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Abstract: The influence of the neighbourhood built environment on young children’s physical devel-
opment has been well-documented; however, there is limited empirical evidence of an association
with social and emotional development. Parental perceptions of the neighbourhood built envi-
ronment may act as facilitators or barriers to young children’s play and interactions in their local
environment. The aim of this study was to examine the associations between parents’ perceptions of
the neighbourhood built environment and the social-emotional development of children aged two-
to-five years. Parents’ positive perceptions of traffic safety (OR 0.74; 95% CI 0.55, 0.98), crime safety
(OR 0.79; 95% CI 0.64, 0.99) and land use mix–access (OR 0.74; 95% CI 0.56, 0.98) were associated with
lower odds of social-emotional difficulties, while positive perceptions of walking and cycling facilities
were associated with higher odds of difficulties (OR 1.26; 95% CI 1.02, 1.55). Positive perceptions of
land use mix–access (OR 1.32; 95% CI 1.03, 1.69), street connectivity (OR 1.35; 95% CI 1.10, 1.66) and
neighbourhood aesthetics (OR 1.27; 95% CI 1.01, 1.60) were associated with higher odds of prosocial
behaviours. Interventions to improve parents’ perceptions of built environment features may facilitate
opportunities for play and interactions which contribute to healthy social-emotional development.

Keywords: social-emotional development; child development; neighbourhood; built environment;
parent; perceptions; children

1. Introduction

A child’s early years are the most important developmental phase throughout the
lifespan, critical for laying the foundation for future physical and mental health and
wellbeing [1]. Social-emotional development is a complex construct that forms a key
component of a child’s mental health [2]. The first five years of life are a crucial time to
develop social-emotional skills, such as emotional regulation, executive functioning, a
readiness to explore, social competence, responsibility, and empathy. These skills determine
a young child’s ability to adapt and deal with daily challenges and ultimately their capacity
to lead a full and productive life [3].

Estimates of the prevalence of social-emotional difficulties in young children vary
significantly depending on the study methodology, with estimates ranging from 5.5 per
cent [4] to 16 per cent [5] of young children with difficulties. Importantly, social-emotional
development follows a social gradient whereby increasing socioeconomic disadvantage
is associated with poorer developmental outcomes, starting in children as young as two
years [6], with difficulties often continuing into adulthood [7].

It is widely recognised that a child’s home is the most important environment for social-
emotional development [8] as young children can spend a large amount of time in the home
environment and are influenced by family relationships and parenting practices. However,
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the socio-ecological theory highlights that early development occurs in the context of
multiple, interrelated social and physical environments [9]. The neighbourhood in which
a child lives is recognised as a key influence of early child development [10–12]. It is
important to acknowledge that a child’s exposure to their neighbourhood may be influenced
by family socio-economic factors. For example, parents who work multiple jobs or full-time
may have less time to spend with their child in the local neighbourhood, thus limiting
children’s exposure and the influence that the neighbourhood has on their development. In
addition, a recent study found that the association between neighbourhood disadvantage
and behaviour problems differs by family socio-economic status whereby children from
low-income households who live in more disadvantaged neighbourhoods are more likely
to develop behaviour problems than children from higher-income households [13]. Thus,
both family and neighbourhood socio-economic factors should be considered in child
development and built environment research.

While a neighbourhood can be defined simply as the geographical area close to a
person’s home, it is the components of a neighbourhood that distinguish it from other
neighbourhoods, such as its cultural, political, historical, economic, social, and built charac-
teristics. The influence of the built characteristics of a neighbourhood on child health and
development has elicited substantial research over the past three decades, mostly exploring
its impact on children’s physical activity levels [14–16]. There is, however, limited, and
sometimes contradictory, evidence around the role that the neighbourhood built environ-
ment plays in early social-emotional development [16–20]. Built environment features,
such as streets, footpaths, open public spaces, playgrounds, and child-friendly services
are important as they can facilitate or hinder opportunities for play and social interac-
tion [14,21]. An increasing body of research has investigated the role of the neighbourhood
built environment on outdoor play and provides some evidence for potential pathways
to social-emotional development [14]. As the neighbourhood is a major setting for chil-
dren’s outdoor play, providing safe and interesting local environments may help to reduce
disparities in child development [22].

Most previous research has used objective measures, such as geospatial data, to investi-
gate associations between the neighbourhood built environment and early social-emotional
development, with results indicating that the built environment has a small but significant
effect on developmental outcomes [16–19]. For example, high traffic exposure [16] and
greater land-use mix [17] have been associated with increased social-emotional vulnerabil-
ity while the presence of an attractive local park [16] or local green space [18,23] has been
associated with fewer social-emotional problems, while access to child-friendly destinations,
such as child health services and schools, is associated with social competence [14].

Only assessing the objective features of a neighbourhood, however, assumes that
children are exposed to, and experience, their neighbourhoods in the same way. In contrast
to older children who have more autonomy to independently explore the neighbourhood,
young children are dependent on their parents for such activities. It is possible that par-
ents’ perceptions of the neighbourhood environment have a greater influence on young
children’s exposure to the neighbourhood than the actual objectively measured built en-
vironment [24]. In addition to objective data about neighbourhood features, subjective
data, such as parents’ perceptions of the quality and accessibility of the neighbourhood
built environment, are likely to provide a more complete picture of the way children are
exposed to their neighbourhood [25,26]. Previous studies investigating the relationship be-
tween objective and subjective measures of built environment features and adults’ physical
activity levels have found only poor to moderate levels of agreement between objective
and subjective measures of the same built environment feature [27–29]. This suggests
that perceived and objective measures capture different constructs of the neighbourhood
environment [27] and environmental interventions may not be as effective if perceptions of
the environment are not also considered [30].

Most previous research investigating parent perceptions of the neighbourhood built
environment focus on safety, in particular, traffic safety and fear of strangers [31,32]. The
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high dependence on cars to transport children has resulted in more traffic and less people
on neighbourhood streets which may exacerbate parental concerns about traffic injuries
and stranger abductions. While perceptions of traffic safety correlate with traffic-related in-
juries and deaths in children, concerns about stranger abduction are largely over-estimated
and driven by fear [32]. Foster et al. [33] suggest parent fear could be alleviated by mak-
ing changes to both the built (e.g., street lighting, maintenance of amenity) and social
(e.g., social cohesion) neighbourhood environment.

Studies of the relationship between the perceived quality of the neighbourhood envi-
ronment and early social-emotional development have produced mixed findings depending
on the feature of the built environment being studied. Some studies have found no associa-
tion between parents’ perceptions of the quality of the neighbourhood environment and
young children’s prosocial behaviour [20,34] or externalising behaviours, such as conduct
and hyperactivity [20]; however, cleaner neighbourhoods have been associated with proso-
cial behaviours [20]. The perceived quality of green spaces has been positively associated
with all aspects of social-emotional well-being including prosocial behaviour [35], regard-
less of socioeconomic factors [36]. Importantly, the biggest challenge facing neighbourhood
effects research is the potential for residential self-selection bias [37]. Specifically, do parents
choose to live in neighbourhoods that support their attitudes and behaviour or does the
neighbourhood design change their attitudes and behaviour? It is difficult to determine the
direction of bias in self-selection [38] which can result in an over- or under-estimation of
neighbourhood effects on child development [39].

To address these evidence gaps, we explored the relationship between parents’ per-
ceptions of the neighbourhood built environment and early social-emotional development.
Secondary research questions included: (a) Do parents’ perceptions of the neighbourhood
built environment differ by level of neighbourhood socioeconomic disadvantage? and
(b) Do parents’ perceptions of the neighbourhood built environment differ based on the
neighbourhood they chose to live in (residential self-selection)?

