data across all study variables including measures of neighbourhood disadvan-
tage, covariates, and each mental health outcome. Due to differences in the numbers of
children with missing data across the three outcomes, this resulted in slightly different
numbers of children included in each analysis (externalising difficulties: n = 180,657; in-
ternalising difficulties: n = 180,654; competence: n = 176,408). Detailed information on
missing data is presented in Supplementary Materials (Table S2).

2.13. Ethics Approval

Approvals from the Royal Children’s Hospital (RCH) Human Research Ethics Commit-
tee (HREC) (#30016), RMIT University HREC (#20749), AEDC data custodians (180130C),
and the authorised data linkage agency (AIFS) were obtained for this project.

3. Results
3.1. AEDC-BE Cohort Characteristics

Demographic characteristics of the children included in the AEDC-BE capital cities
cohort are presented in Table 1. The capital cities cohort was 48.7% female. Over one-
quarter (28.0%) of the children in this cohort had a multilingual language background
(English-proficient or -emerging), a slightly higher proportion than in the overall 2015
AEDC national cohort (21.5%) [60].
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Table 1. AEDC-BE capital cities cohort characteristics and demographic characteristics of children in each public open space access group (none, non-child friendly,
or child friendly public open space within 800 m, 400 m from child’s home).

POS within 800 m POS within 400 m

Full Cohort None Non-Child Friendly Child Friendly None Non-Child Friendly Child Friendly

All children, N (% of capital cities cohort) N = 199,200
(100%)

N = 9627
(4.8%)

N = 111,588
(56.0%)

N = 77,985
(39.1%)

N = 48,111
(24.2%)

N = 115,538
(58.0%)

N = 35,551
(17.8%)

Sex
% Female 48.7 48.4 48.5 48.9 48.5 48.7 48.8

Language background and English proficiency *
% English-only 71.9 85.6 70.9 71.7 73.4 71.0 72.9
% Multilingual, English-proficient 24.6 12.5 25.5 24.9 23.3 25.5 23.8
% Multilingual, English-emerging 3.4 1.9 3.6 3.4 3.3 3.5 3.2

Aboriginal and Torres Strait Islander
% Aboriginal and Torres Strait Islander 2.8 3.9 3.0 2.4 3.0 2.8 2.4

Additional health or education needs
% Yes 4.6 4.2 4.8 4.3 4.4 4.7 4.4

Maternal education (highest level achieved) *
% Bachelor’s degree or higher 40.9 28.7 36.4 48.6 37.6 39.7 49.1
% High school and/or other post-school

qualification 47.8 57.1 50.8 42.5 50.0 48.6 42.3

% Did not complete high school 11.3 14.2 12.8 8.9 12.4 11.7 8.6
Neighbourhood disadvantage quintile *

% Quintile 5 (least disadvantaged) 27.4 22.1 24.8 31.8 23.1 27.1 34.3
% Quintile 4 22.4 23.9 21.4 23.5 21.7 22.1 24.1
% Quintile 3 18.5 24.9 18.7 17.5 19.9 18.5 16.6
% Quintile 2 15.8 16.9 17.2 13.7 17.4 16.1 12.6
% Quintile 1 (most disadvantaged) 15.9 12.2 17.9 13.5 17.9 16.1 12.5

Notes: POS: public open space. * Indicates measures with missing data for some children (see Table S2 in Supplementary Materials). Percentages were calculated for all children with
data available (i.e., children with missing outcome data were not excluded from descriptive statistics). Child friendly POS defined as having both playground and public toilet nearby;
non-child friendly POS defined as those lacking either/both of these child friendly features.
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A lower proportion of Aboriginal and Torres Strait Islander children (2.8%) lived
in these eight capital cities, as compared with the national cohort (5.7%) which includes
regional towns and remote areas [60]. A substantial proportion of children in this cohort
were from university-educated families (40.9% from families in which mothers achieved
a bachelor’s degree or higher) and from Australia’s least disadvantaged neighbourhoods
(27.4% residing in the least disadvantaged neighbourhood quintile). This is higher than the
proportion of children who live in the least disadvantaged neighbourhoods in the national
cohort (19.7%) [60].

3.2. Inequities in Access to Public Open Space

Overall, access to any type of public open space (irrespective of quality) was high:
95% of the cohort had access to a public open space within 800 m from home along the
road network, and over 75% had access within 400 m (Table 1); however, several subgroups
of children were disproportionately represented in the groups without access (i.e., ‘none’
within 800 m, 400 m). For example, despite making up only 2.8% of the overall capital
cities cohort, Aboriginal and Torres Strait Islander children accounted for 3.9% of children
without access to any public open space within 800 m. As shown in Table 1, there were
also several subgroups of children who were disproportionately underrepresented in the
optimal (i.e., child friendly) public open space exposure group. This was apparent at both
the 800 m and 400 m distance thresholds. For example, despite making up 11.3% of the
capital cities cohort, children in the lowest maternal education group made up only 8.9%
and 8.6% of the children with access to child friendly public open space within 800 m
and 400 m, respectively. Similarly, 15.9% of the children in the capital cities cohort lived
in the most disadvantaged neighbourhoods, but these children represented only 13.5%
(800 m) and 12.5% (400 m) of the child friendly public open space exposure group. These
results illustrate systemic inequities in the provision of public resources that support health
and wellbeing.

Descriptive statistics computed separately for each capital city (see Supplementary
Materials, Tables S3–S10) showed that the distribution of children from different demo-
graphics and maternal education groupings across each of the public open space exposure
groups (no public open space, other public open space, child friendly public open space)
was similar to the national-level descriptive statistics shown in Table 1. An exception to
this was the relationship between neighbourhood disadvantage and the public open space
exposure groups. For example, in Adelaide, Canberra, and Melbourne, children from the
least disadvantaged neighbourhoods (quintile 5) were over-represented in the group with
no access to public open space within 800 m (the reference group), whereas in Hobart
and Brisbane, children living in the most disadvantaged neighbourhoods (quintile 1) were
over-represented in the group with no access to public open space.

Furthermore, as shown in Figure 1, the percentages of children with access to public
open space (and the presence of child friendly features) varied across the maternal education
subgroups; this gradient in access was most striking when examining access to child
friendly public open space. For example, in terms of the percentage of children with
access to a child friendly public open space within 800 m from home, there was a 12- and
16-percentage point difference between children in the highest maternal education group,
and those in the middle and lowest maternal education groups, respectively. A similar
gradient was evident at the 400 m distance threshold.

Similarly, Figure 2 shows a gradient in access to child friendly public open space
across quintiles of neighbourhood disadvantage. For example, in terms of access to a
child friendly public open space within 800 m from home, there was a 12 percentage-point
difference between the least (45.4%) and most (33.3%) disadvantaged neighbourhoods,
with the latter having poorer access. These differences were not just between the most
and least disadvantaged neighbourhoods, but rather, they were illustrative of a gradient
cutting across all five quintiles, where each quintile of disadvantage corresponded with a
step down in the percentage of children with access to child friendly public open space,
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at both the 800 m and 400 m distance thresholds. When examining access within 800 m, a
large percentage of children living in the most disadvantaged neighbourhoods had access
to some type of public open space, but this was more likely to be non-child friendly types
of open space.

Figure 1. Percentages of children within each maternal education subgroup who have access to
public open space within 800 m and 400 m from home along the road network. Children with missing
data on maternal education (n = 16,662) not shown. POS: public open space. Child friendly POS
defined as having both playground and public toilet nearby; non-child friendly POS defined as those
lacking either/both of these child friendly features.

3.3. Associations between Public Open Space and Child Mental Health

Results from the two-level unadjusted logistic regression model (Model A) and the
two-level models adjusted for child- and family level-characteristics only (Model B) and
child-, family-, and neighbourhood-level factors (Model C) are presented for the full capital
cities cohort in Table 2 and Figure 3. Unadjusted associations were in the hypothesised
direction for all exposures and outcomes (i.e., having better public open space access was
associated with lower odds of difficulties and higher odds of competence). Furthermore,
across all public open space exposures and outcomes, unadjusted associations indicated
that children with access to a child friendly public open space had lower odds of difficulties
and higher odds of competence than those who had access to non-child friendly types of
public open space. These associations are attenuated somewhat in Models B and C, which
adjust for different confounder sets. For each of the three mental health outcomes, Models
B and C yielded similar results, meaning that the theoretical assumptions about the nature
of the causal relationship between neighbourhood disadvantage and public open space
access did not have a material impact on the findings.
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Figure 2. Percentages of children within each maternal education subgroup who have access to
public open space (none, non-child friendly, child friendly) within 800 m and 400 m from home along
the road network). Children with missing data on neighbourhood disadvantage (n = 829) not shown.
POS: public open space. Child friendly POS defined as having both playground and public toilet
nearby; non-child friendly POS defined as those lacking either/both of these child friendly features.

Table 2. Associations between public open space access (non-child friendly and child friendly)
and children’s odds of mental health outcomes (externalising, internalising, competence) across
Australia’s eight capital cities.

