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Research Highlights 

 Home yard and neighbourhood vegetation cover inversely associates with emotional 

difficulties in Australian children aged 2-5 

 Mediation by time spent playing outside the home, sleep, or physical activity is assessed 

 No association observed between vegetation cover and prosocial behaviours, nor conduct, 

hyperactivity and inattention, or peer difficulties 

 No association observed between vegetation cover in the early childhood education and 

care outdoor areas or neighbourhood with any of the five socioemotional indicators 

 

 

Abstract 

The environmental influences on early childhood development are understudied. The association 

between vegetation cover (i.e. trees, shrubs, grassed areas) in four key behaviour settings and 

socioemotional functioning was investigated in 1196 young children (2-5 years). Emotional 

difficulties were inversely associated with vegetation cover in the home yard (OR: 0.81 [0.69-0.96]) 

and neighbourhood (OR: 0.79 [0.67-0.94]), but not in early childhood education and care (ECEC) 

centre outdoor areas or the ECEC neighbourhood. The higher odds of emotional difficulties 

associated with lower levels of maternal education was reduced with higher percentages of home 

yard vegetation cover. There was no evidence of mediation of the relationship between emotional 

difficulties and vegetation cover by time spent playing outside the home, day or nighttime sleep 

duration, or physical activity. We found no associations between vegetation cover and conduct, 

hyperactivity and inattention, peer difficulties, or prosocial behaviours.  

 

 

Keywords: daycare, kindergarten, nature, outdoor play, socioecology, wellbeing  
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Although children are born with a predisposition to “learn, grow, and ‘become’” (Shonkoff and 

Phillips, 2000, p. 32), the social and physical environment in which they grow up can both facilitate 

and constrain their development (Bronfenbrenner, 1986). Recently, there has been a growing 

interest in contact with nature as an enabler of child health and developmental processes (Gill, 2014; 

Mygind et al., 2021). Being secondary to the more proximal influences on a child’s development (e.g. 

warm and consistent caregiving), modest effect sizes should be expected from the impact of contact 

with nature. Natural environments, however, are considered promising catalysts of individual and 

societal change since they are modifiable and lasting, widely accessible and inexpensive to maintain, 

and necessary for mitigating climate change (Hordyk et al., 2015; Newman et al., 2015). 

Furthermore, small benefits for the individual, when applied to large populations, can provide 

considerable impacts at a societal level (Rose, 2001).  

Contact with Nature as a Driver of Child Development 

Contact with nature is theorised to support children’s socioemotional functioning and development 

through active use but also through passive exposure. Natural configurations and content provide a 

varied and changeable set of action opportunities, or so-called affordances (Gibson, 1966). The 

actualisation of affordances depends on the interplay between the environment and the individual. 

For instance, a tree might afford climbing to one child, whereas another might be afraid of heights 

and therefore avoid climbing, but instead enjoy using the branches to build dens. Affordance-rich 

environments, such as natural environments, are thought to support diverse children with a wider 

array and complexity of play opportunities (Kyttä, 2002, 2003; Storli & Hagen, 2010). Natural 

elements, such as trees, shrubs, sand, and water, provide excellent affordances for play as they hold 

a plethora of options for interpretation and manipulation. For instance, natural environments are 

thought to stimulate and sustain cooperative, imaginative, and pretend play, which in turn fosters 

reasoning, communication, and interaction skills (e.g. turn-taking and conflict resolution) (for review, 

see Chawla, 2015). Natural environments are also thought to be rich in affordance for so-called ‘risky 

play’; that is, play that is perceived as thrilling and emotionally or physically challenging by the child 

(Fjørtoft, 2004; Sandseter & Kennair, 2011). Risky play is thought to nurture motor skills and bodily 

mastery, but also promote emotional understanding and management, as well as providing a sense 

of accomplishment and agency.  

Natural retreats and ‘green refuges’ are hypothesised to enable emotion restoration and 

management (Chawla, 2015). Emotion regulation can be divided into five stages: situation selection 

(i.e. influencing the situation one is exposed to), situation modification (i.e. changing one or more 

aspects of the situation), attention deployment (i.e. influencing which aspects that are perceived), 

cognitive change (i.e. altering the way the situation is cognitively represented), and response 

modulation (i.e. modifying emotion-related actions) (Gross, 2015). Green refuge cannot support 

situation selection and situation modification in an adaptive way (e.g. they cannot make a bully or an 

exam disappear). Natural environments, however, seem to support some children in regulating and 

managing emotions further ‘down-stream’ (i.e. attention deployment, cognitive change, and 

response modulation), particularly once stressors have been actualised. Ethnographic work 

suggested that vegetated enclosures and areas in childrens’ everyday life settings were used by six 

to 12 year old children as both a preferable distraction from life stressors and a happy place 

experienced as their own (Chawla et al., 2014). If such emotion regulation is successful and adaptive 
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(Gross & John, 2002), children may more readily manage negative emotions (e.g. anxious or 

ruminative states), and find it easier to find ways to work through adversities despite being unable 

to change the ultimate cause of potential distress. Amongst adults, there is evidence that walking in 

nature reduces self-reported rumination and neural activity in the subgenual prefrontal cortex, a 

brain region associated with self-focused behavioural withdrawal (Bratman et al., 2015).   

The preferability of natural environments for emotion regulation and management may also be 

elucidated by psycho-evolutionary theory (Ulrich et al., 1991). Psycho-evolutionary theory suggests 

that humans are hardwired to respond immediately and subconsciously to natural configurations 

and features for survival purposes (Ulrich et al., 1991). Physiological responses that underlie 

approach-or-avoid behaviours are thought to be engaged whenever appraising any situation or 

environment. While threatening environments and events activate a fight-or-flight response 

essential to survival, non-threatening natural environments activate the parasympathetic “rest and 

digest” system. Psycho-evolutionary theory suggests that stressors, such as urban stimuli and 

overcrowding, overexert the sympathetic nerve system, resulting in a constant state of arousal that 

natural features and environments might then alleviate (Ulrich et al., 1991). In this perspective, 

passive exposure to nature supports emotion regulation and management through stress recovery. 

Affordances for play and a place for emotional reprieve depend on an interaction between the 

individual and the environment, whereas psycho-evolutionary theory proposes that nature 

universally supports stress recovery and consequently emotion management.  