2. Materials and Methods
2.1. Study Design

Cross-sectional baseline parent survey data from the Play Spaces and Environments
for Children’s Physical Activity (PLAYCE) study were used. The PLAYCE baseline study
(Perth metropolitan area, Western Australia; 2015 to 2018) investigated the influence of the
early childhood education and care (ECEC), home and urban neighbourhood environments
on physical activity, health and development of children aged two-to-five years. The
study protocol has been previously published [40]. Parent surveys with missing data for
socio-demographic characteristics or outcomes of interest were excluded from the analysis
resulting in an analytic sample of 1492 surveys.

2.2. Measures
2.2.1. Social-Emotional Development

Social-emotional development was reported by parents using the Strengths and Diffi-
culties Questionnaire (SDQ) [41]. A modified version of the SDQ specifically for parents
of children aged two-to-four years old [42] was used as it has been shown to have good
validity for identifying psychosocial problems in young children [43]. The SDQ consists
of 25 items divided into five subscales of five items each, measuring emotional problems,
conduct problems, hyperactivity, peer problems, and prosocial behaviours. A total difficul-
ties score was calculated by summing all subscale scores except the prosocial behaviour
subscale, consistent with established criteria [42]. High scores on the first four subscales
and the total difficulties score indicate more social-emotional difficulties while a high score
for prosocial behaviour indicates more positive behaviour.

Parents rated their child’s behaviour over the past six months for each SDQ item
(three-point scale: ‘not true’, ‘somewhat true’, ‘certainly true’). Mean scores were calculated
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for total difficulties and each subscale and then categorised into dichotomous variables
(borderline/abnormal and normal) using established criteria [42].

2.2.2. Perceptions of the Neighbourhood Built Environment

Parents’ perceptions of features of the neighbourhood built environment were mea-
sured using a modified version of the Neighbourhood Environment Walkability Scale for
Youth (NEWS-Y) [44]. The NEWS-Y scale has acceptable test-retest reliability and construct
validity, and the internal consistency of all subscales is acceptable [45].

Six of the original nine NEWS-Y subscales were used in the parent survey to measure:
pedestrian and traffic safety, crime safety, land use mix–access (e.g., access to shops, parks,
public transport), street connectivity, walking and cycling facilities, and neighbourhood
aesthetics. Thirteen additional items were added across the subscales, based on Vanwol-
leghen et al.’s version [46], which specifically relate to young children, such as access to
local play equipment, safety of walking with young children during the day and presence
of footpaths on both sides of the street.

Each item was scored on a four-point Likert scale (strongly disagree to strongly agree)
with some items reverse-coded so that all items were in the same conceptualized direction.
Higher scores represented more positive perceptions of the built environment [45].

2.2.3. Residential Self-Selection

To account for the potential bias created by residential self-selection, parents were
asked to rate the importance of 25 reasons for choosing their current place of residence (five-
point Likert scale: 1 = not at all important, 3 = somewhat important, 5 = very important).
Reasons included affordability, safety, quality of local services and facilities, walkability,
and proximity to schools and employment. Items were based on a similar scale developed
for the International Physical Activity and Environment Network (IPEN) adolescent parent
survey [47].

Due to many of the 25 residential self-selection variables measuring similar constructs,
a factor analysis was conducted using principal axis factoring and oblique rotation with the
goal of identifying underlying constructs. The 25 items were reduced to five residential self-
selection factors which accounted for 57 per cent of the variance (Supplementary Table S1).
The item ‘affordability/value’ did not load onto any factors but was retained as a single item
because it was the third most important reason for parents choosing their neighbourhood.
Cronbach’s alpha scores were calculated for each factor to test the reliability of the factor
analysis (coefficient acceptance level set at a minimum 0.7) [48]. Two factors had low alpha
scores (both 0.62) and were not included in the analysis. Mean factor scores for the three
remaining factors—child friendliness, pedestrian safety from traffic, and access to shops
and services—and the single item of affordability, were used as predictor variables for
exploring associations between residential self-selection and parents’ perceptions of the
neighbourhood built environment.

To inform the main analysis, linear regression analysis was conducted to determine if
residential self-selection was a potential confounding factor in the relationship between
parents’ perceptions of the neighbourhood built environment and social-emotional de-
velopment (Supplementary Table S2). As significant associations were found across all
subscales, residential self-selection factors were included as confounding variables in the
main analysis.

2.2.4. Outdoor Play

Outdoor play was reported by parents using the Outdoor Playtime Checklist [49].
Parents responded to two questions asking how much time their child spends playing
outdoors on a typical day in two locations: in the yard or street around their house, and
at a park, playground, or outdoor recreation area. The day was divided into three time
periods: wake-up time until noon, noon until 6 p.m., and 6 p.m. until bedtime. Within
each time period, the amount of outdoor play was reported using a five-point scale (0 min,
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1–15 min, 16–30 min, 31–60 min, over 60 min) and were coded 0 through 4. Responses for
each question were summed resulting in a score ranging from 0 to 24 [49].

2.2.5. Neighbourhood Socioeconomic Disadvantage

Residential postcode was matched to administrative data from the 2016 Australian
Bureau of Statistics’ (ABS) Socio-Economic Indexes for Areas (SEIFA) as a measure of
postcode-level socioeconomic status for each participant [50]. The SEIFA Index of Relative
Socioeconomic Disadvantage (IRSD) was used as previous research on neighbourhood
effects has indicated that disadvantage affects child development outcomes, rather than
socioeconomic advantage having a protective effect [51]. The IRSD is calculated using a
weighted combination of variables that relate to disadvantage including low income, low
educational attainment, high unemployment, long-term health condition or disability, and
one-parent families [50].

Each participant postcode was assigned an IRSD score [52] and scores were then
divided into deciles, as established by the ABS. Three categories were created: ‘high
disadvantage’ (bottom four deciles), ‘low to moderate disadvantage’ (middle four deciles)
and ‘very low disadvantage’ (top two deciles).

Neighbourhood socioeconomic disadvantage was investigated as a potential con-
founding factor in the relationship between parents’ perceptions of the neighbourhood
built environment and social-emotional development (Supplementary Table S3). Significant
associations were found; thus, neighbourhood disadvantage was included as a confounding
variable in the main analysis.

2.2.6. Covariates

Potential confounders included parent age [17,35], sex [17,35], education level [17,18,35,36]
and employment status [17], as well as child age and sex [17,35].

2.3. Statistical Analyses

Multivariable binary logistic regression was undertaken with groups of independent
variables sequentially added to the model to examine associations between parent percep-
tions of the neighbourhood built environment and early social-emotional development.
Initially, Model 1 examined associations between each of the six neighbourhood perceptions
subscales and the five dichotomised social-emotional development subscale responses,
adjusting for parent and child socio-demographic factors. Model 2 included all variables in
Model 1 and adjusted for neighbourhood socioeconomic disadvantage. Model 3 further
adjusted for residential self-selection factors and Model 4 further adjusted for outdoor play.

3. Results
3.1. Sample Characteristics

Respondents were predominantly female (91%), with a mean age of 35 years (SD
5.7 years) (Table 1). Most parents worked either full-time (34%) or part-time (47%) and
had a tertiary degree (57%). The average age of children was 3.3 years (SD 0.75 years) with
almost half female (48%). One-fifth of parents reported their child had an abnormal or
borderline SDQ total difficulties score (Table 1). This varied by SDQ sub-scale: emotional
difficulties scores (18%), conduct problems (22%), hyperactivity (21%), peer problems (19%),
and prosocial behaviours (30%).

