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A B S T R A C T   

Introduction: Adolescents, especially females, tend to experience poorer mental health if they are higher in 
introversion and neuroticism. As a result, they also may have more to gain from having quality green space (e.g. 
parks) nearby to enable restoration, but this remains tested. 
Method: Cross-sectional data on 2946 adolescents aged 16-17y were extracted from the Longitudinal Study of 
Australian Children. Multilevel linear regressions assessed association between parent/caregiver green space 
quality perception with self-reported Strengths and Difficulties Questionnaire Total Difficulties Scores (TDS) and 
internalising (e.g. anxiety) and externalising (e.g. fidgetiness) subscales. Models were weighted for representa-
tiveness, accounted for spatial clustering within postcodes, and adjusted for geographic stratum and socioeco-
nomic confounders. This was followed by adjustment for introversion and neuroticism, and then three-way 
interaction terms between each trait, green space quality and sex to assess for potential effect modification. 
Results: Quality green spaces was associated with higher TDS (β = 1.506; SE = 0.371), internalising (β = 0.982; 
SE = 0.220) and externalising (β = 0.518; SE = 0.234) scores (i.e. poorer mental health). Introversion was 
associated with higher TDS (β = 1.416; SE = 0.089), higher internalising (β = 1.233; SE = 0.050) and higher 
externalising scores (β = 0.181; SE = 0.056). Similar associations were observed for neuroticism and TDS (β =
2.283; SE = 0.084), internalising (β = 1.627; SE = 0.046) and externalising scores (β = 0.656; SE = 0.056). Mean 
levels of introversion were similar for girls and boys (1.73 vs 1.76, p = 0.6573), but mean levels of neuroticism 
were notably higher in girls than boys (2.42 and 1.67, p < 0.0001). Likelihood ratio tests indicated three-way 
interactions improved models analysing the internalising subscale outcome only. Green space quality made no 
difference to associations between introversion or neuroticism and internalising scores in males. Quality green 
space was associated with 3.2 and 2.1 reductions in mean internalising scores among females with the highest 
levels of introversion or neuroticism, respectively. 
Conclusions: Individual differences in psychological traits may predispose some adolescents, and females espe-
cially, to restoration from green space.   

1. Introduction 

Adolescence is a critical period in which environments encountered 
can shape dynamic brain development, personal capabilities and health 

across the adult lifecourse (Patton et al., 2016). Increasing rates of 
adolescent self-harm and poorer mental health have been reported in 
some countries from the early 2010s (McManus et al., 2019; McManus 
and Gunnell DJ, 2020; Twenge, 2020). This has been linked with rising 
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use of social media, with reports of increased harm among adolescent 
females concomitant with online harassment, poor sleep, low 
self-esteem, poor body image and increased symptoms of depression 
(Ivie et al., 2020; Kelly et al., 2018). Evidence suggests that psycho-
logical therapy, which may involve community-based interventions, can 
help to alleviate depressive symptoms in adolescents (Das et al., 2016). 
Community-based interventions not only include creative activities (e.g. 
music, dance, drama, singing) which take place in a shared setting (e.g. a 
local park), but may also involve more radical changes to the environ-
ments in which people live, such as the creation of, or improvement in 
the quality of, a local park (Nguyen et al., 2021; Shanahan et al., 2019). 