Model A Model B Model C

OR 95% CrI AOR 95% CrI AOR 95% CrI

Externalising
Non-child friendly POS (800 m) 0.91 (0.86, 0.95) 0.93 (0.88, 0.97) 0.92 (0.87, 0.97)

Child friendly POS (800 m) 0.85 (0.81, 0.89) 0.92 (0.87, 0.96) 0.92 (0.87, 0.97)
Non-child friendly POS (400 m) 0.98 (0.95, 1.00) 0.98 (0.95, 1.00) 0.98 (0.96, 1.01)

Child friendly POS (400 m) 0.94 (0.91, 0.97) 0.98 (0.95, 1.02) 1.00 (0.97, 1.03)

Internalising
Non-child friendly POS (800 m) 0.96 (0.91, 1.01) 0.98 (0.94, 1.04) 0.98 (0.93, 1.04)

Child friendly POS (800 m) 0.90 (0.86, 0.95) 0.96 (0.91, 1.01) 0.97 (0.92, 1.02)
Non-child friendly POS (400 m) 0.99 (0.96, 1.01) 0.99 (0.96, 1.01) 1.00 (0.97, 1.02)

Child friendly POS (400 m) 0.93 (0.90, 0.96) 0.96 (0.93, 0.99) 0.98 (0.95, 1.01)

Competence
Non-child friendly POS (800 m) 1.04 (0.99, 1.10) 1.06 (1.00, 1.12) 1.07 (1.01, 1.12)

Child friendly POS (800 m) 1.14 (1.08, 1.20) 1.11 (1.04, 1.17) 1.10 (1.04, 1.16)
Non-child friendly POS (400 m) 1.02 (1.00, 1.05) 1.03 (1.00, 1.06) 1.02 (0.99, 1.05)

Child friendly POS (400 m) 1.09 (1.05, 1.13) 1.06 (1.02, 1.10) 1.04 (1.00, 1.07)

Notes: Reference group for all models is children in the ‘No access to POS’ group within 800 m, 400 m. Model A:
Unadjusted associations. Model B: Adjusted for maternal education and child demographics (sex, Aboriginal, and
Torres Strait Islander background, language background and proficiency, additional health and education needs)
only. Model C: Adjusted for child- and family-level demographics (Model B) plus neighbourhood disadvantage.
OR: unadjusted odds ratio. AOR: adjusted odds ratio. 95% CrI: 95% credible interval. POS: public open space.
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Figure 3. Unadjusted (Model A) and adjusted (Models B and C) associations (odds ratios and 95%
credible intervals) between public open space exposures and children’s odds of demonstrating
externalising difficulties, internalising difficulties, and high competence. Model A: unadjusted
associations. Model B: adjusted for child’s sex, language background, and English proficiency,
Aboriginal and Torres Strait Islander background, additional health and education needs, and
maternal education. Model C: adjusted for child- and family-level demographics (Model B) plus
neighbourhood disadvantage. For all models, the reference category for public open space exposures
was the no access (none) group.

Across all three outcomes examined, and all three adjustment sets, larger associations
were observed between children’s mental health and public open space access within 800 m,
rather than the 400 m distance threshold. Unadjusted associations indicated that children
with access to public open space had better mental health (lower odds of internalising and
externalising difficulties, and higher odds of competence), and the magnitude of association
was larger if the public open space had child friendly features. Unadjusted associations
were smallest in magnitude for children’s internalising difficulties.

In general, the associations attenuated after adjusting for child-, family-, and neighbourhood-
level factors (Models B and C). For externalising and internalising difficulties, after adjustment,
the association with child friendly public open space was similar to the association with non-child
friendly public open space. For children’s competence, after adjusting for confounders in Models
B and C, results were more suggestive of an additional benefit of child friendly features: the
magnitude of association for child friendly public open space remained slightly larger than the
magnitude of association for non-child friendly public open space within 800 m. This patterning
was similar, though less distinct, at the 400 m distance threshold.

3.4. Effect Modification by Maternal Education

Tables 3 and 4 show the results of the effect modification analysis (i.e., testing whether
associations between public open space exposures and child mental health outcomes
were different in each of the maternal education subgroups). These results are presented
in a tabular format developed by Knol and VanderWeele for presenting the results of
investigations into effect modification [67].
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Table 3. Results from the investigation of effect modification for measures of public open space within 800 m. Based on template developed by Knol and VanderWeele [67].

No POS Non-Child Friendly POS Child Friendly POS AOR (95% CI) within Each
Maternal Education Stratum

N with/without
Outcome

AOR
(95% CrI)

N with/without
Outcome

AOR
(95% CrI)

N with/without
Outcome

AOR
(95% CI)

Non-Child Friendly
POS vs. No POS

Child Friendly
POS vs. No POS

Externalising
Bachelor’s degree or higher 794/1,693 1.0

(Reference) 11,060/25,552 0.93
(0.86, 1.02) 10,327/24,376 0.93

(0.85, 1.02)
0.93

(0.86, 1.02)
0.93

(0.85, 1.02)
High school and/or other

tertiary qualification 1925/3021 1.33
(1.21, 1.48) 19,077/32,076 1.23

(1.12, 1.34) 11,335/18,993 1.25
(1.14, 1.37)

0.92
(0.86, 0.98)

0.94
(0.88, 1.00)

Did not complete high school 573/657 1.70
(1.48, 1.95) 5619/7238 1.51

(1.37, 1.65) 2661/3680 1.40
(1.26, 1.55)

0.89
(0.79, 1.01)

0.83
(0.73, 0.94)

Internalising
Bachelor’s degree or higher 801/1684 1.0

(Reference) 11,214/25,381 0.96
(0.87, 1.06) 10,253/24,444 0.91

(0.84, 1.01)
0.96

(0.87, 1.06)
0.91

(0.84, 1.01)
High school and/or other

tertiary qualification 1771/3174 1.12
(1.01, 1.24) 17,964/33,169 1.08

(0.99, 1.20) 10,582/19,720 1.09
(0.99, 1.20)

0.97
(0.91, 1.03)

0.97
(0.91, 1.04)

Did not complete high school 485/743 1.21
(1.04, 1.41) 5223/7624 1.28

(1.16, 1.42) 2616/3716 1.32
(1.19, 1.47)

1.06
(0.93, 1.20)

1.09
(0.95, 1.24)

Competence
Bachelor’s degree or higher 799/1644 1.0

(Reference) 12,042/23,766 1.06
(0.96, 1.16) 12,051/21,831 1.12

(1.02, 1.24)
1.06

(0.96, 1.16)
1.12

(1.02, 1.24)
High school and/or other

tertiary qualification 1391/3491 0.81
(0.73, 0.91) 14,477/35,512 0.88

(0.80, 0.97) 8671/20,852 0.88
(0.80, 0.97)

1.08
(1.00, 1.16)

1.09
(1.01, 1.17)

Did not complete high school 289/924 0.71
(0.60, 0.83) 2856/9660 0.70

(0.63, 0.78) 1398/4754 0.69
(0.61, 0.77)

0.98
(0.86, 1.12)

0.98
(0.84, 1.13)

Notes: All models adjusted for child’s sex, language background and English proficiency, Aboriginal and Torres Strait Islander background, additional health and education needs,
neighbourhood disadvantage. Adjusted odds ratios and credible intervals presented in the first three columns (titled ‘No POS,’ ‘Non-child friendly POS,’ and ‘Child friendly POS’ were
calculated based on a single reference category: children whose mothers completed a bachelor’s degree or higher and who do not have access to public open space within 800 m from
home. Adjusted odds ratios presented in the last two columns (titled ‘AOR (95% CrI) within each education level’) were calculated separately for each maternal education group, with
distinct reference categories (i.e., children who do not have access) for each maternal education group. AOR adjusted odds ratio. 95% CrI 95% credible interval. POS public open space.
Measures of effect modification: all measures of effect modification were calculated as a ratio of odds ratios (multiplicative scale), with the denominator being the odds ratio for the
highest maternal education group (bachelor’s degree or higher). Measures of effect modification: externalising difficulties. Non-child friendly POS and middle maternal education group
(high school and/or other tertiary qualification): 0.99 (95% CrI: 0.88–1.09). Child friendly POS and middle maternal education group: 1.01 (95% CrI: 0.90–1.12). Non-child friendly POS
and lowest maternal education group (did not complete high school): 0.95 (95% CrI: 0.82–1.10). Child friendly POS and lowest maternal education group: 0.89 (95% CrI: 0.76–1.03).
Measures of effect modification: internalising difficulties. Non-child friendly POS and middle maternal education group: 1.02 (95% CrI: 0.91–1.13). Child friendly POS and middle maternal
education group: 1.07 (95% CrI: 0.95–1.19). Non-child friendly POS and lowest maternal education group: 1.11 (95% CrI: 0.95–1.30). Child friendly POS and lowest maternal education
group: 1.19 (95% CrI: 1.01–1.41). Measures of effect modification: competence. Non-child friendly POS and middle maternal education group: 1.03 (95% CrI: 0.91–1.15). Child friendly POS
and middle maternal education group: 0.97 (95% CrI: 0.86–1.09). Non-child friendly POS and lowest maternal education group: 0.94 (95% CrI: 0.79–1.12). Child friendly POS and lowest
maternal education group: 0.87 (95% CrI: 0.73–1.03).
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Table 4. Results from investigation of effect modification for measures of public open space within 400 m. Based on template developed by Knol and VanderWeele [67].