Amongst children under the age of 12, associations between access to and use of natural 

environments and emotion management and expression, behavioural inhibition, adaptive 

behaviours, and social skills have been observed, although the consistency of positive associations 

are modest; the proportion of significant findings compared with non-significant findings ranged 

from 13.9% to 55% for these outcomes (Mygind et al., 2021). Associations between natural 

environments and socioemotional function have received limited empirical attention in children 

under the age of six. However, the consistency of positive associations does not differ amongst 

children over or under the age of six (Mygind et al., 2021). In most of the studies conducted to date, 

socioemotional function was measured using the SDQ (Balseviciene et al., 2014; Flouri et al., 2014; 

McEachan et al., 2018; Zach et al., 2016). However, the availability of and exposure to nature has 

been operationalised in varied ways, such as proportion of vegetation cover within spatial units (e.g. 

McEachan et al., 2018; Scott et al., 2018), distance from home to green space (e.g. Balseviciene et 

al., 2014; Christian et al., 2017), and presence of green space within predefined neighbourhood 

boundaries (e.g. Zach et al., 2016). For instance, Scott et al. (2018) found that increased proportions 

of neighbourhood tree canopy within so-called home neighbourhood profile areas were associated 

with better self-regulation and fewer behavioural concerns over time, but not cross-sectionally 

amongst children at risk of developmental delay. 

Overall, the existing evidence base of potential developmental benefits of contact with nature is 

mostly based on small studies of mixed quality (Mygind et al., 2019). Previous research has tended 

to focus on natural environments around the home, thereby overlooking the totality of exposures as 

they accumulate across key behaviour settings (e.g. within the home, neighbourhood, early 

childhood education and care (ECEC), or school) (Mygind et al., 2021). Since Australian preschool-

aged children spend larger proportions of time in and around the home than, for example, at ECEC, 

these behaviour settings would be expected to be of special importance. The Australian Bureau of 
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Statistics (2014) report that 90% of children attend preschool for three days or less, with 87% 

attending for fewer than 20 hours, on a weekly basis. As such, further research is required to 

enhance our understanding of the relationship between child development and overall exposure to 

nature within the home yard, the home neighbourhood, ECEC outdoor areas, and the ECEC 

neighbourhood.  

The Present Study 

In a sample of Australian children aged two to five, we investigated associations between vegetation 

cover and five domains of child socioemotional function as measured by the SDQ (Goodman & 

Goodman, 2009). Exposures included vegetation cover within four key behaviour settings: 1) the 

home yard, termed ‘home’ throughout this paper, 2) the home neighbourhood, termed 

‘neighbourhood’, 3) ECEC outdoor areas, termed ‘ECEC’, and 4) the ECEC neighbourhood, termed 

‘ECEC neighbourhood’. Finally, we investigated the average across these four settings (i.e. ‘average’ 

vegetation cover).  

We investigated the possibility of buffering effects of vegetation cover against sociodemographic 

inequality  which is known to influence child development (e.g. household income or maternal 

education; Bronfenbrenner, 1986). Finally, we assessed whether the amount of outdoor play, 

physical activity, and duration of day-and night-time sleep mediated any observed associations.  

The analytical plan for the study was pre-registered to the Open Science Framework in August 2019 

(https://osf.io/xuvky/). Changes to the analytical plan are listed in Supplementary Material A. As 

specified in our pre-registration, we formulated three main hypotheses that were subjected to 

confirmatory testing: 

1. Higher average vegetation cover will be associated with fewer a) emotional 

symptoms, b) conduct problems, c) hyperactivity/inattention, d) peer relationship problems, 

and/or more e) prosocial behaviours.  

1a. Average vegetation cover is expected to reduce adverse impacts of 

sociodemographic inequality. 

2. Higher home, neighbourhood, ECEC, and ECEC neighbourhood vegetation cover will 

be associated with fewer a) emotional symptoms, b) conduct problems, c) 

hyperactivity/inattention, d) peer relationship problems, and/or more e) prosocial 

behaviours. Home and neighbourhood vegetation cover are expected to be associated with 

larger benefits than ECEC and ECEC neighbourhood vegetation as Australian preschool-aged 

children spend larger proportions of time in the former settings. 

3. Larger amounts of average vegetation cover will be associated with higher levels of 

outdoor play (in the home and neighbourhood), light-intensity physical activity (LPA), 

moderate-to-vigorous physical activity (MVPA), and duration of sleep, all of which are 

expected to be associated with fewer a) emotional symptoms, b) conduct problems, c) 

hyperactivity/inattention, d) peer relationship problems, and/or more e) prosocial 

behaviours. 
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Methods 

The current study used a subset of data from the PLAY Spaces and Environments for Children’s 

Physical Activity (PLAYCE) study, a cross-sectional study of 2119 children aged 2-5 years attending 

115 ECEC centres in metropolitan Perth, Australia (for study protocol, see Christian et al., 2016). The 

main objectives of the PLAYCE study focused on children’s physical activity across key behaviour 

settings (i.e.  home, neighbourhood, ECEC, and the ECEC neighbourhood). As part of a secondary 

objective, socioemotional functioning data were collected using a parent survey (Christian et al., 

2016).  

Participants 

Children were recruited via ECEC centres through four waves of data collection extending over a 

period of two years, to account for seasonal variations in weather and physical activity. Stratified 

random sampling at the level of the ECEC centre was used to ensure a broad representation of ECEC 

centre sizes located in low, middle, and high area-level socioeconomic status (Christian et al., 2016). 

Approximately 46% of all invited centres consented to participate (Christian et al., 2018). Within 

each consenting ECEC centre, parents of eligible children aged 2-5 were invited to participate. 

Children with recognised disability that would affect participation in physical activity and full-time 

formal schooling were ineligible for the study (Christian et al., 2016). This was outlined in the study 

information sheet and determined by parents before signing the consent form. This criterion was 

determined by the PLAYCE research team due to the primary study aim, which, as mentioned above, 

focused on investigating correlates of early childhood physical activity. This excluded only children 

with the severest disabilities and therefore did not limit variability in the outcome of interest within 

the present study.  

[Insert Table 1 around here] 

Within the current study, we used a subsample for whom full outcome and exposure data were 

available, resulting in a sample of 1196 children clustered in 102 centres. As such, 43.6% of 

participants (n = 923) were excluded because they were either missing outcome or exposure data 

(please see Table 1 for missing data across the full PLAYCE sample and the subsample used in this 

study).  