Outdoor recreation, mitigation of ambient risks (e.g. excessive 
noise), stress reduction and attentional restoration are among many 
inter-related domains of pathways hypothesised to link contact with 
green space with better mental health (Hartig et al., 2014; Markevych 
et al., 2017). Two key theories of restoration underpin the conventional 
narrative. In brief, Attentional Restoration Theory contends that contact 
with green space can replenish psychophysiological and cognitive re-
sources which become depleted through adaptation to everyday de-
mands (Kaplan and Kaplan, 1989). In contrast, though difficult to 
disentangle empirically, is Psycho-Evolutionary Theory (Ulrich et al., 
1983), or more commonly known as Stress Reduction Theory, in which 
contact with green space mitigates the impacts of everyday demands 
that would otherwise undermine psychological capacities necessary for 
adaptation. More recently, notable theoretical additions have included: 
(1) Relational Restoration Theory (RRT), which emphasises how green 
spaces attend to supportive exchanges that distance people from de-
mands and strengthen pro-social experiences that may help to support 
social health (e.g. reduced loneliness (Astell-Burt et al., 2021)); and (2) 
Collective Restoration Theory (CRT), which focusses on relaxation of 
demands and support for positive shared experiences within local 
communities or entire populations (Hartig et al., 2021). These canonical 
and emerging theories may indicate the potential for positive feedback 
loops benefiting mental health via improvements in physical activity 
(Feng et al., 2021a,b; Putra et al., 2021a) and better sleep (Schertz and 
Berman, 2019; McMahan and Estes, 2015; Astell-Burt and Feng, 2020a; 
Feng et al., 2021a,b). 

A systematic review (Vanaken and Danckaerts, 2018) summarised 
evidence of association between green space availability and reduced 
emotional and behavioural difficulties in children, especially in terms of 
reduced hyperactivity and inattention problems. It found inconsistent 
evidence of association between green space and mental health in 
studies of adolescents (Vanaken and Danckaerts, 2018). To some extent 
this might be due to variations in the quality of green space, which have 
been shown to be increasingly important for mental health as children 
grow into adolescents (Feng and Astell-Burt, 2017a,d). Differences in 
green space quality may also play a role in contrasting degrees of as-
sociation between green space and health, such as reported sex differ-
ences (Sanders et al., 2015a, 2015b; Markevych et al., 2014, 2016). This 
indicates that while green space qualities may be objectively measur-
able, the extent that they generate better health outcomes may depend 
on how those qualities are perceived, or resonate, with individual dif-
ferences in underlying preferences, needs and antecedent conditions 
(Astell-Burt et al., 2021; Astell-Burt and Feng, 2020b). 

An under-researched case of individual differences in epidemiolog-
ical research on green space and health is the extent to which the ben-
efits accrued may vary across some of the ‘Big Five’ personality traits 
(conscientiousness, agreeableness, neuroticism, openness to experience, 
and extraversion) (Soto and Tackett, 2015; Senese et al., 2020; Ambrey 
and Cartlidge, 2017). For example, higher degrees of introversion (i.e. 
the inverse of extraversion) and neuroticism are associated with 
increased risks of loneliness (Buecker et al., 2019) and depressive 
symptoms (Hakulinen et al., 2015). Adolescent girls may be particularly 
susceptible due to reportedly higher levels of neuroticism (Soto and 
Tackett, 2015). Quality green spaces may attend to these individual 
differences in need by offering heightened senses of safety in solitude 

(Birch et al., 2020) and by providing settings that simultaneously pro-
vide relief from social anxieties, while also sustaining a sense of com-
munity through public gatherings and social rituals (Neal et al., 2015) 
(Etzioni, 2000). Thus, adolescents who are prone to chronic shyness, 
rumination, and loneliness in part because of higher levels of introver-
sion and/or neuroticism may benefit more from high quality green space 
nearby to enable psychological restoration. In comparison, their peers 
who happen to be lower in introversion (i.e. more extraverted) or 
neuroticism (i.e. more emotionally stable) may benefit comparatively 
less in terms of mental health from having quality green space nearby 
due to lower levels of underling need. 

Accordingly, the aim of our study was to test this ‘individual differ-
ences’ hypothesis; adolescents higher in introversion and/or neuroti-
cism will have stronger association between quality green space and 
mental health in comparison with their more extraverted and/or 
emotionally stable peers. We further hypothesise that these individual 
differences in associations between green space and mental health 
would be stronger for female adolescents compared with their male 
counterparts, due to reportedly higher levels of neuroticism in females. 