Almost a quarter (24%) of young children lived in highly socioeconomically disad-
vantaged neighbourhoods, with 42% in neighbourhoods of low to moderate disadvantage
and 34% in neighbourhoods of very low disadvantage. On average, parents scored their
neighbourhood aesthetics (mean 3.19; SD 0.55), land use mix–access (mean 2.92; SD 0.51)
and pedestrian and traffic safety (mean 2.90; SD 0.46) higher than other neighbourhood fea-
tures, with crime safety scoring the lowest (mean 2.54; SD 0.65). Affordability was the most
important reason for parents choosing their current neighbourhood (mean 3.93; SD 1.03),
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followed by child friendliness (mean 3.82; SD 0.77), access to shops and services (mean 3.35;
SD 0.90) and pedestrian safety from traffic (mean 3.16; SD 0.91).

Table 1. Sample Characteristics.

Characteristic n Mean (SD) or %

Parent socio-demographic factors
Age (years) 1492 35 (5.7)
Sex (female) 1492 91%
Education

Bachelor’s degree/Postgraduate 857 57%
Trade/Diploma 412 28%

Secondary or lower 223 15%
Employment status

Full-time 507 34%
Part-time 697 47%

Unpaid work 28 2%
Not working/Home duties 260 17%

Child socio-demographic factors
Age (years) 1492 3.3 (0.75)
Sex (female) 1492 48%

Social-emotional development
Total difficulties a 1490 20%

Emotional difficulties b 1492 18%
Conduct problems b 1492 22%

Hyperactivity b 1491 21%
Peer problems b 1491 19%

Prosocial behaviours b 1490 30%
Neighbourhood socioeconomic

disadvantage c

High disadvantage 352 24%
Low to moderate disadvantage 625 42%

Very low disadvantage 515 34%
Perceptions of neighbourhood built

environment d

Pedestrian and traffic safety 1492 2.90 (0.46)
Crime safety 1492 2.54 (0.65)

Land use mix–access 1492 2.92 (0.51)
Street connectivity 1492 2.82 (0.59)

Walking and cycling facilities 1492 2.58 (0.68)
Neighbourhood aesthetics 1492 3.19 (0.55)

Residential self-selection factors e

Child friendliness 1492 3.82 (0.77)
Pedestrian safety from traffic 1492 3.16 (0.91)
Access to shops and services 1492 3.35 (0.90)

Affordability 1492 3.93 (1.03)
Outdoor play f

Total outdoor play 1426 9.16 (4.64)
a Borderline/abnormal score of total difficulties (total of all subscale scores except prosocial behaviours).
b Borderline/abnormal score representing poorer development. c Postal codes allocated a decile using SEIFA
Index of Relative Socio-Economic Disadvantage. Deciles categorised into high, low to moderate and very low
disadvantage. d Parent perception subscales 4-point Likert scale (1 = strongly disagree; 4 = strongly agree).
e Mean score of residential self-selection factors; 5-point Likert scale (1 = not at all important; 5 = very important).
f Total amount of time in outdoor play: Sum of 6 different time periods on a 5-point scale (0 = 0 min; 1 = 1–15 min;
2 = 16–30 min; 3 = 31–60 min; 4 ≥ 60 min) resulting in 0–24 scale.

3.2. Association between Parents’ Perceptions of the Built Environment and Social-Emotional Development

There was little difference in the findings with sequential adjustment for parent and
child socio-demographic factors, neighbourhood socioeconomic disadvantage, residential
self-selection and outdoor play; the full adjusted results (model 4) are presented in Table 2
and Figure 1.
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Table 2. Adjusted logistic regression odds ratios examining relationships between perceived neigh-
bourhood built environment features and social-emotional development response outcomes.

Social-Emotional
Development Outcome

Perceived
Neighbourhood Built
Environment Feature a

Model 1 b

OR (95% CI) n = 1492

Model 2
Model 1 + n’hood

Disadvantage d

OR (95% CI) n = 1492

Model 3
Model 2 + Residential
Self-Selection Factors e

OR (95% CI) n = 1492

Model 4 Model 3 +
Outdoor Play f OR
(95% CI) n = 1426

Total social–emotional
difficulties c

Pedestrian/traffic safety 0.68 (0.52, 0.90) * 0.69 (0.52, 0.91) * 0.74 (0.55, 0.98) * 0.74 (0.55, 0.98) *
Crime safety 0.76 (0.62, 0.93) * 0.76 (0.62, 0.94) * 0.76 (0.62, 0.94) * 0.79 (0.64, 0.99) *

Land use mix–access 0.70 (0.54, 0.90) * 0.70 (0.55, 0.90) * 0.73 (0.56, 0.96) * 0.74 (0.56, 0.98) *
Street connectivity 0.98 (0.79, 1.22) 0.98 (0.79, 1.23) 1.02 (0.81, 1.27) 1.02 (0.81, 1.28)

Walking/cycling facilities 1.16 (0.95, 1.40), 1.17 (0.96, 1.42) 1.24 (1.02, 1.52) * 1.26 (1.02, 1.55) *
Neighbourhood aesthetics 0.82 (0.65, 1.04) 0.83 (0.65, 1.06) 0.87 (0.67, 1.12) 0.90 (0.69, 1.17)

Emotional difficulties

Pedestrian/traffic safety 0.60 (0.45, 0.80) * 0.61 (0.46, 0.82) * 0.61 (0.45, 0.82) * 0.64 (0.47, 0.87) *
Crime safety 0.70 (0.56, 0.86) * 0.72 (0.58, 0.89) * 0.72 (0.58, 0.90) * 0.73 (0.58, 0.92) *

Land use mix–access 0.68 (0.52, 0.88) * 0.68 (0.53, 0.89) * 0.69 (0.52, 0.92) * 0.71 (0.53, 0.96) *
Street connectivity 1.17 (0.93, 1.47) 1.18 (0.93, 1.48) 1.20 (0.95, 1.52) 1.22 (0.96, 1.55)

Walking/cycling facilities 1.05 (0.86, 1.29) 1.08 (0.88, 1.32) 1.13 (0.92, 1.39) 1.15 (0.93, 1.43)
Neighbourhood aesthetics 0.81 (0.64, 1.04) 0.84 (0.66, 1.08) 0.85 (0.65, 1.10) 0.85 (0.65, 1.12)

Conduct
Problems

Pedestrian/traffic safety 0.94 (0.72, 1.23) 0.94 (0.72, 1.23) 0.97 (0.74, 1.28) 0.91 (0.69, 1.21)
Crime safety 0.79 (0.65, 0.96) * 0.78 (0.64, 0.96) * 0.79 (0.64, 0.96) * 0.79 (0.64, 0.97) *

Land use mix–access 0.83 (0.65, 1.06) 0.83 (0.65, 1.06) 0.86 (0.66, 1.12) 0.84 (0.64, 1.11)
Street connectivity 1.13 (0.91, 1.40) 1.13 (0.91, 1.39) 1.16 (0.94, 1.44) 1.13 (0.91, 1.41)

Walking/cycling facilities 1.18 (0.98, 1.41) 1.18 (0.98, 1.42) 1.23 (1.01, 1.49) * 1.22 (1.00, 1.49) *
Neighbourhood aesthetics 0.90 (0.72, 1.14) 0.90 (0.71, 1.13) 0.94 (0.74, 1.20) 0.94 (0.73, 1.21)