No POS Non-Child Friendly POS Child Friendly POS AOR (95% CI) within Each
Education Stratum

N with/without
Outcome

AOR
(95% CI)

N with/without
Outcome

AOR
(95% CI)

N with/without
Outcome

AOR
(95% CI)

Non-Child Friendly
POS vs. No POS

Child Friendly
POS vs. No POS

Externalising
Bachelor’s degree or higher 4934/11,485 1.0

(Reference) 12,451/29,016 1.00
(0.96, 1.04) 4796/11,120 1.02

(0.97, 1.07)
1.00

(0.96, 1.04)
1.02

(0.97, 1.07)
High school and/or other

tertiary qualification 8261/13,585 1.35
(1.29, 1.42) 18,937/31,946 1.31

(1.26, 1.37) 5139/8559 1.35
(1.28, 1.42)

0.97
(0.94, 1.01)

1.00
(0.95, 1.05)

Did not complete high school 2373/3020 1.60
(1.49, 1.71) 5316/6925 1.61

(1.52, 1.70) 1164/1630 1.48
(1.35, 1.62)

1.01
(0.94, 1.08)

0.93
(0.83, 1.03)

Internalising
Bachelor’s degree or higher 4990/11,421 1.0

(Reference) 12,606/28,850 1.01
(0.97, 1.05) 4672/11,238 0.97

(0.92, 1.02)
1.01

(0.97, 1.05)
0.97

(0.92, 1.02)
High school and/or other

tertiary qualification 7725/14,112 1.17
(1.12, 1.22) 17,849/33,011 1.15

(1.11, 1.20) 4743/8940 1.14
(1.09, 1.20)

0.99
(0.95, 1.02)

0.98
(0.93, 1.03)

Did not complete high school 2194/3191 1.35
(1.26, 1.45) 4956/7275 1.36

(1.29, 1.43) 1174/1617 1.44
(1.32, 1.57)

1.00
(0.94, 1.08)

1.07
(0.97, 1.17)

Competence
Bachelor’s degree or higher 5521/10,529 1.0

(Reference) 13,916/26,632 1.01
(0.97, 1.05) 5455/10,080 1.01

(0.97, 1.05)
1.01

(0.97, 1.05)
1.01

(0.97, 1.05)
High school and/or other

tertiary qualification 6090/15,298 0.79
(0.75, 0.82) 14,466/35,185 0.82

(0.79, 0.86) 3983/9372 0.84
(0.79, 0.89)

1.04
(1.00, 1.08)

1.06
(1.01, 1.12)

Did not complete high school 1195/4078 0.65
(0.60, 0.71) 2722/9176 0.65

(0.61, 0.69) 626/2084 0.65
(0.58, 0.71)

1.00
(0.91, 1.08)

0.99
(0.88, 1.11)

Notes: All models adjusted for child’s sex, language background and English proficiency, Aboriginal and Torres Strait Islander background, additional health and education needs,
neighbourhood disadvantage. Adjusted odds ratios and credible intervals presented in the first three columns (titled ‘No POS,’ ‘Non-child friendly POS,’ and ‘Child friendly POS’ were
calculated based on a single reference category: children whose mothers completed a bachelor’s degree or higher and who do not have access to public open space within 400 m from
home. Adjusted odds ratios presented in the last two columns (titled ‘AOR (95% CrI) within each education level’) were calculated separately for each maternal education group, with
distinct reference categories (i.e., children who do not have access) for each maternal education group. AOR adjusted odds ratio. 95% CrI 95% credible interval. POS public open space.
Measures of effect modification: all measures of effect modification were calculated as a ratio of odds ratios (multiplicative scale), with the denominator being the odds ratio for the
highest maternal education group (bachelor’s degree or higher). Measures of effect modification: externalising difficulties. Non-child friendly POS and middle maternal education group
(high school and/or other tertiary qualification): 0.97 (95% CrI: 0.92–1.03). Child friendly POS and middle maternal education group: 0.98 (95% CrI: 0.91–1.05). Non-child friendly POS
and lowest maternal education group (Did not complete high school): 1.01 (95% CrI: 0.93–1.09). Child friendly POS and lowest maternal education group: 0.91 (95% CrI: 0.81–1.02).
Measures of effect modification: internalising difficulties. Non-child friendly POS and middle maternal education group: 0.98 (95% CrI: 0.93–1.03). Child friendly POS and middle maternal
education group: 1.02 (95% CrI: 0.95–1.09). Non-child friendly POS and lowest maternal education group: 1.00 (95% CrI: 0.92–1.08). Child friendly POS and lowest maternal education
group: 1.10 (95% CrI: 0.99–1.23). Measures of effect modification: competence. Non-child friendly POS and middle maternal education group: 1.03 (95% CrI: 0.98–1.09). Child friendly POS
and middle maternal education group: 1.05 (95% CrI: 0.97–1.12). Non-child friendly POS and lowest maternal education group: 0.99 (95% CrI: 0.90–1.09). Child friendly POS and lowest
maternal education group: 0.97 (95% CrI: 0.85–1.10).
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Overall, there was weak-to-moderate evidence of effect modification by maternal
education on the association between children’s mental health and access to public open
space. Looking across all three mental health outcomes and each of the public open space
exposure measures, differences in the magnitude or direction of association were most
evident for children in the lowest maternal education group than for those in the middle
group, and when examining access to child friendly public open space (rather than access
to non-child friendly public open space). In some instances, associations appeared larger
for children in the lowest education group, whereas in other instances, the associations
were smaller or in the opposite-than-anticipated direction for this group of children.

Regarding children’s externalising difficulties, stratum-specific adjusted odds ratios
provided weak-to-moderate evidence that children in the lowest maternal education group
may especially benefit (i.e., larger magnitude of protective association) from living within
800 m of child friendly public open space, compared with their peers from the middle and
high education groups who had child friendly public open space access. This aligned with
the hypothesised patterning of effect modification. For example, children in the lowest
maternal education group had 17% lower odds of demonstrating externalising difficulties
(stratum-specific AOR: 0.83; 95% CrI: 0.73–0.94) if they had access to a child friendly public
open space within 800 m, versus no access to public open space. In the middle and highest
maternal education groups, the association appeared to be smaller, with children having 6%
(stratum-specific AOR: 0.94; 95% CrI: 0.88–1.00) and 7% (stratum-specific AOR: 0.93; 95%
CrI: 0.85–1.02) reduced odds of externalising difficulties, respectively, if they had access
to a child friendly public open space within 800 m, compared with no access to public
open space. The measure of effect modification for the lowest maternal education group
with access to child friendly public open space provided weak-to-moderate evidence to
support this (ratio of odds ratios: 0.89; 95% CrI: 0.76–1.03). A somewhat similar pattern was
observed for externalising difficulties and public open space access at the 400 m distance
threshold; however, stratum-specific measures of association (and their credible intervals)
between externalising difficulties and each of the public open space exposures at 400 m
were consistent with no association within all maternal education groups.

In terms of children’s internalising difficulties and competence, there was weaker
evidence of effect modification, and this patterning was in the opposite-than-anticipated
direction for internalising difficulties. Children in the lowest maternal education group
were observed to have higher likelihood of internalising difficulties if they lived within
800 m of child friendly public open space (stratum-specific AOR: 1.10; 95% CrI: 0.95–1.25)
compared with those without access to public open space, whereas their peers in the
middle and highest education groups had a lower likelihood of demonstrating internalising
difficulties if they had access, compared with those who did not (stratum-specific AORs:
0.97 and 0.91, respectively). The measure of effect modification for the lowest maternal
education group with access to child friendly public open space within 800 m provided
weak-to-moderate evidence to support this (ratio of odds ratios: 1.19; 95% CrI: 1.01–1.41)
and similar patterning was observed for public open space access within 400 m. For
children’s competence, results showed that children in the middle and highest maternal
education groups who had access to either type of public open space within 800 m had
higher odds of demonstrating high competence than those who did not have access to any
public open space (stratum-specific AORs ranging from 1.06 to 1.12); however, children in
the lowest maternal education group who lived within 800 m of these spaces did not appear
to receive the same benefit (stratum-specific AORs of 0.98 for both non-child friendly and
child friendly public open space). The measure of effect modification for the lowest maternal
education group with access to child friendly public open space provided weak-to-moderate
evidence to support this patterning (ratio of odds ratios: 0.87; 95% CrI: 0.73–1.03). At the
400 m distance threshold, however, results generally appeared similar across the maternal
education groups (consistent with no association), with small associations observed in the
middle education group only (AORs: 1.04 and 1.06 for non-child friendly and child friendly
public open space access, respectively).
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4. Discussion

This study examined associations between multiple measures of public open space
access, including quality-related measures, and a comprehensive assessment of children’s
mental health (internalising difficulties, externalising difficulties, and competence) across a
population of over 150,000 school-entry aged children residing in Australia’s eight capital
cities. We also examined how access to, and quality of, public open space is distributed
along subgroups of children.