2. Methods 

2.1. Data 

The study focussed on participants of the 6th wave of the Longitu-
dinal Study of Australian Children (LSAC) aged 16-17y. The LSAC “K 
cohort” originally began in 2004 with an original sample of 4983 
recruited from the Medicare enrolment database, with one child per 
family selected via a spatially clustered design across all states and 
territories. Participation in wave 6 involved self-reports from adoles-
cents and their parents/caregivers and a sample of 3089. The Australian 
Government Department of Social Sciences and the Human Research 
Ethics Committee at the University of Wollongong (2019/015) approved 
data analysis of the LSAC. 

2.2. Mental health 

Three outcome variables were derived from the Strengths and Dif-
ficulties Questionnaire (Goodman, 1997), a 25-item behavioural 
screening tool for child wellbeing validated for use in multicultural 
settings (Achenbach et al., 2008). The SDQ was reported by adolescents 
aged 16y-17y. The SDQ comprises five subscales: (i) emotional symp-
toms; (ii) conduct problems; (iii) hyperactivity and inattention; (iv) peer 
relationship problems; and (v) prosocial behaviour. Three outcomes 
were developed from these five subscales. Tests of residuals were 
indicative of the normal distribution in each of the three outcomes. The 
first outcome was the ‘Total Difficulties Score’ (TDS) ranging from 0 to 
40, where higher scores denote greater levels of difficulty and an 
increased probability of mental disorders (Goodman and Goodman, 
2009), calculated by summing the emotional symptoms, conduct prob-
lems, hyperactivity and peer problems scales. The second outcome was 
the “internalising” subscale, denoting difficulties that may be internal-
ised (e.g. nervousness, worry, anxiety, or depression) and derived by 
summing the emotional symptoms and peer problems scales. The third 
outcome was the “externalising” subscale, denoting difficulties that may 
be externalised (e.g. fidgetiness, impulsiveness, or a lack of concentra-
tion) and derived by summing the conduct problems and hyperactivity 
scales. The internalising and externalising outcomes range from 0 to 20 
and their construct validity has been previously reported (Goodman 
et al., 2010). 

2.3. Green space quality 

Parent/care-giver perceived quality of green space was measured 
when the participants were aged 14-15y, to align exposure prior to 
outcome measurement. Perceived green space quality was measured by 
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aggregating Likert scale caregiver-reports to the statement “there are 
good parks, playgrounds and play spaces in this neighbourhood” to ‘strongly 
agree’, ‘agree’ or ‘disagree/ambivalent’. Adolescent-reported green 
space quality was not available in the data. 

3. Introversion and neuroticism 

The ‘big five’ personality traits were based on 5-point Likert scale 
responses to 10 questions. These questions were put to adolescents aged 
16y-17y, beginning with “How well do the following statements describe 
your personality?” The introversion scale (the inverse of the extraversion 
scale) was measured using the mean of responses to “I see myself as 
someone who is reserved/keeps thoughts and feelings to self” and (reversed) 
“I see myself as someone who is outgoing, sociable.” The neuroticism scale 
was measured using the mean of responses to (reversed) “I see myself as 
someone who is relaxed, handles stress well” and “I see myself as someone 
who gets nervous easily.” Each of these scales range from 1 to 5 and were 
analysed in continuous format. 

3.1. Potential confounders 

Potential confounders known to influence both mental health and 
availability of green space include adolescent age (16y, 17y) and sex 
(female, male), maternal education (<10y, 10y, >10y), weekly house-
hold income (in tertiles), and family structure at birth (main parent/ 
caregiver married, cohabiting, dating, or not in a relationship). 

3.2. Statistical analysis 

Descriptive analyses (frequency tables, percentages) were used to 
examine patterns of the mean TDS, and internalising and externalising 
scores, across participants characteristics and green space quality. Mean 
unadjusted differences in introversion and neuroticism were also 
assessed by sex. Characteristics of participants omitted due to missing 
mental health outcome data (N = 143; 4.6% of the original sample of 
3089) were examined using descriptive statistics (Supplementary 
Table 1). Participants who were aged 17y and/or in the lower income 
tertile had higher odds of being omitted due to missing outcome data. 