Hyperactivity

Pedestrian/traffic safety 0.83 (0.62, 1.07) 0.84 (0.64, 1.10) 0.85 (0.64, 1.12) 0.86 (0.65, 1.14)
Crime safety 0.82 (0.68, 1.01) 0.84 (0.69, 1.03) 0.85 (0.69, 1.04) 0.87 (0.70, 1.07)

Land use mix–access 1.01 (0.78, 1.29) 1.02 (0.80, 1.31) 0.99 (0.76, 1.30) 1.00 (0.75, 1.32)
Street connectivity 1.08 (0.87, 1.33) 1.09 (0.88, 1.35) 1.08 (0.87, 1.34) 1.05 (0.84, 1.31)

Walking/cycling facilities 0.98 (0.96, 1.01) 1.08 (0.90, 1.31) 1.10 (0.90, 1.33) 1.11 (0.91, 1.35)
Neighbourhood aesthetics 1.05 (0.83, 1.32) 1.09 (0.86, 1.38) 1.11 (0.87, 1.43) 1.16 (0.89, 1.50)

Peer problems

Pedestrian/traffic safety 0.82 (0.61, 1.08) 0.84 (0.63, 1.11) 0.86 (0.65, 1.15) 0.93 (0.69, 1.25)
Crime safety 0.83 (0.68, 1.02) 0.84 (0.68, 1.04) 0.85 (0.69, 1.06) 0.91 (0.73, 1.13)

Land use mix–access 0.64 (0.49, 0.82) * 0.64 (0.50, 0.83) * 0.65 (0.49, 0.85) * 0.69 (0.52, 0.92) *
Street connectivity 0.79 (0.63, 0.98) * 0.79 (0.63, 0.99) * 0.81 (0.65, 1.02) 0.78 (0.62, 0.99) *

Walking/cycling facilities 0.90 (0.74, 1.09) 0.92 (0.76, 1.12) 0.94 (0.77, 1.16) 0.92 (0.75, 1.13)
Neighbourhood aesthetics 0.83 (0.65, 1.06) 0.87 (0.68, 1.11) 0.92 (0.71, 1.19) 0.94 (0.72, 1.23)

Prosocial behaviours

Pedestrian/traffic safety 1.37 (1.07, 1.74) * 1.37 (1.07, 1.74) * 1.25 (0.98, 1.61) 1.27 (0.99, 1.64)
Crime safety 1.04 (0.87, 1.24) 1.04 (0.87, 1.24) 1.03 (0.86, 1.24) 1.00 (0.83, 1.21)

Land use mix–access 1.40 (1.13, 1.74) * 1.40 (1.13, 1.75) * 1.36 (1.07, 1.73) * 1.32 (1.03, 1.69) *
Street connectivity 1.35 (1.12, 1.64) * 1.35 (1.11, 1.64) * 1.33 (1.09, 1.62) * 1.35 (1.10, 1.66) *

Walking/cycling facilities 1.03 (0.87, 1.21) 1.03 (0.87, 1.21) 0.94 (0.79, 1.12) 0.95 (0.80, 1.13)
Neighbourhood aesthetics 1.36 (1.10, 1.67) * 1.37 (1.11, 1.70) * 1.29 (1.03, 1.61) * 1.27 (1.01, 1.60) *

Odds ratio (OR), Confidence Interval (CI), * Statistically significant at p ≤ 0.05. a 4-point Likert scale (1 = strongly
disagree; 4 = strongly agree). b includes adjustments for socio-demographic variables (parent age, sex, education,
employment status and child age, sex). c Odds ratio of having an abnormal/borderline score representing poorer
development. d SEIFA Index of Socio-Economic Disadvantage at the postal code level; reference category is ‘very
low disadvantage’. e Self-selection factors were ‘child-friendly neighbourhood’, ‘pedestrian safety from traffic’,
‘access to shops and services’, and ‘affordability’. f Total amount of time in outdoor play: Sum of 6 different time
periods on a 5-point Likert scale (0 = 0 min; 4 ≥ 60 min) resulting in 0–24 scale. Model 1 includes adjustments for
socio-demographic variables (parent age, child age, child sex, parent education and parent employment status).
Model 2 includes adjustments for socio-demographic variables + neighbourhood socioeconomic disadvantage.
Model 3 includes adjustments for socio-demographic variables + neighbourhood socioeconomic disadvantage
+ residential self-selection factors. Model 4 includes adjustments for socio-demographic variables + neighbourhood
socioeconomic disadvantage + residential self-selection factors + outdoor play.

Parents’ positive perceptions of pedestrian and traffic safety (OR 0.74; 95% CI 0.55,
0.98), crime safety (OR 0.79; 95% CI 0.64, 0.99) and land use mix–access (OR 0.74; 95% CI 0.56,
0.98) were associated with lower odds of total social-emotional difficulties. Unexpectedly,
positive perceptions of walking and cycling facilities were associated with higher odds of
total social-emotional difficulties (OR 1.26; 95% CI 1.02, 1.55).

Parents’ positive perceptions of pedestrian and traffic safety (OR 0.64; 95% CI 0.47,
0.87), crime safety (OR 0.73; 95% CI 0.58; 0.92) and land use mix–access (OR 0.71; 95%
CI 0.53, 0.96) were associated with lower odds of emotional difficulties. Parents’ positive
perceptions of crime safety (OR 0.79; 95% CI 0.64, 0.97) were associated with lower odds of
conduct problems, and positive perceptions of walking/cycling facilities were associated
with higher odds of conduct problems (OR 1.22; 95% CI 1.00, 1.49). Positive perceptions of
land use mix–access (OR 0.69; 95% CI 0.52, 0.92) and street connectivity (OR 0.78; 95% CI
0.62, 0.99) were associated with lower odds of peer problems.
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Figure 1. Forest plots showing odds ratios and confidence intervals of associations between parents’
perceptions of the neighbourhood built environment and social-emotional development. Statistically
significant at p ≤ 0.05; models adjusted for parent age, sex, education, employment status and child
age, sex; neighbourhood disadvantage; residential self-selection and outdoor play. a Odds ratio of
having an abnormal/borderline score representing poorer development.

Parents’ positive perceptions of land use mix–access (OR 1.32; 95% CI 1.03, 1.69), street
connectivity (OR 1.35; 95% CI 1.10, 1.66) and neighbourhood aesthetics (OR 1.27; 95% CI
1.01. 1.60) were associated with higher odds of prosocial behaviours.

4. Discussion

Overall, more positive parent perceptions of the neighbourhood built environment
were associated with lower odds of young children’s social-emotional difficulties, inde-
pendent of child and parent socio-demographic factors, neighbourhood socioeconomic
disadvantage, residential self-selection and amount of outdoor play. Specifically, more posi-
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tive perceptions of traffic and crime safety and access to a mix of land uses were associated
with lower odds of social-emotional difficulties, and more positive perceptions of street
connectivity, land use mix and neighbourhood aesthetics were associated with higher odds
of prosocial behaviours.

Our finding that positive perceptions of traffic safety were related to reduced emotional
difficulties, conduct problems and overall social-emotional difficulties supports previous
research that found objectively measured traffic safety is related to better developmental
outcomes [16,17]. Traffic may be a safety threat which can limit the amount of time
children spend outside. Introducing traffic calming measures, such as roundabouts, zebra
crossings and traffic lights, to residential areas is costly but has the potential to enhance
road safety [53] and is associated with increased outdoor play [54]. More research is needed
to determine if parents’ perceptions of traffic safety are improved as a result of introducing
such measures. Parents are gatekeepers to their young children’s exposure to the local
environment, and thus their perceptions of the local built environment may facilitate or be
a barrier to young children’s outdoor play and interactions with adults and other children,
thus providing opportunities to develop social skills and emotional resilience.