The subsample used in the current study did not differ by sociodemographic factors or across 

outcome or exposure variables from the full PLAYCE sample (data not shown). In comparison to a 

normative sample of Australian children (Kremer et al., 2015), the participants displayed more 

conduct difficulties and hyperactivity and inattention difficulties, and less prosocial behaviours. The 

female study participants also showed more emotional difficulties than the normative sample (data 

not shown). This is surprising considering that we used a community sample which was drawn 

through centre-level stratified random sampling. A few methodological differences might contribute 

to differences in the samples. For instance, the sample used in Kremer et al. (2015) was Victorian 

and recruited via schools, not ECEC, in 2010. The main reason for missing data was parents not 

completing all or some of the parent survey. There were no differences in geographical location as 

all were from the Perth metropolitan area.  
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Measures 

Socioemotional function 

Child socioemotional functioning was measured using the widely applied and validated parent-

response SDQ for two to four year olds (Goodman & Goodman, 2009). The SDQ measures 

socioemotional difficulty behaviours across four scales (i.e. emotional, conduct, hyperactivity and 

inattention, and peer problems) and one prosocial strengths scale.  

Each scale consists of five items, most of which use negative wording (e.g. ‘Restless, overactive, 

cannot stay still for long’ or ‘Can be spiteful to others’). Response categories are ‘Not true’ (score of 

0), ‘Somewhat true’ (score of 1), and ‘Certainly true’ (score of 2). Positively worded items are reverse 

coded so that higher scores across the scales indicate more difficulties. In accordance with SDQ 

guidelines, the measure was adapted to the cultural context; accordingly, three items (item 18, 21, 

and 22) were slightly reworded for an Australian context (youthinmind, 2015). For psychometric 

properties of the SDQ, please, see Supplementary Material B. 

Vegetation cover 

Vegetation cover (i.e. trees, shrubs, grassed areas) was measured for four distinct behaviour settings 

(i.e. home, neighbourhood, ECEC, and ECEC neighbourhood). The vegetation cover from these four 

behaviour settings was summed to calculate the average vegetation cover that each participant 

might interact with. Participant and ECEC addresses were geocoded and matched with vegetation 

cover data in ArcMap (ESRI) 10.x. Home and ECEC lots were sourced from the Western Australian 

2016 cadastral polygon dataset. The building footprint was subtracted from the cadastre to estimate 

yard areas. The size of the neighbourhood and ECEC neighbourhood areas were specified as 500m 

(via road network buffers) from the home and ECEC address, respectively.  

Vegetation cover was mapped across the Perth Metropolitan Region by the Commonwealth 

Scientific and Industrial Research Organisation’s (CSIRO) Urban Monitor program (Caccetta et al., 

2012). These data were captured in February 2016. High resolution, stereo, 4-band (red, blue, 

green, infra-red) aerial imagery was captured and processed by CSIRO, measuring vegetation and 

vegetation structure throughout the study area. These data present unprecedented accuracy 

(horizontal -20 cm; vertical -1 mm) compared to commonly used data sources, including Landsat 

satellite imagery (with 30 m resolution), which is often used to create, for instance, the Normalised 

Difference Vegetation Index (NDVI) (Rhew et al., 2011). Urban Monitor data products allows for the 

accurate identification of trees, shrubs, and grassed areas within smaller spaces, such as the home 

yard or ECEC centre outdoor area.  

Covariates and confounders 

Covariates were selected as specified in the pre-registered analytical protocol by investigating 

bivariate correlations between all sociodemographic and built environment (i.e. residential density, 

neighbourhood crime, and neighbourhood traffic) background variables and outcome, and/or 

exposure variables. Sociodemographic information about the child was collected as part of the 

PLAYCE parent survey (Christian et al., 2016). As described in the PLAYCE protocol, perceived 

neighbourhood crime and traffic were measured using the Neighbourhood Environment Walkability 

Scale for Youth (NEWS-Y) (Rosenberg et al., 2009). All covariates pre-specified in the pre-registration 

correlated with the outcomes and/or exposures (data not shown). 
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Deviances from the pre-registered analytical protocol should be mentioned. Due to substantial 

shared variance between maternal and paternal education level variables that caused convergence 

problems in the statistical modelling, we included only maternal education level. Existing research 

also mainly controls for maternal education. This variable was collapsed from seven to three 

categories; low (i.e. less than secondary level of schooling), medium (i.e. year 12, or trade, or 

diploma), and high education (i.e. a tertiary degree). Furthermore, we created a household level 

employment status variable that was more consistently associated with the socioemotional 

subdomains than the individual parent employment status variables. The original parental 

employment status variables included eight job-related categories that were collapsed into either 

paid or unpaid work (i.e. full or part time paid work, unpaid work in family business, or other unpaid 

work), or no work (i.e. no paid or unpaid job, retired, full-time studying, or home duties). These two 

variables were then combined into a three-level household variable (i.e. both parents in paid or 

unpaid jobs, one parent in paid or unpaid job, or neither parent in paid or unpaid job). Finally, a 

binary single parenting variable was created (i.e. yes or no) from the employment status variable 

when the option ‘no partner’ was selected.  

Mediators  

Observed associations between exposure and outcome variables were submitted to mediation 

analyses (please see the pre-registered analytical protocol). Time spent playing outside the home or 

the ECEC centre (Burdette & Whitaker, 2005) and day or nighttime sleep duration (Australian 

Government Department of Social Services, 2005) was reported as part of the parent survey 

(Christian et al., 2016). Physical activity (i.e. LPA and MVPA) was measured using accelerometry 

(Christian et al., 2016).  

Outliers and missing data 

Few outliers were identified in numeric variables via boxplots and Grubbs’ test; except for child age 

values that were negative or markedly under the two-year inclusion criteria for age, these were not 

considered true outliers as values were reasonable. Covariates and background variables ranged 

from having no missing data to a maximum of approximately 8% missing data in the perceived 

neighborhood crime scale. The missing data were found to be Missing Not At Random (MNAR) 

(indicated by Littles Missing Completely at Random test; chi squared; 984.4, p < 0.001) using the 

BaylorEdPsych R package (Beaujean, 2012). As per the pre-registered protocol, we therefore used 

five iterations of multiple imputation on missing data within the covariates (Rubin, 1976) using the 

mice package in R (Buuren & Groothuis-Oudshoorn, 2011). 