Multilevel linear regressions were constructed to take into account 
complex sampling of the Longitudinal Study of Australian Children, 
including accounting for the nesting of participants (level 1) within 
postcodes (level 2), fitting of sample weights to ensure results are na-
tionally representative, and adjustment for stratum used to differentiate 
between metro and non-metro areas of Australian states and territories. 
Models initially tested association between green space quality and each 
of the three outcome variables, adjusted for potential sources of de-
mographic and socioeconomic confounding. Introversion and neuroti-
cism were then added to each model separately to assess association 
with each outcome and to examine potential effects on association be-
tween mental health, sex and green space quality. 

Finally, three-way interaction terms were fitted in each model be-
tween introversion or neuroticism, sex, and green space quality to test 
our effect modification hypotheses. Statistically significant evidence of 
effect modification was determined through performing likelihood ratio 
tests between models with and without the three-way interaction term. 
Predicted means were extracted from fully adjusted multilevel models to 
illustrate results from the three-way interactions. Descriptive analyses 
were conducted in Stata v.14 (StataCorp, College Station, TX) using the 
‘SVY’ command, while multilevel models were fitted in MLwIN v3.02 
(Rasbash et al., 2000). 

4. Results 

Mean TDS, internalising and externalising subscales in the full 
sample of 2946 participants was 11.40 (95%CI 11.15, 11.65), 5.50 (95% 
CI 5.35, 5.65) and 5.90 (95%CI 5.76, 6.04), respectively (Table 1; please 

Table 1 
Mean adolescent-reported Strengths and Difficulties Questionnaire Total Diffi-
culties Scores, and Internalising and Externalising subscales.  

Characteristic N (%) Total 
Difficulties 
Score 

Internalising 
subscale 

Externalising 
subscale   

Mean (95%CI) 

Full sample 2946 11.40 
(11.15, 
11.65) 

5.50 (5.35, 
5.65) 

5.90 (5.76, 
6.04) 

Adolescent Age     
16y 1620 

(52.4%) 
11.30 
(10.96, 
11.64) 

5.49 (5.28, 
5.70) 

5.82 (5.62, 
6.01) 

17y 1326 
(47.6%) 

11.50 
(11.14, 
11.87) 

5.52 (5.30, 
5.74) 

5.99 (5.78, 
6.19) 

Adolescent Sex     
Male 1496 

(51.0%) 
10.70 
(10.37, 
11.03) 

4.57 (4.38, 
4.77) 

6.12 (5.93, 
6.32) 

Female 1450 
(49.0%) 

12.13 
(11.76, 
12.49) 

6.47 (6.25, 
6.69) 

5.66 (5.46, 
5.86) 

Weekly 
Household 
Income 
(tertiles)     
1 (≤ $2050) 750 

(29.5%) 
12.00 
(11.47, 
12.52) 

5.86 (5.55, 
6.16) 

6.14 (5.85, 
6.43) 

2 ($2051 - 
$3387) 

750 
(24.4%) 

11.45 
(10.96, 
11.93) 

5.61 (5.29, 
5.93) 

5.84 (5.57, 
6.11) 

3 ($3388 - 
$20,287) 

748 
(20.9%) 

10.52 
(10.08, 
10.96) 

4.96 (4.70, 
5.23) 

5.56 (5.30, 
5.82) 

Missing 698 
(25.2%) 

11.38 
(10.89, 
11.87) 

5.43 (5.14, 
5.73) 

5.95 (5.67, 
6.22) 

Maternal 
Education     
<10yr 294 

(14.9%) 
11.56 
(10.79, 
12.33) 

5.57 (5.12, 
6.02) 

5.99 (5.55, 
6.43) 

10yr 243 
(6.5%) 

11.86 
(11.03, 
12.69) 

5.70 (5.17, 
6.23) 

6.16 (5.72, 
6.60) 

>10yr 2274 
(73.2%) 

11.23 
(10.95, 
11.51) 

5.44 (5.26, 
5.61) 

5.79 (5.64, 
5.95) 

Missing 135 
(5.4%) 

12.70 
(11.58, 
13.82) 