4.1. Inequities in Access to Public Open Space across Capital Cities Cohort

Our results indicate that access to child friendly public open space is not randomly
distributed, but follows a social gradient, cutting across both family socioeconomic position
(maternal education) and neighbourhood disadvantage quintiles. With each step up in
neighbourhood disadvantage (or each step down in maternal education), the percentage
of children with access to child friendly (i.e., having both a playground and public toilet
nearby) public open space within the specified distances was incrementally lower. This
inequitable distribution aligns with previous Australian findings [31]. Furthermore, we
found evidence that Aboriginal and Torres Strait Islander children were over-represented in
the group without access to child friendly public open space within 800 m. These differences
represent systemic inequities in provision of health-supporting resources. Addressing these
inequities should be prioritised as part of Australia’s commitments to the UN Convention
on the Rights of the Child and the Sustainable Development Goals, which call for access to
green and public spaces for all (Goal 11, target 7) [68].

It is likely that the social gradient in public open space access and quality relates
to the spatial distribution of disadvantage across cities, which is influenced by housing
(un)affordability and processes like gentrification [69]. For example, in Australia’s cap-
ital cities, there is a shortage of affordable housing located in the inner ring; as a result,
families facing socioeconomic disadvantage tend to be overrepresented in two types of
neighbourhoods: ageing, middle ring higher-density neighbourhoods, and low-density
outer suburban neighbourhoods [70]. Public open space provision may also drive increases
in property values and housing costs, leading to gentrification and the displacement of
families facing socioeconomic disadvantage [71,72]. Understanding how these processes
are unfolding in Australian cities will be critical to informing strategies to improve urban
liveability. For example, some advocate for making cities ‘just green enough’ without
exacerbating gentrification [33]. Recent scholarship on the liveability of Australia’s cities
calls for action across several domains, including improving housing affordability as well
as access to high-quality public open space [44].

4.2. Public Open Space Access as a Protective and Promotive Factor

At a national level, we found evidence of protective associations between public open
space access and the development of mental health difficulties in this capital cities cohort.
Our analysis found that access to public open space was associated with lower odds of
externalising difficulties, and marginally lower odds of internalising difficulties, in the early
years. This aligns with findings from previous studies conducted in Australia, as well as
North American and European studies [23,73–75]. The national pooled estimates indicated
a similar benefit for public open space with child friendly features and public open space
of other types. Other Australian studies focusing on the city of Perth have observed that
access to public open space of higher quality or attractiveness appears more important to
children’s early social development than access to public open space in general, whereas no
association was detected with emotional development [24,37]. The difference in findings
may be due to the use of outcomes which capture somewhat different aspects of mental
health difficulties (i.e., vulnerability in social competence and emotional maturity) or the
different measure of public open space quality (park attractiveness score).

We also found some evidence of an association between public open space access
and children’s competence, suggesting this exposure may also be a promotive factor
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(i.e., promoting optimal mental health, beyond the prevention of difficulties). Nationally,
the association was larger in magnitude for public open space with child friendly features
than for those lacking these features. This finding was consistent with the theoretical fram-
ing of this study, which hypothesised that access to child friendly public open space with
features that support extended use by families provides a key neighbourhood opportunity
for skill-building and socialisation during early years. It adds to the growing evidence base
concerning the importance of public open space for building children’s competence [26],
and the importance of public open space quality, in particular [23,24], for promoting mental
health during early years.

Our results showed larger magnitudes of association between child mental health
and public open space access when access was defined using the larger distance threshold
of 800 m. Previous studies testing associations between health outcomes and the built
environment using multiple distance thresholds have also noted larger effect sizes for larger
distances [76]. The stratified analysis also showed greater consistency of associations when
access was defined using 800 m as a threshold. This supports the notion that families in
Australia’s capital cities may be willing to travel further distances, even when children are
young, to reach more desirable destinations.

4.3. For Whom Does Access Matter Most? Associations within Maternal Education Groups

Overall, we found weak-to-moderate evidence of effect modification across the ma-
ternal education groups, which suggests that access matters similarly for all children, but
more research in this area is needed to clarify the nature of these associations. The results
here partly align with findings from two previous studies from Lithuania and the United
Kingdom, respectively, which observed that for children in the lowest maternal education
group, living closer to public open space [77] or in areas with a higher percentage of natural
space [78] was associated with fewer externalising difficulties; however, these same studies
found that these measures of public open space were also associated with more prosocial
behaviour, in contrast with the results here. Our results suggested that children in the
lowest maternal education subgroup did not benefit as much from public open space access
in terms of their competence, as compared with children in the middle and high maternal
education subgroups. Our results also contrast with a previous study from the United
Kingdom that found that children in the lowest socioeconomic group, living in areas with
a higher percentage of green space, was associated with fewer internalising difficulties [79],
whereas the results here found opposite-than-anticipated association with higher odds of
internalising difficulties for this subgroup of children.

These conflicting findings could be due to several potential reasons, including different
outcome measures used (e.g., prosocial behaviour, versus our multidimensional measure of
competence), the studies being conducted in different countries, or other contextual factors.
There may be additional quality features of public open space, beyond those measured
here, that matter for building competence (e.g., the quality of play equipment and extent
to which it facilitates risk-taking and creative play) and reducing odds of internalising
difficulties (e.g., natural elements such as trees and water features). It is also likely that
other neighbourhood-level factors (e.g., perceptions of neighbourhood safety) intersect
with public open space quality to influence families’ likelihood of using these spaces, as
well as the level of social activity in these spaces (and by extension, the opportunities for
social interaction and skill-building). Finally, the divergent findings could be the result of
unmeasured confounding in the present study, given that we were not able to account for
other aspects of socioeconomic position (e.g., income) which may impact on where families
live, independently of maternal education.

4.4. Similarities and Differences between Distinct Capital Cities

Although the national results were illustrative of a social gradient in public open
space access across neighbourhood disadvantage quintiles, we found that in some cities
the relationship between neighbourhood disadvantage and public open space access was
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less straightforward. It is possible that other contextual factors, such as the urban form,
location of (un)affordable housing in relation to the city centre, or city size also play into
the neighbourhood disadvantage—public open space access relationship in different ways
for each capital city.

4.5. Strengths of This Study

A major strength of this study is its use of a unique population dataset, the AEDC-BE
dataset, which is inclusive of all children entering the first year of school in Australia’s
capital cities, reducing potential for selection bias which is particularly critical given the
focus on children from disadvantaged backgrounds who are otherwise typically underrep-
resented in samples. The AEDC-BE dataset includes valuable information about children’s
socioeconomic and demographic backgrounds and neighbourhood environments. To our
knowledge, this is the first time such a linked population dataset has been made available
internationally. Furthermore, the use of validated, theoretically established measures of
competence, externalising, and internalising difficulties [7,10,35,36] was a key strength to
reduce measurement bias.

4.6. Limitations

The results of this study should be viewed in the light of some limitations. We the-
orised a causal relationship between access to child friendly public open space and early
childhood mental health, but there are limitations to the extent to which our results can
provide evidence of this. For example, this study was a cross-sectional analysis (i.e., data
taken from a single time point), so we cannot rule out reverse causation (where families’
places of residence are determined in part by their child’s experience of mental health
difficulties or competence, which can impact on family resources available for housing, for
example via treatment costs and caregivers’ capacity to work). Despite the inclusion of im-
portant demographics, our analysis was not able to account for certain family-level factors
(e.g., caregivers’ mental health, parenting styles and practices), caregivers’ perceptions of
neighbourhood safety, or information on families’ actual usage of public open space. In
addition, maternal education is only one aspect of family socioeconomic position, which
is a multidimensional construct and includes other factors like household income [80].
These unmeasured factors—and those pertaining to family socioeconomic positions in
particular—are likely to be important sources of confounding of the relationship between
public open space access and child mental health. It is possible that our results overestimate
the true magnitude of association, given the inequitable patterning of public open space
access and known impacts of socioeconomic position on mental health. This study used an
administrative geographic unit (SA1) to measure the concept of neighbourhood disadvan-
tage, which may not necessarily align with time spent in the neighbourhood (for further
discussion of this issue, see works by Kwan [81] and Laatikainen and colleagues [82]).
This may introduce bias through measurement error, leading to an underestimation of the
true magnitude of confounding by neighbourhood disadvantage. Finally, our definition of
public open space quality was based on qualitative research conducted with families with
young children across Australia [17], who stressed these two features (playground and
public toilet) were critical determinants of families’ usage of these spaces; however, there
are likely other quality features that further encourage use of these public open spaces, such
as vegetation and tree coverage, amenities, and safety. Future research could more deeply
explore the features that encourage or determine families’ use of these spaces using both
quantitative and qualitative techniques to inform more child- and family-centred urban
planning and design guidelines.