Statistical modelling 

Statistical assumptions 

The sample consisted mainly of typically developing children. Consequently, the individual SDQ 

difficulty subscales were left skewed (i.e. few difficulties) or, for the prosocial behaviours scale, right 

skewed. Bivariate scatterplots did not suggest linear associations with vegetation cover variables and 

the application of linear modelling to the data provided very low R2 statistics (data now shown). 

Visual inspection of residuals indicated that there were no issues concerning linearity of residuals. 

However, normal Q-Q plots suggested that residuals were not normally distributed, and plotting 

squared standardised residuals against fitted values suggested that residual variance was not even 

(i.e. heteroscedasticity). Transformations of the skewed outcome data did not provide improved 
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statistics. We concluded that the pre-registered plan to use linear statistical modelling would involve 

a risk of violating underlying assumptions and biased estimates (Williams et al., 2013). We therefore 

dichotomized the outcome data using gender and age derived cut-points (Kremer et al., 2015). 

Children characterized as ‘normal’ and ‘borderline normal’ were coded 0 and children categorised as 

‘abnormal’ were coded 1.  

Child-level data were clustered in ECEC centres. We tested whether a multi-level approach was 

necessary as proposed by Sommet and Morselli (2017). Running an empty multilevel model (with 

only outcome data and a second-level identifier) for each SDQ scale suggested that the second level 

(i.e. the ECEC centres) explained little variation in the outcomes (with intra-class correlations of less 

than 0.03); only within the peer problem scale did the ECEC centre level explain approximately 7% of 

the variation. For consistency, we therefore used multilevel modelling for all analyses, although the 

centres were expected to explain a negligible or, at the most, modest amount of variation in the 

individual subdomains. 

Main analyses 

Hypothesis 1 and 2 were investigated using logistic, multilevel regression for each individual 

socioemotional domain and vegetation exposure variable using the lme4 package (Bates et al., 

2015). Regression models were specified through backwards elimination. Odds ratios were 

computed using the MASS package (Venables & Ripley, 2002).  

Hypothesis 1.a (i.e. whether socially stratified inequalities in socioemotional function were reduced 

by level of vegetation cover) was investigated by comparing odds ratios (and 95% confidence 

intervals) for risk of socioemotional difficulties across the social predictor, stratified by vegetation 

cover tertiles. 

To establish the appropriateness of submitting identified associations to the planned mediation 

analyses (i.e. hypothesis 3), we tested whether the individual mediators were associated 

independently with the outcome of interest (Baron & Kenny, 1986). None of the predetermined 

mediators were associated with risk of emotional difficulties. As an independent relationship 

between the mediator and dependent variable of interest is fundamental to mediation analyses 

(Baron & Kenny, 1986), mediation analyses were not conducted.  

Since the combined vegetation analyses resulted in less clear associations compared to the 

individual behavioural settings (please, see Supplementary Material D), we tested hypothesis 1a and 

3 at the level of individual behaviour settings instead of the average across these.  

All statistical modelling was performed in R version 3.6.3 (2020-02-29). Scripts and a full list of used 

R packages are enclosed in Supplementary Material C.  

Sensitivity analyses 

We conducted sensitivity analyses with the subset of the sample for which complete information 

was available using an identical statistical approach as described above. We also ran the analyses for 

the home neighbourhood and the ECEC centre neighbourhood with an additional exposure buffer 

size (i.e. vegetation cover within 1600 m of the home and 150 m of the ECEC centre). These results 

are included in Supplementary Material D. Less than 5% of the children had recently relocated (i.e. 

within three months) and therefore no analysis excluding these children was performed.  
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Results 

Is average vegetation cover associated with reduced risk of socioemotional difficulties? 

(hypothesis 1) 

 Amongst the five domains of socioemotional function, only emotional difficulties were inversely 

associated with average vegetation (OR: 0.83, CI: 0.69-0.99). As per results described below, the 

summed analyses appeared to attenuate associations from individual behavioural domains. The 

results for average vegetation cover are enclosed in Supplementary Material D.   

Is vegetation cover in individual behaviour settings associated with reduced risk of 

socioemotional difficulties? (hypothesis 2) 
Amongst the five domains of socioemotional function, only emotional difficulties was inversely 

associated with vegetation cover in the home (OR: 0.82, CI: 0.68-0.96) and neighbourhood (OR: 0.79, 

CI: 0.67-0.94) (Table 2).  

[Insert Table 2 around here] 

Is vegetation cover associated with reduced adverse impacts of sociodemographic 

inequality? (hypothesis 1a) 

Maternal education was included in the final model investigating the associations between home 

and neighbourhood vegetation cover. In reference to the high education group (n = 678), the 

children of mothers in the low education group were reported to display more emotional difficulties 

(OR: 2.25, CI: 1.28-3.86, n = 70). The low education group also showed more emotional difficulties 

than the medium education group, as indicated by non-overlapping CIs, but the medium education 

group was not found to display more or less emotional problems in reference to the high education 

group (OR: 0.91, CI: 0.65-1.26, n = 448). Maternal education thus appeared as an important 

covariate for risk of emotional difficulties. 

No subgroup differences could be observed across neighbourhood vegetation cover tertiles (please, 

see Figure 1) suggested by CIs for the low and medium education level groups overlapping the 

reference (i.e. the high education subgroup). It is not clear from the results if home vegetation cover 

attenuates the disparities in emotional difficulties related to maternal education; the subgroup with 

the lowest maternal education level and access to the smallest proportion home vegetation cover 

reported more emotional difficulties than the subgroup with the highest maternal education and the 

smallest proportion of home vegetation (see Figure 2). However, emotional difficulties within the 

subgroup with the lowest education and the smallest proportion of home vegetation was not 

statistically different from the two subgroups with the lowest education but medium or high levels 

of home vegetation cover. There is substantial estimate uncertainty (i.e. broad CIs) and the findings 

must therefore be considered inconclusive. 
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Mediation of the relationship between socioemotional functioning and vegetation 

cover (hypothesis 3) 

Neither time spent outside, LPA, MVPA, nor sleep duration during day and night was associated with 

emotional difficulties. As such, no evidence for mediation could be found.  