5.98 (5.36, 
6.61) 

6.72 (6.08, 
7.35) 

Family structure 
at birth     
Married 2419 

(75.8%) 
10.92 
(10.66, 
11.18) 

5.23 (5.08, 
5.39) 

5.68 (5.54, 
5.83) 

Cohabiting 237 
(9.4%) 

12.59 
(11.73, 
13.44) 

6.17 (5.63, 
6.71) 

6.41 (5.94, 
6.88) 

Dating 71 
(3.6%) 

12.09 
(10.54, 
13.65) 

6.20 (5.21, 
7.19) 

5.90 (5.04, 
6.75) 

No 
relationship 

219 
(11.2%) 

13.44 
(12.47, 
14.40) 

6.54 (5.96, 
7.12) 

6.90 (6.33, 
7.46) 

Good parks 
nearby     
Strongly agree 1037 

(32.5%) 
10.69 
(10.30, 
11.08) 

5.00 (4.76, 
5.24) 

5.69 (5.47, 
5.91) 

Agree 1323 
(44.9%) 

11.40 
(11.02, 
11.77) 

5.52 (5.30, 
5.75) 

5.87 (5.66, 
6.08) 

Disagree 

(continued on next page) 
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note that these results are descriptive and unadjusted). Each of the 
mental health outcomes were higher (i.e. worse) on average among 
participants whose caregivers considered there to be an absence of good 
quality parks nearby. Participants who scored higher on the introversion 
or neuroticism personality trait scales also tended to have poorer mental 
health outcomes on average. Sex differences were evident, with higher 
TDS and internalising subscale means among females than males, but a 
higher externalising subscale mean for males than females. All three 
outcomes tended to be lower on average for participants from higher 
income households, those with higher mental educational attainment, 
and those whose parent/caregiver was married. Further descriptive 
analysis weighted for national representativeness confirmed that mean 
levels of neuroticism were notably higher in females than males (2.42 
and 1.67, p < 0.0001), but no sex differences were observed for intro-
version (1.73 in females vs 1.76 in males, p = 0.6573). 

Multilevel models adjusted for demographic and socioeconomic 
confounders indicated evidence of a potentially protective association 
between green space quality and mental health (Table 2). For example, 
availability of quality green space was associated with higher TDS 
(Model 1a; β 1.506, SE 0.371), internalising (1b; β 0.982, SE 0.220) and 
externalising (1c; β 0.518, SE 0.234) scores. Females also tended to have 
higher TDS (1a; β 1.405, SE 0.236) and internalising scores (1b; β 1.860, 
SE 0.141), but also lower externalising scores (1c; β − 0.453, SE 0.137) 
than males. 

Augmenting these models with the introversion personality trait 
(Models 2a, 2b, 2c) only partially attenuated the aforementioned asso-
ciations between green space quality and each mental health indicator. 
Higher introversion was strongly associated with higher TDS (Model 2a; 

β 1.416, SE 0.089), internalising (2b; β 1.233, 0.050) means, and 
externalising scores (2c; β 0.181, SE 0.056). Substitution of neuroticism 
for introversion prompted less attenuation of associations between 
green space quality and mental health, and was strongly associated with 
TDS (3a; β 2.283, SE 0.084), internalising (3b; β 1.627, SE 0.046) and 
externalising scores (3c; β 0.656, SE 0.054). Adjustment for neuroticism 
inverted the sex difference in TDS and rendered it statistically not sig-
nificant (3a; β − 0.318, SE 0.207), while also partially attenuating sex 
differences in internalising (3b; 0.632, SE 0.123) and externalising 
scores (3c; β − 0.948, SE 0.133). 