4.7. Implications and Directions for Future Research

Our findings represent a first look at how public open space access and child friendli-
ness across Australia’s capital cities relates to children’s mental health in their early years.
Although our findings in the unadjusted analyses were consistent with the hypothesised
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direction across all outcomes and for both public open space exposure groups, the strati-
fied analyses revealed some variation across cities (particularly around how public open
space relates to neighbourhood disadvantage) that requires further unpacking. Several
directions for future research are needed to enhance understandings of how public open
space relates to young children’s mental health. First, future quantitative analyses drawing
on longitudinal data, ideally with detailed information on families’ socioeconomic circum-
stances, will be critical to unpacking the causal relationships between disadvantage, public
open space access and quality, and children’s mental health in distinct Australian cities as
well as internationally. As mentioned earlier, research on factors influencing public open
space use and quality aspects relevant to families with young children will be important
for triangulating findings. In particular, qualitative studies are needed that focus on the
neighbourhood features that might promote young children’s competence, specifically, and
especially among families experiencing disadvantage. Lastly, urban scholarship unpacking
the processes of gentrification and housing (un)affordability, and how this relates to the
distribution of child friendly public open space in diverse Australian cities and towns, will
be important to informing urban planning and policy responses and redressing inequities.

5. Conclusions

This study examined access to and quality of public open space and young children’s
mental health across eight Australian capital cities using a unique population linked dataset,
the Australian Early Development Census—Built Environment. A gradient in access to
child friendly public open space was detected, with children facing disadvantage having
incrementally poorer access with each step down the socioeconomic ladder. This is of
concern, given that children with access to public open space close to home were also found
to have a lower likelihood of demonstrating externalising and internalising difficulties and
higher likelihood of demonstrating competence. Furthermore, we found weak-to-moderate
evidence that these associations might be different in children from lower socioeconomic
backgrounds. Further research is needed to clarify these potential differences, including
qualitative research with children and families into the factors influencing public open space
use and the quality features most salient for building children’s competence. Addressing
inequities in child mental health requires multisectoral action. Together, findings from this
study suggest that reducing inequities in access to neighbourhood resources, including
child friendly public open space, should be included as part of a multifaceted strategy to
improve mental health in early childhood.

Supplementary Materials: The following supporting information can be downloaded at: https:
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open space access group (none, non-child friendly, or child friendly public open space within 800 m,
400 m from child’s home), Table S7: Hobart cohort characteristics and demographic characteristics of
children in each public open space access group (none, non-child friendly, or child friendly public
open space within 800 m, 400 m from child’s home), Table S8: Melbourne cohort characteristics and
demographic characteristics of children in each public open space access group (none, non-child
friendly, or child friendly public open space within 800 m, 400 m from child’s home), Table S9: Perth
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https://www.mdpi.com/article/10.3390/ijerph19116780/s1
https://www.mdpi.com/article/10.3390/ijerph19116780/s1


Int. J. Environ. Res. Public Health 2022, 19, 6780 21 of 25

home), Table S10: Sydney cohort characteristics and demographic characteristics of children in each
public open space access group (none, non-child friendly, or child friendly public open space within
800 m, 400 m from child’s home).

Author Contributions: Conceptualization, A.A., M.O., H.B., L.G., C.B. and K.V.; methodology, A.A.,
M.O., H.B., L.G., C.B. and K.V.; formal analysis, A.A.; data curation, K.V., H.B. and A.A.; writing—
original draft preparation, A.A.; writing—review and editing, A.A., M.O., H.B., L.G., C.B. and K.V.;
supervision, K.V., M.O., H.B., L.G. and C.B. All authors have read and agreed to the published version
of the manuscript.

Funding: The initial work assembling and piloting the linked dataset of built environment measures
to the 2015 Australian Early Development Census was funded by the Australian Government
Department of Social Services (4-4FE66UX) and the Bernard van Leer Foundation Urban95 Challenge
(AUS-2017-041-U95C). The Australian Government Department of Education and Training provided
further funding for pilot testing the linked AEDC-BE dataset (PPT2-19-26). The Australian Institute
for Family Studies (AIFS) linked the spatial built environment measures to the 2015 Australian Early
Development Census. The National Liveability Study database used in this study was developed by
RMIT’s Healthy Liveable Cities Group (now Lab) supported by grants from the NHMRC funded
Australian Prevention Partnership Centre (#GNT9100003), the Clean Air and Urban Landscapes Hub
funded by the Australian Government’s National Environmental Science Program, and an NHMRC
Centre for Research Excellence in Healthy Liveable Communities (#1061404). Hannah Badland is
supported by an RMIT University Vice Chancellor’s Senior Research Fellowship. Amanda Alderton
is supported by an Australian Government Research Training Program (RTP) Scholarship. Lucy
Gunn is supported by the RMIT University Enabling Capability Platform Opportunity Fund and the
NHMRC funded Australian Prevention Partnership Centre (#9100001).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Royal Children’s Hospital Human Research Ethics Com-
mittee (#30016) and RMIT University Human Research Ethics Committee (#20749). Approvals were
also obtained from the AEDC data custodians—Australian Government Department of Education,
Skills and Employment (DESE) through the Social Research Centre (180130C), and the authorised
data linkage agency (Australian Institute of Family Studies, AIFS). A memorandum of understanding
between AIFS and DESE was also undertaken.

Informed Consent Statement: Participant consent was waived due to the following reasons out-lined
in the (Australian) National Health and Medical Research Council (NHMRC) National Statement
on Ethical Conduct in Human Research: (1) no suitable alternatives involving fuller disclosure; an
opt-out approach is not feasible and obtaining explicit consent is neither practical nor feasible given
the scale of the project; (2) participants will not be exposed to an increased risk of harm as a result
of this study and results will be reported as aggregated data; (3) the research is considered low-risk
and limited disclosure is unlikely to affect participants adversely; and (4) potential benefits of the
research are sufficient to justify any risk of harm associated with not seeking consent. This research
is well aligned with the global and Australian agendas on building healthy, liveable and ‘child
friendly’ cities. As such, appropriate ways to explore associations between neighbourhood-built
environments and early childhood outcomes are required to provide an evidence base that supports
which neighbourhood characteristics make a difference.

Data Availability Statement: The linked AEDC-BE dataset may be available for research purposes
pending appropriate data use approvals from the Human Research Ethics Committee, data custodians,
and research team. For more information, please contact: hannah.badland@rmit.edu.au.

Acknowledgments: We gratefully acknowledge RMIT University geospatial team, particularly
Carl Higgs for his involvement in the conceptualisation and development of spatial (public open
space) measures in the AEDC-BE dataset. We are very grateful to Gavin Turrell (RMIT University)
and Sharon Goldfeld (Murdoch Children’s Research Institute, Royal Children’s Hospital) for their
invaluable advice. We thank the Social Research Centre for providing in-kind support to provide the
2015 AEDC data for the linkage and review of this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Environ. Res. Public Health 2022, 19, 6780 22 of 25

Disclaimer: This study uses data from the 2015 Australian Early Development Census (AEDC). The
AEDC is funded by the Australian Government Department of Education, Skills and Employment.
The findings and views reported here are those of the authors and should not be attributed to the
Department or the Australian Government.

References
1. Kieling, C.; Baker-Henningham, H.; Belfer, M.; Conti, G.; Ertem, I.; Omigbodun, O.; Rohde, L.A.; Srinath, S.; Ulkuer, N.; Rahman,

A. Child and adolescent mental health worldwide: Evidence for action. Lancet 2011, 378, 1515–1525. [CrossRef]
2. Belfer, M.L. Child and adolescent mental disorders: The magnitude of the problem across the globe Allied Discip. J. Child Psychol.

Psychiatry 2008, 49, 226–236. [CrossRef] [PubMed]
3. Bayer, J.K.; Ukoumunne, O.C.; Lucas, N.; Wake, M.; Scalzo, K.; Nicholson, J.M. Risk Factors for Childhood Mental Health

Symptoms: National Longitudinal Study of Australian Children. Pediatrics 2011, 128, e865–e879. [CrossRef] [PubMed]
4. Black, M.M.; Walker, S.P.; Fernald, L.C.H.; Andersen, C.T.; DiGirolamo, A.M.; Lu, C.; McCoy, D.C.; Fink, G.; Shawar, Y.R.;

Shiffman, J.; et al. Early childhood development coming of age: Science through the life course. Lancet 2017, 389, 77–90. [CrossRef]
5. World Health Organization. Promoting Mental Health: Concepts, Emerging Evidence, Practice. Summary Report of the World Health

Organization; World Health Organization: Geneva, Switzerland, 2004.
6. Bornstein, M.H.; Hahn, C.-S.; Haynes, O.M. Social competence, externalizing, and internalizing behavioral adjustment from early

childhood through early adolescence: Developmental cascades. Dev. Psychopathol. 2010, 22, 717–735. [CrossRef]
7. Kvalsvig, A.; O’Connor, M.; Redmond, G.; Goldfeld, S. The unknown citizen: Epidemiological challenges in child mental health.