Sensitivity analyses 

Complete data analyses agreed with the analyses described above (see output summary in 

Supplementary Material D). Results for neighbourhood and ECEC neighbourhood vegetation cover 

were largely replicated in the supplementary buffers (1600m around the home and 150m around 

the ECEC). However, the association between emotional difficulties and neighbourhood vegetation 

cover was attenuated in the 1600m buffer (OR: 0.86, CI: 0.72-1.01). Furthermore, an association 

between reduced peer difficulties was observed for vegetation cover within the larger buffer of 

1600m (OR: 0.79, CI: 0.63-0.96); this was not observed in the 500m buffer (OR: 0.88, CI: 0.73-1.07).  

Discussion  

This study investigated the extent to which vegetation cover in and averaged across four key 

behaviour settings (i.e. home, neighbourhood, ECEC, and ECEC neighbourhood) was associated with 

better socioemotional function in preschool-aged children.   

Amongst the four socioemotional difficulty domains (i.e. emotional, conduct, hyperactivity and 

inattention, peer difficulties) and the strength domain (i.e. prosocial behaviours), only the emotional 

difficulties subscale was found to be inversely associated with vegetation cover in the home yard 

and neighbourhood. Outdoor play, physical activity, and sleep were not found to mediate the 

relationship between pre-schooler socioemotional development and vegetation cover exposure. 

Finally, we found indications that the presence of home yard (but not neighbourhood) vegetation 

cover may act as a potential buffer against the inequality in risk of abnormal emotional difficulties 

related to maternal education levels. These indications, however, were questionable due to 

considerable statistical uncertainty.  

Vegetation cover and emotional functioning  

While we identified an association between vegetation cover in and around the home and emotional 

difficulties or maturity in children aged from two to five, no such cross-sectional associations have 

previously been identified in this age group (Balseviciene et al., 2014; Christian et al., 2017; Flouri et 

al., 2014; Scott et al., 2018). Balseviciene et al. (2014) identified no association for children with 

neither low nor high maternal educational attainment. In a study focusing on children at risk of 

developmental delay in the USA, Scott et al. (2018) found that increased proportions of 

neighbourhood tree canopy within so-called home neighbourhood profile areas were associated 

with better emotional self-regulation over time, but not cross-sectionally. Varied aspects of natural 

environments have been investigated, including greenness (i.e. NDVI), in a 300m radius around 

Lithuanian children’s homes (Balseviciene et al., 2014), distance to pocket parks or nature or 

conservation areas within Australian children’s suburb of residence (Christian et al. 2017), and 

having a garden and the proportion of vegetation in the so-called Lower Layer Super Output Areas, 

areas of 1000m2, in which British children resided (Flouri et al., 2014). 
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The individual-level and fine-grained (20 by 20 cm) measure of vegetation cover used in the current 

study lends higher sensitivity to identification of a potential relationship than, for instance, NDVI 

based on 30 by 30 meter resolution satellite imagery (Balseviciene et al., 2014), or semi-ecological 

applications (Christian et al., 2017; Flouri et al., 2014). This could in part explain these seemingly 

contradictory findings. Furthermore, we applied a logistic regression model rather than a linear 

model (Balseviciene et al., 2014; Christian et al., 2017; Flouri et al., 2014) due to the distribution of 

the outcome data. It is possible that the assumption of linearity in existing research is problematic in 

two ways; 1) applying a difficulty-oriented questionnaire (such as the SDQ) to a normative sample 

provides skewed data and less variation from which to discern potential linear associations, and may 

result in violation of assumptions and ineffective statistical modelling, and 2) the relationship may 

not in itself be linear (Shanahan et al., 2015). For example, Feng and Astell-Burt (2017) found that 

Australian children from approximately age four to 12, who resided in an area with between 21-41% 

parkland, displayed less internalising and externalising behaviours than the reference group, who 

had less than 5% parkland. This was not observed for children residing in areas with between 6-20% 

or above 41% parkland, which could suggest that the relationship, if present in children aged three 

to six, might not be straightforwardly linear. However, it could also reflect that the benefits of 

exposure to nature are accumulated longitudinally and become visible over time in this case later in 

childhood, as also suggested by Scott et al. (2018). Naturally, older children might also use their 

neighbourhood environments more often than younger children and thereby accrue more benefits. 

Although a viable explanation, there is currently no strong support for older children accruing larger 

benefits when comparing the proportion of positive findings in the literature for children under the 

age of six with children over the age of six (Mygind et al., 2021). 

Our findings are consistent with the proposition that home and neighbourhood vegetation cover 

might provide ‘green refuge’ (Chawla, 2015) to prevent or manage depressive and anxious moods, 

and thus reduce displays of emotional difficulties, even in early childhood. It is also possible that the 

passive exposures (e.g. simply viewing greenness) have a calming effect, as suggested by Ulrich et al. 

(1991). Stress reduction may be a key mechanism in the reduction of emotional difficulties, although 

there is currently limited, high quality research to support stress reduction effects in children 

(Mygind et al., 2021).. These environments may also afford ‘risky play’, a form of thrill-seeking play 

(Fjørtoft, 2004; Sandseter & Kennair, 2011), through which emotional understanding and 

management can be acquired. However, risky play is also thought to nurture self-regulation, which 

would reduce conduct and hyperactivity and inattention problems and we observed no associations 

with these behaviours. It is possible that these effects do not begin to manifest until middle 

childhood, when independent (albeit supervised) play becomes more pronounced.  

Vegetation cover and behavioural inhibition, adaptive behaviours, and social 

functioning  

In agreement with previous similar, observational studies (Balseviciene et al., 2014; Flouri et al., 

2014), we observed no positive associations with risk of hyperactivity and inattention difficulties 

with the proportion of neighbourhood vegetation cover. Concordantly, the total score across these 

four scales has previously not been found to associate with the proportion of neighbourhood NDVI 

for British children residing in urban areas (McEachan et al., 2018), although the presence and 

absence of parks in the proximity of child’s home has been associated with lower risk of borderline 

and abnormal total difficulties amongst German children, as well as hyperactivity and inattention 
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difficulties specifically (Zach et al., 2016). Shorter distances to parks were associated with reduced 

hyperactivity and inattention difficulties amongst children whose mothers had low education levels, 

whereas no association was found for children of highly educated mothers (Balseviciene et al., 

2014). 

In agreement with our findings, no associations were identified between residential greenness and 

conduct disorders by Flouri et al. (2014). In contrast, shorter distances to parks have been linked 

with reduced conduct problems amongst children whose mothers had low educational attainment, 

whereas no such association was observable in the high education group (Balseviciene et al., 2014). 