Likelihood ratio tests indicated the addition of three-way interaction 
terms to examine for potential interplay between green space quality, 
sex and each personality trait (separately) improved model fit only when 
internalising scores were the outcome under analysis (Table 3. The re-
sults indicated evidence of negligible association between quality green 
space and internalising scores in males, regardless of their level of 
introversion or neuroticism. In contrast, association between green 
space quality and internalising scores was present though only in those 
with higher levels of introversion or neuroticism. Predicted means from 
fully adjusted models (Fig. 1) illustrate these differences. Females at the 
highest levels of introversion or neuroticism had 3.2 and 2.1 lower 

Table 1 (continued ) 

Characteristic N (%) Total 
Difficulties 
Score 

Internalising 
subscale 

Externalising 
subscale   

Mean (95%CI) 

394 
(14.1%) 

12.44 
(11.81, 
13.07) 

6.13 (5.72, 
6.53) 

6.32 (5.93, 
6.71) 

Missing 192 
(8.5%) 

12.38 
(11.31, 
13.45) 

6.27 (5.64, 
6.90) 

6.11 (5.56, 
6.67) 

Introversion     
1 (low) 406 

(13.0%) 
8.47 (7.88, 
9.06) 

3.31 (2.99, 
3.63) 

5.16 (4.76, 
5.56) 

2 990 
(34.5%) 

10.47 
(10.06, 
10.88) 

4.61 (4.37, 
4.85) 

5.86 (5.62, 
6.09) 

3 719 
(24.1%) 

12.02 
(11.53, 
12.52) 

5.86 (5.58, 
6.15) 

6.16 (5.88, 
6.44) 

4 638 
(21.8%) 

12.81 
(12.30, 
13.32) 

6.79 (6.48, 
7.10) 

6.03 (5.72, 
6.33) 

5 (high) 193 
(6.6%) 

15.09 
(14.10, 
16.07) 

8.92 (8.32, 
9.51) 

6.17 (5.65, 
6.69) 

Neuroticism     
1 (low) 340 

(11.1%) 
7.21 (6.63, 
7.79) 

2.49 (2.19, 
2.79) 

4.73 (4.34, 
5.11) 

2 824 
(28.3%) 

8.66 (8.29, 
9.04) 

3.47 (3.26, 
3.67) 

5.20 (4.95, 
5.44) 

3 564 
(19.2%) 

11.83 
(11.28, 
12.38) 

5.53 (5.23, 
5.83) 

6.30 (5.97, 
6.63) 

4 828 
(28.7%) 

13.28 
(12.85, 
13.71) 

6.96 (6.71, 
7.20) 

6.33 (6.07, 
6.58) 

5 (high) 390 
(12.7%) 

16.21 
(15.61, 
16.81) 

9.33 (8.95, 
9.70) 

6.89 (6.51, 
7.26) 

95%CI = 95% Confidence Interval | All means were weighted using sample 
weights supplied with the Longitudinal Study of Australian Children. 

Table 2 
Associations between green space quality and adolescent-reported mental 
wellbeing, adjusting for introversion and neuroticism personality traits.  

Total Difficulties Score Model 1a Model 2a Model 3a 

Sex (ref: Male) Coefficient (Standard Error) 

Female 1.405 (0.236) 1.456 (0.223) − 0.318 
(0.207) 

Good parks nearby (Strongly 
agree)    
Agree 0.573 (0.266) 

* 
0.455 (0.261) 0.453 (0.234) 

Disagree 1.506 (0.371) 
* 

1.164 (0.358) 
* 

1.307 (0.316) 
* 

Introversion  1.416 (0.089) 
*  

Neuroticism   2.283 (0.084) 
* 

Internalising subscale Model 1b Model 2b Model 3b 

Sex (ref: Male) Coefficient (Standard Error) 
Female 1.860 (0.141) 1.906 (0.127) 0.632 (0.123) 

Good parks nearby (Strongly 
agree)    
Agree 0.424 (0.144) 

* 
0.320 (0.140) 
* 

0.341 (0.123) 
* 

Disagree 0.982 (0.220) 
* 

0.685 (0.196) 
* 

0.843 (0.168) 
* 

Introversion  1.233 (0.050) 
*  

Neuroticism   1.627 (0.046) 
* 

Externalising subscale Model 1c Model 2c Model 3c 

Sex (ref: Male) Coefficient (Standard Error) 
Female − 0.453 

(0.137) 
− 0.446 
(0.136) 