Parents’ positive perceptions of safety from neighbourhood crime were also associ-
ated with reduced emotional difficulties, conduct problems and overall social-emotional
difficulties. These findings are consistent with an Australian study which found perceived
levels of neighbourhood safety were associated with less conduct problems in four-to-five-
year-old children [20]. Fear of child abduction when the child is playing outside in the
neighbourhood is a major concern for parents, with one study finding 88% per cent of
parents of five-to-six-year-olds agreed that ‘stranger danger’ was of concern to them [55].
Unlike perceptions of traffic safety which correlate with traffic-related injuries and deaths in
children, parental concerns about stranger abduction are largely over-estimated and driven
by fear [56]. It is therefore important to address these concerns as parental perceptions
of safety are a determinant of children’s outdoor play [57]. Further research is needed to
inform whether interventions should target modifications to the environment or address
changing parent perceptions through, for example, raising awareness of environmental
cues, such as wayfinding signage to encourage parents to explore their neighbourhood with
their children. As safety concerns can be triggered by the absence of people on streets [58],
initiatives which encourage more people to use the streets and public spaces may have the
added benefit of providing natural surveillance of children which may in turn increase
parents’ perceptions of safety in the neighbourhood.

Children with parents who perceived their neighbourhood to have better access to
local services through greater land use mix had lower odds of social-emotional difficulties
and higher odds of prosocial behaviours. In addition, more connected streets were associ-
ated with better prosocial behaviours and less peer problems. Previous studies have shown
mixed results of the association between land-use mix and street connectivity and early
child development. Our findings are consistent with Renzaho et al. [34], who also used
the SDQ as an outcome measure and found that parents who perceived a lack of infras-
tructure and limited access to facilities reported their children had greater social-emotional
difficulties. However, our findings are in contrast with Edwards and Bromfield [20], who
found that perceptions of the availability of neighbourhood facilities, such as public trans-
port, parks, shops, footpaths, and lighting, were not as important for the development
of either social-emotional difficulties or prosocial behaviours, as measured by the SDQ,
as other perceived neighbourhood attributes, such as safety and cleanliness. Variations
across studies in how the neighbourhood was defined and the instruments used to measure
neighbourhood perceptions may, in part, explain the inconsistent findings.

Our research highlights that greater street connectivity and land-use mix appear to
be beneficial for early social-emotional development. Children who have more exposure
to people and places through more walkable neighbourhoods are better able to develop
their emotional resilience and social skills. This concurs with new urbanism planning
principles which promote human-scale urban design within compact neighbourhoods with
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many activities of daily living within walking or cycling distance [59]. However, greater
street connectivity can also increase exposure to traffic and may pose safety concerns for
parents [18]. Urban planners, transport planners and local councils have a significant role
to play in understanding the needs of the local community to ensure built environments
are conducive to healthy child development.

More positive perceptions of neighbourhood aesthetics were associated with greater
prosocial behaviours. This finding is consistent with previous research which found high-
quality local green spaces [35,60] and neighbourhood cleanliness [20] were associated
with young children’s prosocial behaviours as measured by the SDQ. There is substan-
tial evidence that urban greenery has positive effects on mental health in both children
and adults [61,62]. It is important to consider the perceived quality, not just access to
neighbourhood green spaces, with the former more important for mental health [60,63].

Unexpectedly, positive parental perceptions of walking and cycling facilities were
associated with social-emotional difficulties, which was only significant after residential
self-selection was taken into account. It is unclear what may be driving this relationship;
however, it highlights the importance of considering residential self-selection factors in
studies examining the relationship between parent perceptions of the built environment
and child development. Qualitative research could further explore and unpack the role of
residential self-selection on parents’ perceptions.

The strength and significance of the models remained relatively unchanged with
the addition of the child and parent socio-demographic factors, and the relationships
did not attenuate after adjusting for neighbourhood disadvantage and residential self-
selection. In addition, the amount of outdoor play did not explain the relationship between
parents’ perceptions of the built environment and social-emotional development. This
suggests that the direct relationship between perceptions of the neighbourhood built
environment and social-emotional development is robust, and/or that the influence of
the neighbourhood environment on social-emotional development occurs through other
pathways not examined in this study (e.g., parent-child active travel which is relatively
low in this young age group). Based on these findings, preliminary implications for urban
planning policy and practice include the need to consider parents’ perceptions of the built
environment in guidelines to create neighbourhoods that are beneficial to healthy child
development. Future research should seek to determine if parents’ perceptions act as a
moderator between the objective characteristics of a neighbourhood and social-emotional
development and further examine these relationships in disadvantaged neighbourhoods
and for those experiencing economic hardship. These findings can be used to inform
whether interventions should target modifications to the environment, perceptions, or both.
Further research could also examine how these findings differ by socio-demographic group
and explore why some perceived neighbourhood features were significantly associated
with social-emotional development outcomes but others were not.

Strengths and Limitations

A limitation of this cross-sectional study was that it was unable to determine a tempo-
ral relationship between parent perceptions and social-emotional development. Observa-
tional research investigating associations between the neighbourhood environment and
health assumes that the direction of effects flows from the neighbourhood to the individual
but does not consider how individuals may influence the neighbourhood through social
engagement with neighbours, upkeep of their properties or contributing to the safety of
the neighbourhood. There is a need for longitudinal research to determine the nature
and direction of these relationships in this young age group. Another limitation of this
study includes parent-reported measures for both the predictor and outcome variables
which may have introduced reporting or recall bias. In addition, the sample only included
parents whose children attended an ECEC centre, with the majority of respondents be-
ing mothers (91%), which may mean the results are not fully generalisable. Fathers may
perceive the neighbourhood environment and their child’s social-emotional development
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differently. Thus, future studies should investigate the impact of fathers’ perceptions of the
neighbourhood environment on child development.

Nevertheless, study strengths included the large sample size and adjustments for
child and parent socio-demographic characteristics and residential self-selection. There are
temporal issues with retrospectively asking parents to state the reasons for moving into
their neighbourhood in a cross-sectional study; however, our study attempted to account
for over- or under-estimation of neighbourhood effects by identifying the most important
reasons for selecting a neighbourhood through factor analysis and adjusting for these
factors in the models.

5. Conclusions

This study found that parents’ perceptions of the neighbourhood built environment are
associated with young children’s early social-emotional development outcomes. A better
understanding of the role of parents’ perceptions of the built environment in early social-
emotional development may potentially contribute to building healthier neighbourhoods
for families. This is of upmost importance with a child’s early years being a critical
developmental phase for future physical and mental health and wellbeing.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph19116476/s1, Table S1: Factor loadings of residential self-
selection items; Table S2: Adjusted linear regression coefficients exploring associations between
residential self-selection factors and perceived neighbourhood built environment outcomes; Table S3:
Adjusted linear regression coefficients exploring associations between neighbourhood socioeconomic
disadvantage and perceived neighbourhood built environment outcomes.

Author Contributions: Conceptualization, T.R., H.C. and A.N.; methodology, T.R., H.C., K.M. and
A.N.; formal analysis, T.R. and K.M.; writing—original draft preparation, T.R.; writing—review
and editing, H.C., K.M. and A.N.; supervision, H.C., K.M. and A.N.; funding acquisition, H.C. All
authors have approved the submitted version and agree to be accountable for all aspects of the
work in ensuring that questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. All authors have read and agreed to the published version
of the manuscript.