Counterintuitively, Balseviciene et al. (2014) reported that children of mothers with high maternal 

educational attainment displayed more conduct problems in association with higher levels of NDVI.  

Scott et al. (2018) found that increased proportions of neighbourhood tree canopy were associated 

with fewer behavioural concerns amongst children at risk of developmental delay over time, but not 

cross-sectionally, This association was not observed over time for typically developing children 

(Flouri et al., 2014). Future research would benefit from longitudinally assessing impacts on 

behavioural inhibition and adaptation skills, and perhaps closer attention to early childhood at-risk 

populations who may benefit from access to vegetation. 

Prosocial behaviours (McEachan et al., 2018), social competences (Christian et al., 2017), peer 

difficulties (Balseviciene et al., 2014; Flouri et al., 2014), and social attachment (Scott et al., 2018) 

have not previously been associated, either cross-sectionally or longitudinally, with neighbourhood 

vegetation in this age group. However, Balseviciene et al. (2014) found that more residential 

greenness was associated with fewer prosocial behaviours amongst children of mothers with high 

education levels. Overall, there seems to be little evidence for associations between social 

functioning and vegetation in this age group. However, further attention to social patterns 

interacting with the associations between vegetation and social functioning may provide new 

insights.  

Outdoor play and social functioning  

We found that outdoor play at home and in parks, independent of the amount of vegetation cover, 

was associated with reduced peer difficulties and increased prosocial behaviours (see 

Supplementary Material E). Since outdoor play did not interact with the proportion vegetation 

cover, it could suggest that the type of environment does not matter greatly for this age group; 

simply playing outside the home, regardless of the type of outdoor environment (e.g. roadsides, 

parks, playgrounds, or sporting facilities), is positively associated with these social aspects of child 

development. However, as the study was based on a cross-sectional design, reverse causation 

cannot be ruled out; children who are more socially adjusted may wish to play outside more often 

than children who perhaps are not interested in playing with other children or often come into 

conflict with others.  

Strengths and limitations  
This study involved a large, normative sample for which uniquely precise exposure data were used at 

the child-level. This allowed for an investigation of the influence of vegetation cover within spatial 

units of unprecedented sizes. Consequently, vegetation cover in the home yard appears to be a 

potential, modifiable exposure from which benefits for early childhood emotional functioning may 

be attained.  
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A limitation associated with the current study is that it is based on a cross-sectional design. Reverse 

causation in identified associations cannot be ruled out. Thus, the current study suggests 

associations should be investigated in subsequent intervention studies using rigorous, controlled 

designs. This will allow for the formulation of guidelines for urban planning and recommendations 

for home yard designs that support young children’s socioemotional development. Should future 

studies suggest positive effects, new residential developments should prioritise vegetation in the 

home, as well as the benefits to early child development from integrating parks and street 

vegetation in urban planning and development. 

Another potential limitation in this study relates to the possibility that participant subgroups might 

not respond to vegetation in the same way, e.g. that dense foliage can trigger stress responses 

which might especially be harmful to vulnerable subgroups (Kaplan & Kaplan, 1989). Subgroup 

analyses revealed that children to mothers of low education displayed more emotional difficulties 

than children with highly educated mothers with the same level of home vegetation cover. A similar 

trend was observed for the low education subgroup who had the most home vegetation cover 

compared to the high education subgroup. This might suggest a curvilinear trend similar to that 

which was observed, for example, by Shanahan et al. (2015). However, the trend was not significant 

and should therefore not be attributed undue importance. Still, it is worth noting that subgroup 

differences might have impacted main estimates in this study.    

Although missing data caused a reduction in the sample size, we did not observe significant 

differences in outcome, exposure, or background variables when comparing the current study 

sample with the overall PLAYCE sample. The sample appeared to display slightly more behavioral 

difficulties than their counterparts thought to be representative of the Australian norm (Kremer et 

al., 2015). As such, sample selection of resourceful children does not appear to have happened; if 

anything, the evidence would suggest the opposite. 

This study contains a number of hypothesis tests which could inflate false positives (Chen et al., 

2017). Using pre-registration, and by carefully documenting deviances from the original plan (see 

Supplementary Material A), we have sought to minimise issues pertaining to data dredging (Smith & 

Ebrahim, 2002). Furthermore, the application of family-wise control for multiple comparisons (i.e. 

four confirmatory hypothesis tests within each ‘family’ of socioemotional domain), would only have 

changed the certainty around the association between home yard vegetation associated and 

emotional difficulties. Using the Holm’s Sequential Bonferroni Procedure (Holm, 1979), a p value of 

0.0125 for the test producing the highest degree of significance (i.e. neighbourhood vegetation 

cover and emotional difficulties for which the p estimate was 0.007) and 0.0167 for the second 

highest degree of significance (i.e. home vegetation cover and emotional difficulties for which p was 

0.0166) would be required. Under these stricter conditions, the home vegetation cover findings 

appear to be only just below the significance threshold. However, considering the agreement in 

associations between emotional difficulties and vegetation cover across the home yard, 500m, and 

1600m buffers, as well as complete information analyses (i.e. the sensitivity analyses), we maintain 

that our findings confirm that vegetation in these key behaviour settings is associated with reduced 

emotional difficulties. 

Finally, this study assessed the influence of vegetation cover in ECEC settings. Although the aim of 

this study was not to assess use of natural environments, it is possible that parent, educator, and 
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ECEC level culture, practices, and policies moderate impacts of available vegetation. For example, 

parental perceptions of risk have been found to act as a potential barrier to children using outdoor 

areas (Brussoni et al., 2018). In other words, a child may have abundant neighbourhood natural 

environments or attend an ECEC centre that has high quality outdoor areas without being given the 

opportunity to use them. Future research may benefit from measuring these potentially moderating 

factors to allow identification of associations. 

Implications and conclusion 

In a large Australian sample of children aged two to five, we observed that, amongst four 

socioemotional difficulty domains, only emotional difficulties associated with vegetation cover in the 

home and neighbourhood (and not in the ECEC or ECEC neighbourhood). The observation that home 

vegetation cover may be a buffer against social inequalities for children at risk of emotional 

difficulties suggests that this is an avenue of investigation that could have levelling societal impacts. 