− 0.948 
(0.133) 

Good parks nearby (Strongly 
agree)    
Agree 0.143 (0.158) 0.127 (0.157) 0.106 (0.150) 
Disagree 0.518 (0.234) 

* 
0.473 (0.234) 
* 

0.459 (0.228) 
* 

Introversion  0.181 (0.056) 
*  

Neuroticism   0.656 (0.054) 
* 

*p < 0.05 | All models are 2-level multilevel models accounting for clustering of 
participants within postcodes, weighted using sample weights supplied with the 
Longitudinal Study of Australian Children, and adjusted for state-related stra-
tum, participant age, household income, maternal educational attainment, 
maternal relationship status. 
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internalising scores on average with quality green space, compared to 
their peers without it. In contrast, the availability of quality green space 
made negligible difference to the internalising scores reported by fe-
males at the lowest levels of introversion or neuroticism (− 0.84 and 0.23 
mean differences, respectively). 

5. Discussion 

5.1. Main findings 

While ample evidence points to the potential health benefits of urban 
greening,9 10 increasing interest in green space quality is, or ought to, 
acknowledge the inherent subjectivity of what makes green spaces 
attractive places to spend time in (Astell-Burt and Feng, 2021; Feng and 
Astell-Burt, 2017a). Cultural norms, secular shifts, personal preferences, 
past experiences and underlying needs may all play a role in determining 
how much health benefit is accrued from green space (Astell-Burt and 
Feng, 2021; Hartig et al., 2020; Astell-Burt et al., 2014a), beyond the 
well-documented inequities in green space availability (Mavoa et al., 
2014; Astell-Burt et al., 2014b; Shuvo et al., 2020) and varying levels of 
amenity within them (Knobel et al., 2019). We investigated an 
under-researched potential source of contingency by focussing on two of 
the ‘big five’ personality traits known as introversion (the inverse of 
extraversion) and neuroticism. Poorer mental health was found among a 
sample of adolescents aged 16y-17y who were higher in introversion or 
neuroticism, reflecting prior findings with mental health (Hakulinen 
et al., 2015) and concomitant conditions such as loneliness (Buecker 
et al., 2019). The main key finding from this study was that among 
adolescent females with higher levels of introversion or neuroticism, the 
availability of quality green space nearby was associated with less 
internalising symptomatology (e.g. depression and anxiety) than in 
counterparts with similar levels of introversion or neuroticism and 

without quality green space. Comparable evidence of effect modification 
was not observed for the overall TDS or externalising subscale, which 
aligns with previous research indicating that green space may be 
particularly potent for ameliorating feelings of anxiety, depression, and 
maladaptive rumination (Astell-Burt and Feng, 2019; Bratman et al., 
2019). 

This finding may indicate that not only are those who are higher in 
introversion or neuroticism more susceptible to psychosocial demands 
that elevate stress and deplete cognitive capacities through processes of 
adaptation, but also that they may be more susceptible to the psycho-
logically restorative benefits accrued from high quality green space. In 
short, increased susceptibility to a psychologically draining antecedent 
condition may also make a person more susceptible to the salutogenic 
effects of restorative environments (Hartig et al., 2021). This case of 
‘differential susceptibility’ (Belsky and Pluess, 2009) is further under-
lined by more favourable mental health and no apparent benefit of 
quality green space among female counterparts with low levels of 
introversion or neuroticism. Among these persons, less susceptibility to 
a stressful antecedent condition may therefore lessen the requirement 
for psychological restoration derived from green space, but does not 
exclude potentially other health benefits (e.g. general (Feng and 
Astell-Burt, 2017b), respiratory (Feng and Astell-Burt, 2017c) and car-
diometabolic (Astell-Burt and Feng, 2020c)). Our study attends only to 
mental health and potential differential susceptibility to green space via 
psychological traits for other health indicators ought to be explored. 