Funding: The PLAYCE Study was funded by the Western Australian Health Promotion Foundation
(Healthway; No. 32018). Hayley Christian is supported by an Australian National Heart Foundation
Future Leader Fellowship (100794 and 102549). This research was supported (partially) by the
Australian Government through the Australian Research Council’s Centre of Excellence for Children
and Families over the Life Course (CE200100025).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Human Research Ethics Committee of The University
of Western Australia (2020/ET000353).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The non-identifiable data presented in this study are available on
reasonable request from the corresponding author.

Acknowledgments: The PLAYCE study research team would like to thank our project team members
who collected the data, participating ECEC services and research partners: Australian Childcare
Alliance, UWA Childcare, Nature Play WA, Australian National Heart Foundation and the WA
Department of Local Government, Sport and Cultural Industries, who provided in-kind support.
We thank the families who participated in the PLAYCE study for their time and commitment. We
acknowledge the contribution of Stewart Trost, A/ Jasper Schipperijn, Clover Maitland, Gina Trapp
and A/ Bryan Boruff to the PLAYCE study.

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

https://www.mdpi.com/article/10.3390/ijerph19116476/s1
https://www.mdpi.com/article/10.3390/ijerph19116476/s1


Int. J. Environ. Res. Public Health 2022, 19, 6476 12 of 14

References
1. Siddiqi, A.; Irwin, L.G.; Hertzman, C. Total Environment Assessment Model for Early Child Development: Evidence Report.

WHO Commission on the Social Determinants of Health, 2007. Available online: https://www.who.int/social_determinants/
resources/ecd_kn_evidence_report_2007.pdf (accessed on 28 February 2021).

2. Australian Institute of Health and Welfare. Australia’s Children; AIHW: Canberra, ACT, Australia, 2020. Available online: https:
//www.aihw.gov.au/reports/children-youth/australias-children/contents/health/the-health-of-australias-children (accessed
on 21 February 2021).

3. Hamilton, M.; Redmond, G. Conceptualisation of Social and Emotional Wellbeing for Children and Young People, and Policy Implications;
Australian Research Alliance for Children and Youth and AIHW: Canberra, ACT, Australia, 2010. Available online: https:
//www.aracy.org.au/publications-resources/area?command=record&id=56 (accessed on 21 February 2021).

4. Sadler, K.; Vizard, T.; Ford, T.; Marcheselli, F.; Pearce, N.; Mandalia, D.; Davis, J.; Brodie, E.; Forbes, N.; Goodman, A.; et al. Mental
Health of Children and Young People in England 2017: Trends and Characteristics. Health and Social Care Information Centre:
Leeds, UK, 2018. Available online: https://digital.nhs.uk/data-and-information/publications/statistical/mental-health-of-
children-and-young-people-in-england/2017/2017 (accessed on 18 March 2022).

5. Fuchs, S.; Klein, A.M.; Otto, Y.; Von Klitzing, K. Prevalence of Emotional and Behavioral Symptoms and their Impact on Daily
Life Activities in a Community Sample of 3 to 5-Year-Old Children. Child Psychiatry Hum. Dev. 2013, 44, 493–503. [CrossRef]

6. Nicholson, J.M.; Lucas, N.; Berthelsen, D.; Wake, M. Socioeconomic inequality profiles in physical and developmental health from
0–7 years: Australian National Study. J. Epidemiol. Community Health 2012, 66, 81–87. [CrossRef] [PubMed]

7. National Scientific Council on the Developing Child. Establishing a Level Foundation for Life: Mental Health Begins in Early Childhood;
Working Paper 6; Harvard University: Cambridge, MA, USA, 2012.

8. Australian Institute of Health and Welfare. 3.1 The Role of the Family in Child Wellbeing, Cat. No. AUS 189th ed.; Australia’s Welfare
Series No. 12; AIHW: Canberra, ACT, Australia, 2015.

9. Bronfenbrenner, U. The Ecology of Human Development: Experiments by Nature and Design; Harvard University Press: Cambridge,
MA, USA, 1979.

10. 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] [PubMed]

11. Roosa, M.W.; Jones, S.; Tein, J.; Cree, W. Prevention science and neighborhood influences on low-income children’s development:
Theoretical and methodological issues. Am. J. Community Psychol. 2003, 31, 55–72. [CrossRef]

12. Shonkoff, J.P.; Phillips, D. From Neurons to Neighborhoods: The Science of Early Child Development; National Academy Press:
Washington, DC, USA, 2000.

13. Kim, Y.; Lee, S.; Jung, H.; Jaime, J.; Cubbin, C. Is neighborhood poverty harmful to every child? Neighborhood poverty, family
poverty, and behavioral problems among young children. J. Community Psychol. 2019, 47, 594–610. [CrossRef] [PubMed]

14. Christian, H.; Zubrick, S.; Foster, S.; Giles-Corti, B.; Bull, F.; Wood, L.; Knuiman, M.; Brinkman, S.; Houghton, S.; Boruff, B. The
influence of the neighborhood physical environment on early child health and development: A review and call for research.
Health Place 2015, 33, 25–36. [CrossRef]

15. Ding, D.; Sallis, J.F.; Kerr, J.; Lee, S.; Rosenberg, D.E. Neighborhood Environment and Physical Activity Among Youth: A Review.
Am. J. Prev. Med. 2011, 41, 442–455. [CrossRef]

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

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

18. 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]

19. 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] [PubMed]

20. Edwards, B.; Bromfield, L.M. Neighborhood influences on young children’s conduct problems and pro-social behavior: Evidence
from an Australian national sample. Child. Youth Serv. Rev. 2009, 31, 317–324. [CrossRef]

21. Lambert, A.; Vlaar, J.; Herrington, S.; Brussoni, M. What Is the Relationship between the Neighbourhood Built Environment and
Time Spent in Outdoor Play? A Systematic Review. Int. J. Environ. Res. Public Health 2019, 16, 3840. [CrossRef] [PubMed]

22. UNICEF. Shaping Urbanization for Children: A Handbook on Child-Responsive Urban Planning; UNICEF: Geneva, Switzerland, 2018.
23. 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]
24. Xu, H.; Wen, L.M.; Hardy, L.L.; Rissel, C. Mothers’ Perceived Neighbourhood Environment and Outdoor Play of 2- to 3.5-Year-Old