J. Epidemiol. Community Health 2014, 68, 1004–1008. [CrossRef]
8. O’Connor, M.; Arnup, S.J.; Mensah, F.; Olsson, C.; Goldfeld, S.; Viner, R.M.; Hope, S. Natural history of mental health competence

from childhood to adolescence. J. Epidemiol. Community Health 2021, 76, 133–139. [CrossRef]
9. Masten, A.; Curtis, W.J. Integrating competence and psychopathology: Pathways toward a comprehensive science of adaptation

in development. Dev. Psychopathol. 2000, 12, 529–550. [CrossRef]
10. O’Connor, E.; O’Connor, M.; Gray, S.; Goldfeld, S. Profiles of Mental Health Competence and Difficulties as Predictors of

Children’s Early Learning. Sch. Ment. Health 2018, 10, 402–416. [CrossRef]
11. O’Connor, M.; Cloney, D.; Kvalsvig, A.; Goldfeld, S. Positive Mental Health and Academic Achievement in Elementary School:

New Evidence From a Matching Analysis. Educ. Res. 2019, 48, 205–216. [CrossRef]
12. Bronfenbrenner, U. The Bioecological Theory of Human Development. In Making Human Beings Human: Bioecological Perspectives

on Human Development; Bronfenbrenner, U., Ed.; Sage Publications: Thousand Oaks, CA, USA, 2005.
13. Leventhal, T.; Brooks-Gunn, J. The neighborhoods they live in: The effects of neighborhood residence on child and adolescent

outcomes. Psychol. Bull. 2000, 126, 309–337. [CrossRef]
14. Minh, A.; Muhajarine, N.; Janus, M.; Brownell, M.; Guhn, M. A review of neighborhood effects and early child development:

How, where, and for whom, do neighborhoods matter? Health Place 2017, 46, 155–174. [CrossRef]
15. Chang, L.-Y.; Wang, M.-Y.; Tsai, P.-S. Neighborhood disadvantage and physical aggression in children and adolescents: A

systematic review and meta-analysis of multilevel studies. Aggress. Behav. 2016, 42, 441–454. [CrossRef]
16. Villanueva, K.; Badland, H.; Kvalsvig, A.; O’Connor, M.; Christian, H.E.; Woolcock, G.; Giles-Corti, B.; Goldfeld, S. Can the

neighborhood built environment make a difference in children’s development? Building the research agenda to create evidence
for place-based children’s policy. Acad. Pediatrics 2016, 16, 10–19. [CrossRef]

17. Goldfeld, S.; Villanueva, K.; Lee, J.; Robinson, R.; Moriarty, A.; Peel, D.; Tanton, R.; Giles-Corti, B.; Woolcock, G.; Brinkman,
S.; et al. Foundational Community Factors (FCFs) for Early Child Development: A Report on the Kids in Communities
Study. 2018. Available online: https://www.mcri.edu.au/research/projects/kids-communities-kics-3/publications (accessed on
28 March 2022).

18. Markevych, I.; Schoierer, J.; Hartig, T.; Chudnovsky, A.; Hystad, P.; Dzambov, A.M.; Devries, S.; Triguero-Mas, M.; Brauer, M.;
Nieuwenhuijsen, M.; et al. Exploring pathways linking green-space to health: Theoretical and methodological guidance. Environ.
Res. 2017, 158, 301–317. [CrossRef]

19. Feng, X.; Astell-Burt, T. The relationship between neighbourhood green space and child mental wellbeing depends upon whom
you ask: Multilevel evidence from 3083 children aged 12–13 years. Int. J. Environ. Res. Public Health 2017, 14, 235. [CrossRef]

20. Faber Taylor, A.; Kuo, F.E. Children with attention deficits concentrate better after a walk in the park. J. Atten. Disord. 2009,
12, 402–409. [CrossRef]

21. Dadvand, P.; Nieuwenhuijsen, M.J.; Esnaola, M.; Forns, J.; Basagaña, X.; Alvarez-Pedrerol, M.; Rivas, I.; López-Vicente, M.; De
Castro Pascual, M.; Su, J.; et al. Green spaces and cognitive development in primary schoolchildren. Proc. Natl. Acad. Sci. USA
2015, 112, 7937–7942. [CrossRef]

22. Markevych, I.; Tiesler, C.M.; Fuertes, E.; Romanos, M.; Dadvand, P.; Nieuwenhuijsen, M.J.; Berdel, D.; Koletzko, S.; Heinrich, J.
Access to urban green spaces and behavioural problems in children: Results from the GINIplus and LISAplus studies. Environ.
Int. 2014, 71, 29–35. [CrossRef]

23. Feng, X.; Astell-Burt, T. Residential Green Space Quantity and Quality and Child Wellbeing: A Longitudinal Study. Am. J. Prev.
Med. 2017, 53, 616–624. [CrossRef]

http://doi.org/10.1016/S0140-6736(11)60827-1
http://doi.org/10.1111/j.1469-7610.2007.01855.x
http://www.ncbi.nlm.nih.gov/pubmed/18221350
http://doi.org/10.1542/peds.2011-0491
http://www.ncbi.nlm.nih.gov/pubmed/21890824
http://doi.org/10.1016/S0140-6736(16)31389-7
http://doi.org/10.1017/S0954579410000416
http://doi.org/10.1136/jech-2013-203712
http://doi.org/10.1136/jech-2021-216761
http://doi.org/10.1017/S095457940000314X
http://doi.org/10.1007/s12310-018-9252-9
http://doi.org/10.3102/0013189X19848724
http://doi.org/10.1037/0033-2909.126.2.309
http://doi.org/10.1016/j.healthplace.2017.04.012
http://doi.org/10.1002/ab.21641
http://doi.org/10.1016/j.acap.2015.09.006
https://www.mcri.edu.au/research/projects/kids-communities-kics-3/publications
http://doi.org/10.1016/j.envres.2017.06.028
http://doi.org/10.3390/ijerph14030235
http://doi.org/10.1177/1087054708323000
http://doi.org/10.1073/pnas.1503402112
http://doi.org/10.1016/j.envint.2014.06.002
http://doi.org/10.1016/j.amepre.2017.06.035


Int. J. Environ. Res. Public Health 2022, 19, 6780 23 of 25

24. Bell, M.F.; Turrell, G.; Beesley, B.; Boruff, B.; Trapp, G.; Zubrick, S.R.; Christian, H.E. Children’s neighbourhood physical
environment and early development: An individual child level linked data study. J. Epidemiol. Community Health 2020, 74, 321–329.
[CrossRef]

25. McEachan, R.R.C.; Yang, T.C.; Roberts, H.; Pickett, K.E.; Arseneau-Powell, D.; Gidlow, C.J.; Wright, J.; Nieuwenhuijsen, M.
Availability, use of, and satisfaction with green space, and children’s mental wellbeing at age 4 years in a multicultural, deprived,
urban area: Results from the Born in Bradford cohort study. Lancet Planet. Health 2018, 2, e244–e254. [CrossRef]

26. Alderton, A.; Villanueva, K.; O’Connor, M.; Boulangé, C.; Badland, H. Reducing inequities in early childhood mental health:
How might the neighborhood built environment help close the gap? A systematic search and critical review. Int. J. Environ. Res.
Public Health 2019, 16, 1516. [CrossRef]

27. Nordbø, E.C.A.; Nordh, H.; Raanaas, R.K.; Aamodt, G. GIS-derived measures of the built environment determinants of mental
health and activity participation in childhood and adolescence: A systematic review. Landsc. Urban Plan. 2018, 177, 19–37.
[CrossRef]

28. Francis, J.; Wood, L.J.; Knuiman, M.; Giles-Corti, B. Quality or quantity? Exploring the relationship between Public Open Space
attributes and mental health in Perth, Western Australia. Soc. Sci. Med. 2012, 74, 1570–1577. [CrossRef]

29. Wood, L.; Hooper, P.; Foster, S.; Bull, F. Public green spaces and positive mental health—Investigating the relationship between
access, quantity and types of parks and mental wellbeing. Health Place 2017, 48, 63–71. [CrossRef] [PubMed]

30. Galster, G.C. The mechanism(s) of neighbourhood effects: Theory, evidence, and policy implications. In Neighbourhood Effects
Research: New Perspectives; Van Ham, M., Manley, D., Bailey, N., Simpson, L., Maclennan, D., Eds.; Springer: Dordrecht,
The Netherands, 2012.