Further study of the influence of nature exposure on parental socioemotional functioning, or general 

wellbeing, as a mediator of child socioemotional functioning might be worthwhile. Future research 

should apply controlled, experimental designs, natural experiments, or interrupted time series 

designs to evaluate if this is in fact a causal relationship, which if supported might call for changes in 

the way home and nearby neighbourhoods are designed, accessed, and used by families.  

Neither time spent outside, physical activity, nor sleep duration was associated with emotional 

difficulties; thus, no mediation analyses were conducted. No evidence for moderation effects were 

found in exploratory analyses (please see Supplementary Material E). However, time spent playing 

outside was associated with reduced risk of peer difficulties and enhanced prosocial behaviours. This 

might suggest that aspects of social development primarily require time spent in public or shared 

areas, or other attributes of the physical environment rather than vegetation cover, specifically. 

Our study provides a confirmatory, cross-sectional perspective on the association between 

vegetation cover in the home yard on early childhood socioemotional functioning. Study findings 

contribute to a mixed body of evidence which underscores the need for closer investigation of when 

or under what circumstances exposure to nature might be beneficial for child socioemotional 

development. In addition to further testing these observations in controlled intervention studies or 

natural experiments, future longitudinal studies investigating impacts over time may further our 

understanding of if, and when, natural environments may benefit child socioemotional 

development. Progress has been made in terms of conceptualising the distinct indicators of natural 

environments, and their related qualities and attributes (e.g Bratman et al., 2019; Davis et al., 2021; 

Lamb et al., 2019). Further improved operationalisation and measurement of natural settings, 

including the quality and use of the natural environments, along with objective measurement of 

socioemotional functioning, might contribute to the identification of true associations and effects. 

This would include moving past linear assumptions about ‘more nature is better’ and further 

theorising about how distinct types and attributes of natural environments are thought to influence 

socioemotional functioning. For instance, the influence of natural environments or vegetation could 

vary as a function of widespread or sparse availability. Within the Australian landscape, which can be 

dry and barren in some regions, a single tree might make a significant difference. This, in turn, 

increases the significance of high-resolution measurement and suggests that climate and geography 

might impact on the generalisability of findings.  
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Table 1 

Full PLAYCE sample and study sample characteristics. Age and sex-relevant norms 
included from Kremer et al. (2014). 

 Full PLAYCE 
sample 

Study 
sample 

Boys Girls Boys 
norm 
(age 4) 

Girls 
norm 
(age 4) 

       

Number children N = 2,119 n = 1,196 n = 621 n = 575   

Number childcare 
centres 

N = 115 n = 102     

 

Child 
characteristics 

      

Child sex       

Male 1,094 (52.2%) 621 (51.9%)     

Missing 24 (1.1%) None     

Child age       

Mean/SD 3,32 ± 0.76 3,35 ± 0.77 3.34 ± 0.78 3.36 ± 0.75   

Missing 557 (26.3%) None None None   

 

Emotional 
difficulties 

      

Mean/SD 1.42 ± 1.38 1.41 ± 1.36 1.37 ± 1.32 1.46 ± 
1.40* 

1.3 ± 
1.5 

1.3 ± 
1.6 

Abnormal  218 (18.2%) 110 (17.7%) 108 (18.8%)   

Missing 491 (23.2%) None None None   

Conduct 
difficulties 

      

Mean/SD 2.19 ± 1.77 2.17 ± 1.75 2.31 ± 
1.84* 

2.02 ± 
1.64* 

1.3 ± 
1.4 

1.1 ± 
1.3 

Abnormal  441 (36.9%) 252 (40.6%) 189 (32.9%)   

Missing 492 (23.2%) None None None   

Hyperactivity/inattention      
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difficulties 

Mean/SD 3.86 ± 2.20 3.85 ± 2.18 4.13 ± 
2.18* 

3.55 ± 
2.14* 

3.3 ± 
2.2 

2.6 ± 
2.0 

Abnormal  332 (27.8%) 154 (24.8%) 178 (31.0%)   

Missing 493 (23.3%) None None None   

Peer difficulties       

Mean/SD 1.33 ± 1.41 1.31 ± 1.42 1.42 ± 1.50 1.19 ± 1.33 1.4 ± 
1.5 

1.2 ± 
1.4 

Abnormal  152 (12.7%) 64 (10.3%) 88 (15.3%)   

Table 1 continued. 

 Full PLAYCE 
sample 

Study 
sample 

Boys Girls Boys 
norm 
(age 4) 

Girls 
norm 
(age 4) 

       

Missing 494 (23.3%) None None None   

Prosocial 
behaviours 

      

Mean/SD 7.39 ± 1.80 7.37 ± 1.82 7.09 ± 
1.85* 

7.67 ± 
1.74* 

7.8 ± 
1.9 

8.3 ± 
1.9 

Abnormal  265 (22.2%) 120 (19.3%) 145 (25.2%)   

Missing 490 (23.1%) None None None   

       

Family 
characteristics 

      

Mother age       

Mean/SD 35.27 ± 5.61 35.26 ± 5.68 35.24 ± 
5.48 

35.29 ± 
5.88 

  

Missing 543 (25.6%) 7 (0.6%) 4 (0.6%) 3 (0.5%)   

Maternal 
education level 

      

Low 92 (5.6%) 70 (5.9%) 32 (5.2%) 38 (6.6%)   

Medium 631 (38.1%) 447 (37.4%) 245 (39.5%) 202 (35.2%)   

High 931 (56.3%) 678 (56.7%) 344 (55.4%) 334 (58.2%)   
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Missing 465 (21.9%) 1 (0.1%) None 1 (0.2%)   

Household employment status      

Both parents paid 
work 

1,175 (75.6%) 850 (76.0%) 453 (77.8%) 397 (74.1%)   

One parent paid 
work 

324 (20.8%) 227 (20.3%) 112 (19.2%) 115 (21.5%)   

Neither parent 
paid work 

55 (3.5%) 41 (3.7%) 17 (2.9%) 24 (4.5%)   

Missing 565 (26.7%) 78 (6.5%) 39 (6.3%) 39 (6.8%)   

Single parenting 
status 

      

No partner 120 (7.7%) 82/ (7.3%) 42 (7.2%) 40 (7.5%)   

Missing 565 (26.7%) 78 (6.5%) 39 (6.3%) 39 (6.8%)   

Number of 
siblings 

      

Mean/SD 1.87 ± 0.80 1.87 ± 0.79 1.89 ± 0.83 1.84 ± 0.75   

Missing 468 (22.1%) 3 (0.3%) 1 (0.2%) 2/ (0.3%)   

       

       

       

Table 1 
continued. 