Children: Findings from the Healthy Beginnings Trial. Int. J. Environ. Res. Public Health 2017, 14, 1082. [CrossRef]
25. Orstad, S.L.; McDonough, M.H.; Stapleton, S.; Altincekic, C.; Troped, P.J. A Systematic Review of Agreement between Perceived

and Objective Neighborhood Environment Measures and Associations with Physical Activity Outcomes. Environ. Behav. 2017,
49, 904–932. [CrossRef]

https://www.who.int/social_determinants/resources/ecd_kn_evidence_report_2007.pdf
https://www.who.int/social_determinants/resources/ecd_kn_evidence_report_2007.pdf
https://www.aihw.gov.au/reports/children-youth/australias-children/contents/health/the-health-of-australias-children
https://www.aihw.gov.au/reports/children-youth/australias-children/contents/health/the-health-of-australias-children
https://www.aracy.org.au/publications-resources/area?command=record&id=56
https://www.aracy.org.au/publications-resources/area?command=record&id=56
https://digital.nhs.uk/data-and-information/publications/statistical/mental-health-of-children-and-young-people-in-england/2017/2017
https://digital.nhs.uk/data-and-information/publications/statistical/mental-health-of-children-and-young-people-in-england/2017/2017
http://doi.org/10.1007/s10578-012-0343-9
http://doi.org/10.1136/jech.2009.103291
http://www.ncbi.nlm.nih.gov/pubmed/20961874
http://doi.org/10.1037/0033-2909.126.2.309
http://www.ncbi.nlm.nih.gov/pubmed/10748645
http://doi.org/10.1023/A:1023070519597
http://doi.org/10.1002/jcop.22140
http://www.ncbi.nlm.nih.gov/pubmed/30417383
http://doi.org/10.1016/j.healthplace.2015.01.005
http://doi.org/10.1016/j.amepre.2011.06.036
http://doi.org/10.1136/jech-2019-212686
http://doi.org/10.1016/j.healthplace.2017.08.010
http://doi.org/10.1016/j.envres.2017.07.038
http://doi.org/10.3390/ijerph16091516
http://www.ncbi.nlm.nih.gov/pubmed/31035699
http://doi.org/10.1016/j.childyouth.2008.08.005
http://doi.org/10.3390/ijerph16203840
http://www.ncbi.nlm.nih.gov/pubmed/31614536
http://doi.org/10.1016/j.jenvp.2014.06.007
http://doi.org/10.3390/ijerph14091082
http://doi.org/10.1177/0013916516670982


Int. J. Environ. Res. Public Health 2022, 19, 6476 13 of 14

26. Villanueva, K.; Badland, H.; Kvalsvig, A.; O’Connor, M.; Christian, H.; 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. Pediatr. 2016, 16, 10–19. [CrossRef]

27. Boehmer, T.K.; Hoehner, C.M.; Wyrwich, K.W.; Ramirez, L.K.B.; Brownson, R.C. Correspondence between Perceived and
Observed Measures of Neighborhood Environmental Supports for Physical Activity. J. Phys. Act. Health 2006, 3, 22–36. [CrossRef]

28. Kirtland, K.A.; Porter, D.E.; Addy, C.L.; Neet, M.J.; Williams, J.E.; Sharpe, P.A.; Neff, L.J.; Kimsey, C.D., Jr.; Ainsworth, B.E.
Environmental measures of physical activity supports: Perception versus reality. Am. J. Prev. Med. 2003, 24, 323–331. [CrossRef]

29. Ball, K.; Jeffery, R.W.; Crawford, D.; Roberts, R.; Salmon, J.; Timperio, A.F. Mismatch between perceived and objective measures
of physical activity environments. Prev. Med. 2008, 47, 294–298. [CrossRef]

30. Koohsari, M.J.; Badland, H.; Sugiyama, T.; Mavoa, S.; Christian, H.; Giles-Corti, B. Mismatch between Perceived and Objectively
Measured Land Use Mix and Street Connectivity: Associations with Neighborhood Walking. J. Urban Health 2015, 92, 242–252.
[CrossRef] [PubMed]

31. Carver, A.; Timperio, A.; Crawford, D. Playing it safe: The influence of neighbourhood safety on children’s physical activity—A
review. Health Place 2008, 14, 217–227. [CrossRef] [PubMed]

32. Foster, S.; Villanueva, K.; Wood, L.; Christian, H.; Giles-Corti, B. The impact of parents’ fear of strangers and perceptions of
informal social control on children’s independent mobility. Health Place 2014, 26, 60–68. [CrossRef] [PubMed]

33. Foster, S.; Giles-Corti, B.; Knuiman, M. Neighbourhood design and fear of crime: A social-ecological examination of the correlates
of residents’ fear in new suburban housing developments. Health Place 2010, 16, 1156–1165. [CrossRef] [PubMed]

34. Renzaho, A.M.N.; Karantzas, G. Effects of parental perception of neighbourhood deprivation and family environment char-
acteristics on pro-social behaviours among 4–12 year old children. Aust. N. Z. J. Public Health 2010, 34, 405–411. [CrossRef]
[PubMed]

35. Putra, I.G.N.E.; Astell-Burt, T.; Cliff, D.P.; Vella, S.A.; Feng, X. Association between green space quality and prosocial behaviour:
A 10-year multilevel longitudinal analysis of Australian children. Environ. Res. 2020, 196, 110334. [CrossRef]

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

37. Sampson, R.; Morenoff, J.; Gannon-Rowley, T. Assessing ‘neighborhood effects’: Social processes and new directions in research.
Annu. Rev. Sociol. 2002, 28, 443–478. [CrossRef]

38. Boone-Heinonen, J.; Guilkey, D.K.; Evenson, K.R.; Gordon-Larsen, P. Residential self-selection bias in the estimation of built
environment effects on physical activity between adolescence and young adulthood. Int. J. Behav. Nutr. Phys. Act. 2010, 7, 70.
[CrossRef] [PubMed]

39. Lamb, K.E.; Thornton, L.E.; King, T.L.; Ball, K.; White, S.; Bentley, R.; Coffee, N.T.; Daniel, M. Methods for accounting for
neighbourhood self-selection in physical activity and dietary behaviour research: A systematic review. Int. J. Behav. Nutr. Phys.
Act. 2020, 17, 45. [CrossRef]

40. Christian, H.; Maitland, C.; Enkel, S.; Trapp, G.; Trost, S.G.; Schipperijn, J.; Boruff, B.; Lester, L.; Rosenberg, M.; Zubrick, S.
Influence of the day care, home and neighbourhood environment on young children’s physical activity and health: Protocol for
the PLAYCE observational study. BMJ Open 2016, 6, e014058. [CrossRef] [PubMed]

41. Goodman, A.; Goodman, R. Strengths and Difficulties Questionnaire as a dimensional measure of child mental health. J. Am.
Acad. Child Adolesc. Psychiatry 2009, 48, 400–403. [CrossRef] [PubMed]

42. Youth in Mind. What is the SDQ? 2012. Available online: https://www.sdqinfo.org/py/sdqinfo/b3.py?language=
Englishqz(Austral) (accessed on 3 March 2021).

43. Theunissen, M.H.; Vogels, A.G.; De Wolff, M.S.; Crone, M.R.; Reijneveld, S.A. Comparing three short questionnaires to detect
psychosocial problems among 3 to 4-year olds. BMC Pediatr. 2015, 15, 84. [CrossRef] [PubMed]

44. Rosenberg, D.; Ding, D.; Sallis, J.F.; Kerr, J.; Norman, G.; Durant, N.; Harris, S.K.; Saelens, B. Neighborhood Environment
Walkability Scale for Youth (NEWS-Y): Reliability and relationship with physical activity. Prev. Med. 2009, 49, 213–218. [CrossRef]

45. Saelens, B.E.; Sallis, J.F.; Black, J.B.; Chen, D. Neighborhood-Based Differences in Physical Activity: An Environment Scale
Evaluation. Am. J. Public Health 2003, 93, 1552–1558. [CrossRef]

46. Vanwolleghem, G.; Schipperijn, J.; Gheysen, F.; Cardon, G.; De Bourdeaudhuij, I.; Van Dyck, D. Children’s GPS-determined
versus self-reported transport in leisure time and associations with parental perceptions of the neighborhood environment. Int. J.
Health Geogr. 2016, 15, 16. [CrossRef]

47. International Physical Activity and Environment Network. IPEN Adolescent. 2012. Available online: https://www.ipenproject.
org/IPEN_adolescent.html (accessed on 15 March 2021).