31. Astell-Burt, T.; Feng, X.; Mavoa, S.; Badland, H.M.; Giles-Corti, B. Do low-income neighbourhoods have the least green space? A
cross-sectional study of Australia’s most populous cities. BMC Public Health 2014, 14, 292. [CrossRef]

32. Crawford, D.; Timperio, A.; Giles-Corti, B.; Ball, K.; Hume, C.; Roberts, R.; Andrianopoulos, N.; Salmon, J. Do features of public
open spaces vary according to neighbourhood socio-economic status? Health Place 2008, 14, 889–893. [CrossRef] [PubMed]

33. Wolch, J.R.; Byrne, J.; Newell, J.P. Urban green space, public health, and environmental justice: The challenge of making cities
‘just green enough’. Landsc. Urban Plan. 2014, 125, 234–244. [CrossRef]

34. Reiss, F. Socioeconomic inequalities and mental health problems in children and adolescents: A systematic review. Soc. Sci. Med.
2013, 90, 24–31. [CrossRef] [PubMed]

35. Goldfeld, S.; Kvalsvig, A.; Incledon, E.; O’Connor, M. Epidemiology of positive mental health in a national census of children at
school entry. J. Epidemiol. Community Health 2017, 71, 225–231. [CrossRef]

36. Goldfeld, S.; Kvalsvig, A.; Incledon, E.; O’Connor, M.; Mensah, F. Predictors of mental health competence in a population cohort
of Australian children. J. Epidemiol. Community Health 2014, 68, 431–437. [CrossRef]

37. Christian, H.E.; Ball, S.J.; Zubrick, S.R.; Brinkman, S.; Turrell, G.; Boruff, B.; Foster, S. Relationship between the neighbourhood
built environment and early child development. Health Place 2017, 48, 90–101. [CrossRef]

38. Villanueva, K.; Alderton, A.; Higgs, C.; Badland, H.; Goldfeld, S. Data to decisions: Big data and methods to create neighbourhood
built environment indicators relevant for early childhood development. Int. J. Environ. Res. Public Health 2022, 19, 5549. [CrossRef]

39. Janus, M.; Offord, D.R. Development and psychometric properties of the Early Development Instrument (EDI): A measure of
children’s school readiness. Can. J. Behav. Sci./Revue Canadienne Sciences Comportement 2007, 39, 1–22. [CrossRef]

40. Brinkman, S.A.; Gregory, T.A.; Goldfeld, S.; Lynch, J.W.; Hardy, M. Data resource profile: The Australian Early Development
Index (AEDI). Int. J. Epidemiol. 2014, 43, 1089–1096. [CrossRef]

41. Social Research Centre. 2018 AEDC Data Collection Technical Report; Social Research Centre: Melbourne, VIC, Australia, 2019.
42. Goldfeld, S.; Sayers, M.; Brinkman, S.; Silburn, S.; Oberklaid, F. The Process and Policy Challenges of Adapting and Implementing

the Early Development Instrument in Australia. Early Educ. Dev. 2009, 20, 978–991. [CrossRef]
43. Department of the Prime Minister and Cabinet, Commonwealth of Australia. National Cities Performance Framework Final Report;

Commonwealth of Australia: Canberra, ACT, Australia, 2017.
44. Arundel, J.; Lowe, M.; Hooper, P.; Roberts, R.; Rozek, J.; Higgs, C.; Giles-Corti, B. Creating Liveable Cities in Australia: Mapping Urban

Policy Implementation and Evidence-Based National Liveability Indicators; Centre for Urban Research, RMIT University: Melbourne,
VIC, Australia, 2017.

45. Higgs, C.; Badland, H.; Simons, K.; Knibbs, L.; Giles-Corti, B. The Urban Liveability Index: Developing a policy-relevant urban
liveability composite measure and evaluating associations with transport mode choice. Int. J. Health Geogr. 2019, 18, 1–25.
[CrossRef]

46. Geoscape Australia Limited. G-NAF: The Geocoded National Address File; Callpoint Spatial Pty Ltd.: Canberra, ACT, Australia, 2012.
47. Alderton, A.; Villanueva, K.; Higgs, C.; Badland, H.; Goldfeld, S. The Importance of the Neighbourhood Built Environment for

Australian Children’s Development. A Report on a Data Linkage Pilot Project; Murdoch Children’s Research Institute and RMIT
University: Melbourne, Australia, 2019.

48. Villanueva, K.; Badland, H.; Alderton, A.; Higgs, C.; Turrell, G.; Goldfeld, S. Creating and Testing Neighbourhood Built Environment
Indicators for Better Child Development Outcomes: Australian Early Development Census—Built Environment (AEDC-BE) Study;
Murdoch Children’s Research Institute and RMIT University: Melbourne, VIC, Australia, 2020.

49. Goodman, R.; Ford, T.; Simmons, H.; Gatward, R.; Meltzer, H. Using the Strengths and Difficulties Questionnaire (SDQ) to screen
for child psychiatric disorders in a community sample. Br. J. Psychiatry 2000, 177, 534–539. [CrossRef]

http://doi.org/10.1136/jech-2019-212686
http://doi.org/10.1016/S2542-5196(18)30119-0
http://doi.org/10.3390/ijerph16091516
http://doi.org/10.1016/j.landurbplan.2018.04.009
http://doi.org/10.1016/j.socscimed.2012.01.032
http://doi.org/10.1016/j.healthplace.2017.09.002
http://www.ncbi.nlm.nih.gov/pubmed/28942343
http://doi.org/10.1186/1471-2458-14-292
http://doi.org/10.1016/j.healthplace.2007.11.002
http://www.ncbi.nlm.nih.gov/pubmed/18086547
http://doi.org/10.1016/j.landurbplan.2014.01.017
http://doi.org/10.1016/j.socscimed.2013.04.026
http://www.ncbi.nlm.nih.gov/pubmed/23746605
http://doi.org/10.1136/jech-2015-207061
http://doi.org/10.1136/jech-2013-203007
http://doi.org/10.1016/j.healthplace.2017.08.010
http://doi.org/10.3390/ijerph19095549
http://doi.org/10.1037/cjbs2007001
http://doi.org/10.1093/ije/dyu085
http://doi.org/10.1080/10409280903375800
http://doi.org/10.1186/s12942-019-0178-8
http://doi.org/10.1192/bjp.177.6.534


Int. J. Environ. Res. Public Health 2022, 19, 6780 24 of 25

50. OpenStreetMap Contributors. Planet Dump. 2018. Available online: https://planet.openstreetmap.org/planet/2018/ (accessed
on 18 October 2018).

51. Australian Urban Observatory. Metadata. Available online: https://auo.org.au/portal/metadata (accessed on 21 May 2021).
52. Lamb, K.E.; Mavoa, S.; Coffee, N.T.; Parker, K.; Richardson, E.A.; Thornton, L.E. Public open space exposure measures in

Australian health research: A critical review of the literature. Geogr. Res. 2019, 57, 67–83. [CrossRef]
53. Victorian Planning Authority. Metropolitan Open Space Network: Provision and Distribution; State Government of Victoria: Mel-

bourne, VIC, Australia, 2017. Available online: https://vpa.vic.gov.au/wp-content/uploads/2018/02/Open-Space-Network-
Provision-and-Distribution-Reduced-Size.pdf (accessed on 15 October 2021).

54. New South Wales Government, Greater Sydney Commission. Greater Sydney Region Plan: A Metropolis of Three Cities—Connecting
People; State of New South Wales: Sydney, NSW, Australia, 2018. Available online: https://gsc-public-1.s3-ap-southeast-2.
amazonaws.com/s3fs-public/greater-sydney-region-plan-0618_0.pdf?SsIsd8gyH4.nrDDg3eZ3PlOBWzWnC3CV (accessed on
15 October 2021).

55. Timperio, A.; Crawford, D.; Telford, A.; Salmon, J. Perceptions about the local neighborhood and walking and cycling among
children. Prev. Med. 2004, 38, 39–47. [CrossRef] [PubMed]

56. Australian Institute of Family Studies. The Longitudinal Study of Australian Children Annual Statistical Report 2016; AIFS: Melbourne,
VIC, Australia, 2016.

57. Goldfeld, S.; Moreno-Betancur, M.; Guo, S.; Mensah, F.; O’Connor, E.; Gray, S.; Chong, S.; Woolfen-DEN, S.; Williams, K.; Kvalsvig,
A.; et al. Inequities in children’s reading skills: The role of home reading and preschool attendance. Acad. Pediatrics 2021,
21, 1046–1054. [CrossRef] [PubMed]

58. Krieger, N. Measures of racism, sexism, heterosexism, and gender binarism for health equity research: From structural injustice to
embodied harm—An ecosocial analysis. Annu. Rev. Public Health 2020, 41, 37–62. [CrossRef] [PubMed]

59. Goldfeld, S.; O’Connor, M.; Mithen, J.; Sayers, M.; Brinkman, S. Early development of emerging and English-proficient bilingual
children at school entry in an Australian population cohort. Int. J. Behav. Dev. 2013, 38, 42–51. [CrossRef]

60. Australian Government, Department of Education and Training. Australian Early Development Census National Report 2015. A
Snapshot of Early Child Development in Australia; Commonwealth of Australia: Canberra, ACT, Australia, 2016.

61. Australian Bureau of Statistics. Australian Statistical Geography Standard (ASGS). Available online: https://www.abs.gov.
au/ausstats/abs@.nsf/Lookup/by%20Subject/1270.0.55.001~{}July%202016~{}Main%20Features~{}Overview~{}1 (accessed on
15 October 2021).