      

 Full PLAYCE 
sample 

Study 
sample 

Boys Girls   

 

Built 
environment 

      

Residential 
density 
(dwellings/hectar
e) 

      

Mean/SD 19.10 ± 18.11 18.48 ± 
17.25 

17.82 ± 
14.11 

19.20 ± 
20.08 

  

Missing 196 (9.2%) None None None   
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Neighbourhood 
crime 

(1-4, 4 = most 
crime) 

      

Mean/SD 2.57 ± 0.71 2.55 ± 0.72 2.52 ± 0.70 2.59 ± 0.74   

Missing 615 (29.0%) 92 (7.7%) 39 (6.3%) 53 (9.2%)   

Neighbourhood 
traffic 

(1-4, 4 = most 
traffic) 

      

Mean/SD 2.45 ± 0.35 2.44 ± 0.35 2.42 ± 0.35 2.47 ± 0.33   

Missing 609 (28.7%) 93 (7.8%) 45 (7.2%) 48 (8.3%)   

      

Vegetation cover      

Home (%)      

Mean/SD 18.58 ± 14.34 18.73 ± 
14.18 

18.62 ± 
14.30 

18.85 ± 
14.06 

  

Missing 45/2,119 
(21.3%) 

None None None   

Neighbourhood (%)      

Mean/SD 23.96 ± 9.23 24.13 ± 9.06 24.41 ± 
9.06 

23.83 ± 
9.05 

  

Missing 452 (21.3%) None None None   

ECEC outdoor areas (%)      

Mean/SD 23.69 ± 21.45 24.34 ± 
21.56 

23.31 ± 
20.98 

25.45 ± 
22.13 

  

Missing 206 (9.7%) None None None   

ECEC neighbourhood (%)      

Mean/SD 23.72 ± 7.32 23.57 ± 7.56 24.00 ± 
7.50 

23.83 ± 
9.05 

  

Missing 206 (9.7%) None None None   

* Different from SDQ norm for age and sex.  
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Table 2 

Association between vegetation cover and SDQ subscales, unadjusted and adjusted odds ratios 

 Unadjusted OR Adjusted OR* 

   

Emotional difficulties1 

Home yard 0.78 [0.67-0.92] 0.81 [0.69-0.96] 

Neighbourhood 0.76 [0.65-0.90] 0.79 {0.67-0.94] 

ECEC outdoor area 0.91 [0.77-1.08] 0.94 [0.78-1.10] 

ECEC neighbourhood 1.01 [0.86-1.20] 1.04 [0.88-1.23] 

   

Conduct difficulties2 

Home yard 0.89 [0.79-1.01] 0.93 [0.82-1.05] 

Neighbourhood 0.87 [0.77-0.98] 0.89 [0.78-1.01] 

ECEC outdoor area 0.91 [0.80-1.02] 0.93 [0.82-1.05] 

ECEC neighbourhood 1.00 [0.88-1.13] 1.01 [0.90-1.14] 

   

Hyperactivity difficulties3 

Home yard 0.96 [0.84-1.09] 0.99 [0.86-1.13] 

Neighbourhood 1.00 [0.87-1.14] 1.04 [0.90-1.19] 

ECEC outdoor area 0.90 [0.78-1.04] 0.94 [0.81-1.08] 

ECEC neighbourhood 0.97 [0.83-1.12] 0.98 [0.85-1.13] 

   

Peer difficulties4 

Home yard 1.04 [0.86-1.24] 1.07 [0.89-1.28] 

Neighbourhood 0.87 [0.72-1.05] 0.88 [0.73-1.07] 

ECEC outdoor area 0.87 [0.70-1.06] 0.89 [0.71-1.09] 

ECEC neighbourhood 0.96 [0.77-1.18] 0.99 [0.80-1.21] 
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Prosocial behaviours5 

Home yard 1.01 [0.87-1.16] 0.99 [0.86-1.14] 

Neighbourhood 0.98 [0.85-1.13] 0.97 [0.84-1.12] 

ECEC outdoor area 0.89 [0.76-1.04] 0.89 [0.75-1.04] 

ECEC neighbourhood 1.08 [0.93-1.26] 1.10 [0.94-1.29] 

   

Note. Significant associations (p < 0.05) bolded.  

 

*Models are controlled for covariates found to correlate with the individual outcome. Covariates 
included in individual models result of stepwise, backwards elimination. All covariates tested 
include; child sex, child age, parent age, maternal education level, household employment status, 
single parent status, number of siblings, perceived neighbourhood crime, perceived neighbourhood 
traffic, residential density, size of home yard (for home yard and neighbourhood), and size of ECEC 
outdoor areas (for ECEC yard and neighbourhood). 

1 Adjusted for child age, parent age, maternal education level, and perceived neighbourhood crime. 

2 Adjusted for child sex, maternal education level, and perceived neighbourhood crime. ECEC yard 
model also adjusted for the size of the outdoor area and ECEC neighbourhood model also adjusted 
for parent age. 

3 Adjusted for child sex, maternal level of education, single parent status, and perceived 
neighbourhood traffic. 

4 Adjusted for child sex, maternal level of education, household employment status, and perceived 
neighbourhood traffic. 

5 Adjusted for child sex, child age, and number of siblings.  
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Figure 1 Odds ratio (95% CI) for emotional difficulties for low and medium education group in 

reference to high education group, stratified by neighbourhood vegetation cover tertiles. Numbers 

in brackets refer to the percentage vegetated space in the neighbourhood across the lowest, 

medium, and highest vegeation cover tertiles. Square brackets means including and round brackets 

excluding the numerical value. The thick line represents the reference point (OR = 1), that is, the high 

education group. 
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Figure 2 Odds ratio (95% CI) for emotional difficulties for low and medium education group in 

reference to high education group, stratified by home vegetation cover tertiles. Numbers in brackets 

refer to the percentage vegetated space in the home across the lowest, medium, and highest 

vegeation cover tertiles. Square brackets means including and round brackets excluding the 

numerical value. The thick line represents the reference point (OR = 1), that is, the high education 

group. 

 

 

 