48. Robinson, J.P.; Shaver, P.R.; Wrightsman, L.S. (Eds.) Criteria for scale selection and evaluation. In Measures of Personality and Social
Psychological Attitudes; Academic Press: San Diego, CA, USA, 1991.

49. Burdette, H.L.; Whitaker, R.C.; Daniels, S.R. Parental Report of Outdoor Playtime as a Measure of Physical Activity in Preschool-
aged Children. Arch. Pediatr. Adolesc. Med. 2004, 158, 353–357. [CrossRef]

50. Australian Bureau of Statistics. Socio-Economic Indexes for Areas (SEIFA) Technical Paper 2016; ABS: Canberra, Australia, 2016.
Available online: https://www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/756EE3DBEFA869EFCA258259000BA746/$File/
SEIFA%202016%20Technical%20Paper.pdf (accessed on 2 June 2021).

http://doi.org/10.1016/j.acap.2015.09.006
http://doi.org/10.1123/jpah.3.1.22
http://doi.org/10.1016/S0749-3797(03)00021-7
http://doi.org/10.1016/j.ypmed.2008.05.001
http://doi.org/10.1007/s11524-014-9928-x
http://www.ncbi.nlm.nih.gov/pubmed/25539783
http://doi.org/10.1016/j.healthplace.2007.06.004
http://www.ncbi.nlm.nih.gov/pubmed/17662638
http://doi.org/10.1016/j.healthplace.2013.11.006
http://www.ncbi.nlm.nih.gov/pubmed/24374289
http://doi.org/10.1016/j.healthplace.2010.07.007
http://www.ncbi.nlm.nih.gov/pubmed/20719555
http://doi.org/10.1111/j.1753-6405.2010.00574.x
http://www.ncbi.nlm.nih.gov/pubmed/20649782
http://doi.org/10.1016/j.envres.2020.110334
http://doi.org/10.1016/j.amepre.2017.06.035
http://doi.org/10.1146/annurev.soc.28.110601.141114
http://doi.org/10.1186/1479-5868-7-70
http://www.ncbi.nlm.nih.gov/pubmed/20920341
http://doi.org/10.1186/s12966-020-00947-2
http://doi.org/10.1136/bmjopen-2016-014058
http://www.ncbi.nlm.nih.gov/pubmed/27932343
http://doi.org/10.1097/CHI.0b013e3181985068
http://www.ncbi.nlm.nih.gov/pubmed/19242383
https://www.sdqinfo.org/py/sdqinfo/b3.py?language=Englishqz(Austral)
https://www.sdqinfo.org/py/sdqinfo/b3.py?language=Englishqz(Austral)
http://doi.org/10.1186/s12887-015-0391-y
http://www.ncbi.nlm.nih.gov/pubmed/26178201
http://doi.org/10.1016/j.ypmed.2009.07.011
http://doi.org/10.2105/AJPH.93.9.1552
http://doi.org/10.1186/s12942-016-0045-9
https://www.ipenproject.org/IPEN_adolescent.html
https://www.ipenproject.org/IPEN_adolescent.html
http://doi.org/10.1001/archpedi.158.4.353
https://www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/756EE3DBEFA869EFCA258259000BA746/$File/SEIFA%202016%20Technical%20Paper.pdf
https://www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/756EE3DBEFA869EFCA258259000BA746/$File/SEIFA%202016%20Technical%20Paper.pdf


Int. J. Environ. Res. Public Health 2022, 19, 6476 14 of 14

51. Tanton, R.; Dare, M.; Brinkman, S.; Corti, B.-G.; Katz, I.; Woolcock, G.; Goldfeld, S. Identifying Off-Diagonal Communities Using
the Australian Early Development Census Results. Soc. Indic. Res. 2017, 132, 977–992. [CrossRef]

52. Australian Bureau of Statistics. Socio-Economic Indexes for Areas (SEIFA) 2016; ABS: Canberra, ACT, Australia, 2016. Available
online: https://www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001 (accessed on 2 June 2021).

53. Retting, R.A.; Ferguson, S.A.; McCartt, A.T. A Review of Evidence-Based Traffic Engineering Measures Designed to Reduce
Pedestrian–Motor Vehicle Crashes. Am. J. Public Health 2003, 93, 1456–1463. [CrossRef]

54. Aarts, M.-J.; de Vries, S.I.; Van Oers, H.A.; Schuit, A.J. Outdoor play among children in relation to neighborhood characteristics: A
cross-sectional neighborhood observation study. Int. J. Behav. Nutr. Phys. Act. 2012, 9, 98. [CrossRef]

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. Foster, S.; Wood, L.; Francis, J.; Knuiman, M.; Villanueva, K.; Giles-Corti, B. Suspicious minds: Can features of the local
neighbourhood ease parents’ fears about stranger danger? J. Environ. Psychol. 2015, 42, 48–56. [CrossRef]

57. Veitch, J.; Bagley, S.; Ball, K.; Salmon, J. Where do children usually play? A qualitative study of parents’ perceptions of influences
on children’s active free-play. Health Place 2006, 12, 383–393. [CrossRef]

58. Brown, B.B.; Werner, C.M.; Amburgey, J.W.; Szalay, C. Walkable Route Perceptions and Physical Features: Converging Evidence
for En Route Walking Experiences. Environ. Behav. 2007, 39, 34–61. [CrossRef]

59. The Charter of New Urbanism. Who We Are; CNU: Washington, DC, USA, 2021; Available online: https://www.cnu.org/who-we-
are/charter-new-urbanism (accessed on 21 July 2021).

60. McEachan, R.R.C.; Yang, T.; Roberts, H.; Pickett, K.E.; Arseneau-Powell, D.; Gidlow, C.; 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]

61. McCormick, R. Does Access to Green Space Impact the Mental Well-being of Children: A Systematic Review. J. Pediatr. Nurs.
2017, 37, 3–7. [CrossRef] [PubMed]

62. Vanaken, G.-J.; Danckaerts, M. Impact of Green Space Exposure on Children’s and Adolescents’ Mental Health: A Systematic
Review. Int. J. Environ. Res. Public Health 2018, 15, 2668. [CrossRef]

63. 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]

http://doi.org/10.1007/s11205-016-1333-2
https://www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001
http://doi.org/10.2105/AJPH.93.9.1456
http://doi.org/10.1186/1479-5868-9-98
http://doi.org/10.1016/j.ypmed.2003.09.026
http://www.ncbi.nlm.nih.gov/pubmed/14672640
http://doi.org/10.1016/j.jenvp.2015.02.001
http://doi.org/10.1016/j.healthplace.2005.02.009
http://doi.org/10.1177/0013916506295569
https://www.cnu.org/who-we-are/charter-new-urbanism
https://www.cnu.org/who-we-are/charter-new-urbanism
http://doi.org/10.1016/S2542-5196(18)30119-0
http://doi.org/10.1016/j.pedn.2017.08.027
http://www.ncbi.nlm.nih.gov/pubmed/28882650
http://doi.org/10.3390/ijerph15122668
http://doi.org/10.1016/j.socscimed.2012.01.032

	Introduction 
	Materials and Methods 
	Study Design 
	Measures 
	Social-Emotional Development 
	Perceptions of the Neighbourhood Built Environment 
	Residential Self-Selection 
	Outdoor Play 
	Neighbourhood Socioeconomic Disadvantage 
	Covariates 

	Statistical Analyses 

	Results 
	Sample Characteristics 
	Association between Parents’ Perceptions of the Built Environment and Social-Emotional Development 

	Discussion 
	Conclusions 
	References