62. Australian Bureau of Statistics. Technical Paper: Socio-Economic Indexes for Areas (SEIFA); ABS Catalogue No. 2033.0.55.001;
Commonwealth of Australia: Canberra, ACT, Australia, 2018.

63. Australian Government, Department of Education and Training. Australian Early Development Census National Report 2018. A
Snapshot of Early Childhood Development in Australia; Commonwealth of Australia: Canberra, ACT, Australia, 2019.

64. Statacorp. STATA Statistical Software: Release 16; StataCorp LLC: College Station, TX, USA, 2019.
65. Leckie, G.; Charlton, C. runmlwin: A program to run the MLwiN multilevel modeling software from within Stata. J. Stat. Softw.

2012, 52, 1–40. [CrossRef]
66. Charlton, C.; Rasbash, J.; Browne, W.; Healy, M.; Cameron, B. MLwiN Version 3.05; Centre for Multilevel Modelling, University of

Bristol: Bristol, UK, 2020.
67. Knol, M.J.; VanderWeele, T.J. Recommendations for presenting analyses of effect modification and interaction. Int. J. Epidemiol.

2012, 41, 514–520. [CrossRef]
68. Transforming Our World: The 2030 Agenda for Sustainable Development. Available online: https://sdgs.un.org/2030agenda

(accessed on 11 December 2021).
69. Shaw, K. Gentrification: What it is, why it is, and what can be done about it. Geogr. Compass 2008, 2, 1697–1728. [CrossRef]
70. Woolcock, G.; Gleeson, B.; Randolph, B. Urban research and child-friendly cities: A new Australian outline. Child. Geogr. 2010,

8, 177–192. [CrossRef]
71. Cole, H.V.S.; Garcia Lamarca, M.; Connolly, J.J.T.; Anguelovski, I. Are green cities healthy and equitable? Unpacking the

relationship between health, green space and gentrification. J. Epidemiol. Community Health 2017, 71, 1118–1121. [CrossRef]
72. Immergluck, D.; Balan, T. Sustainable for whom? Green urban development, environmental gentrification, and the Atlanta

Beltline. Urban Geogr. 2017, 39, 546–562. [CrossRef]
73. Scott, J.T.; Kilmer, R.P.; Wang, C.; Cook, J.R.; Haber, M.G. Natural Environments Near Schools: Potential Benefits for Socio-

Emotional and Behavioral Development in Early Childhood. Am. J. Community Psychol. 2018, 62, 419–432. [CrossRef]
74. Andrusaityte, S.; Grazuleviciene, R.; Dedele, A.; Balseviciene, B. The effect of residential greenness and city park visiting habits

on preschool children’s mental and general health in Lithuania: A cross-sectional study. Int. J. Hyg. Environ. Health 2020,
223, 142–150. [CrossRef]

75. Zach, A.; Meyer, N.; Hendrowarsito, L.; Kolb, S.; Bolte, G.; Nennstiel-Ratzel, U.; Stilianakis, N.I.; Herr, C. Association of
sociodemographic and environmental factors with the mental health status among preschool children—Results from a cross-
sectional study in Bavaria, Germany. Int. J. Hyg. Environ. Health 2016, 219, 458–467. [CrossRef]

76. Badland, H.; Mavoa, S.; Boulangé, C.; Eagleson, S.; Gunn, L.; Stewart, J.; David, S.; Giles-Corti, B. Identifying, creating, and testing
urban planning measures for transport walking: Findings from the Australian national liveability study. J. Transp. Health 2017,
5, 151–162. [CrossRef]

https://planet.openstreetmap.org/planet/2018/
https://auo.org.au/portal/metadata
http://doi.org/10.1111/1745-5871.12325
https://vpa.vic.gov.au/wp-content/uploads/2018/02/Open-Space-Network-Provision-and-Distribution-Reduced-Size.pdf
https://vpa.vic.gov.au/wp-content/uploads/2018/02/Open-Space-Network-Provision-and-Distribution-Reduced-Size.pdf
https://gsc-public-1.s3-ap-southeast-2.amazonaws.com/s3fs-public/greater-sydney-region-plan-0618_0.pdf?SsIsd8gyH4.nrDDg3eZ3PlOBWzWnC3CV
https://gsc-public-1.s3-ap-southeast-2.amazonaws.com/s3fs-public/greater-sydney-region-plan-0618_0.pdf?SsIsd8gyH4.nrDDg3eZ3PlOBWzWnC3CV
http://doi.org/10.1016/j.ypmed.2003.09.026
http://www.ncbi.nlm.nih.gov/pubmed/14672640
http://doi.org/10.1016/j.acap.2021.04.019
http://www.ncbi.nlm.nih.gov/pubmed/33933683
http://doi.org/10.1146/annurev-publhealth-040119-094017
http://www.ncbi.nlm.nih.gov/pubmed/31765272
http://doi.org/10.1177/0165025413505945
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/1270.0.55.001~{}July%202016~{}Main%20Features~{}Overview~{}1
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/1270.0.55.001~{}July%202016~{}Main%20Features~{}Overview~{}1
http://doi.org/10.18637/jss.v052.i11
http://doi.org/10.1093/ije/dyr218
https://sdgs.un.org/2030agenda
http://doi.org/10.1111/j.1749-8198.2008.00156.x
http://doi.org/10.1080/14733281003691426
http://doi.org/10.1136/jech-2017-209201
http://doi.org/10.1080/02723638.2017.1360041
http://doi.org/10.1002/ajcp.12272
http://doi.org/10.1016/j.ijheh.2019.09.009
http://doi.org/10.1016/j.ijheh.2016.04.012
http://doi.org/10.1016/j.jth.2016.08.010


Int. J. Environ. Res. Public Health 2022, 19, 6780 25 of 25

77. Balseviciene, B.; Sinkariova, L.; Grazuleviciene, R.; Andrusaityte, S.; Uzdanaviciute, I.; Dedele, A.; Nieuwenhuijsen, M.J. Impact
of Residential Greenness on Preschool Children’s Emotional and Behavioral Problems. Int. J. Environ. Res. Public Health 2014,
11, 6757–6770. [CrossRef]

78. Richardson, E.A.; Pearce, J.; Shortt, N.K.; Mitchell, R. The role of public and private natural space in children’s social, emotional
and behavioural development in Scotland: A longitudinal study. Environ. Res. 2017, 158, 729–736. [CrossRef]

79. Flouri, E.; Midouhas, E.; Joshi, H. The role of urban neighbourhood green space in children’s emotional and behavioural resilience.
J. Environ. Psychol. 2014, 40, 179–186. [CrossRef]

80. Dutton, T.; Turrell, G.; Oldenburg, B. Measuring Socioeconomic Position in Population Health Monitoring and Health Research; Health
Inequalities Monitoring Series No. 3; Queensland University of Technology: Brisbane, QLD, Australia, 2005.

81. Kwan, M.P. The uncertain geographic context problem. Ann. Assoc. Am. Geogr. 2012, 102, 958–968. [CrossRef]
82. Laatikainen, T.; Hasanzadeh, K.; Kytta, M. Capturing exposure in environmental health research: Challenges and opportunities

of different activity space models. Int. J. Health Geogr. 2018, 17, 29. [CrossRef]

http://doi.org/10.3390/ijerph110706757
http://doi.org/10.1016/j.envres.2017.07.038
http://doi.org/10.1016/j.jenvp.2014.06.007
http://doi.org/10.1080/00045608.2012.687349
http://doi.org/10.1186/s12942-018-0149-5

	Introduction 
	Materials and Methods 
	Study Design: Australian Early Development Census—Built Environment (AEDC-BE) 
	Australian Early Development Census 
	Geographic and Neighbourhood Built Environment Data 
	Study Participants 
	Data Linkage Procedures 
	Mental Health (Outcome) Measures 
	Externalising Difficulties 
	Internalising Difficulties 
	Competence 

	Public Open Space (Exposure) Measures 
	Demographic (Covariate) Measures 
	Maternal Education 
	Sex 
	Indigenous Status 
	Language Background and English Proficiency 
	Additional Health and Education Needs 

	Contextual (Covariate, Study Area, and Adjustment for Clustering) Measures 
	Neighbourhood Boundaries 
	Neighbourhood Disadvantage 
	Capital City of Residence 

	Statistical Analysis 
	Sensitivity Analysis 
	Missing Data 
	Ethics Approval 

	Results 
	AEDC-BE Cohort Characteristics 
	Inequities in Access to Public Open Space 
	Associations between Public Open Space and Child Mental Health 
	Effect Modification by Maternal Education 

	Discussion 
	Inequities in Access to Public Open Space across Capital Cities Cohort 
	Public Open Space Access as a Protective and Promotive Factor 
	For Whom Does Access Matter Most? Associations within Maternal Education Groups 
	Similarities and Differences between Distinct Capital Cities 
	Strengths of This Study 
	Limitations 
	Implications and Directions for Future Research 

	Conclusions 
	References