An unexpected finding was the absence of association between green 
space quality and mental health in males. This was regardless of how 
high or low they were in introversion or neuroticism. We provide some 
suggestions on why this might have been the case below, along with 
other critical reflections and identification of gaps for future research. 
Collectively, these results add to a growing number of studies (e.g. 
(Astell-Burt et al., 2014a, 2021; Hartig et al., 2020)) reporting that 

Table 3 
Effect modification of associations between green space quality and adolescent-reported mental wellbeing across strata of introversion and neuroticism personality 
traits.   

Total Difficulties Score Internalising Subscale Externalising Subscale  

Introversion Neuroticism Introversion Neuroticism Introversion Neuroticism  

Coefficient (Standard Error) 

Sex (ref: Male)       
Female 1.593 (0.640)* − 0.155 

(0.672) 
1.785 (0.350)* 0.394 (0.346) − 0.181 

(0.401) 
− 0.547 
(0.440) 

Good parks nearby (strongly agree)       
Agree 0.401 (0.604) 0.258 (0.480) 0.088 (0.294) 0.251 (0.241) 0.307 (0.406) 0.006 (0.331) 
Disagree 1.342 (0.918) 1.798 (0.760)* 0.602 (0.450) 0.772 (0.401) 0.718 (0.592) 1.023 (0.524)* 

Personality trait 1.298 (0.220)* 2.393 (0.202)* 1.063 (0.119)* 1.634 (0.114)* 0.232 (0.135) 0.760 (0.128)* 
Good parks nearby x Personality Trait       

Agree x Personality Trait − 0.072 
(0.303) 

− 0.118 
(0.261) 

0.052 (0.161) − 0.129 
(0.149) 

− 0.124 
(0.187) 

0.008 (0.163) 

Disagree x Personality Trait − 0.169 
(0.439) 

− 0.540 
(0.421) 

− 0.088 (0.223) − 0.243 
(0.225) 

− 0.071 
(0.277) 

− 0.298 
(0.283) 

Good parks nearby x Sex       
Agree x Female − 0.832 

(0.858) 
− 0.305 
(0.903) 

− 0.256 (0.452) − 0.090 
(0.465) 

− 0.586 
(0.554) 

− 0.214 
(0.582) 

Disagree x Female − 2.174 
(1.334) 

− 1.134 
(1.292) 

− 1.442 (0.700) 
* 

− 0.531 
(0.690) 

− 0.745 
(0.840) 

− 0.611 
(0.842) 

Personality trait x Sex       
Personality Trait x Female − 0.243 

(0.323) 
− 0.335 
(0.287) 

− 0.064 (0.181) − 0.093 
(0.162) 

− 0.181 
(0.198) 

− 0.241 
(0.187) 

3-way interaction       
Agree x Personality Trait x Female 0.721 (0.429) 0.493 (0.376) 0.337 (0.237) 0.336 (0.211) 0.388 (0.265) 0.156 (0.238) 
Disagree x Personality Trait x Female 1.376 (0.644)* 0.998 (0.562) 1.094 (0.350)* 0.712 (0.313)* 0.286 (0.392) 0.288 (0.365)  

Chi square (p-value) 
Model fit (Likelihood ratio test comparing with models without 

interaction terms) 
15.17 
(0.1261) 

9.87 (0.4518) 36.89 
(<0.0001) 

23.70 (0.009) 5.08 (0.8861) 7.72 (0.6565)       

*p < 0.05 | All models are 2-level multilevel models accounting for clustering of participants within postcodes, weighted using sample weights supplied with the 
Longitudinal Study of Australian Children, and adjusted for state-related stratum, participant age, household income, maternal educational attainment, maternal 
relationship status. 
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associations between green space and health are often contingent upon 
individual and contextual differences. This should provide pause for 
thought on the extent that current urban greening strategies involve 
consultation with communities to ensure needs are met and policies are 
designed to help level up and reduce, rather than aggravate, societal 
inequities in health. 

5.2. Comparison with other studies 

To our knowledge, only one other study has conducted similar 
research (Ambrey and Cartlidge, 2017), finding contrasting results. In a 
sample of adults, more green space overall was found to be favourable 
for mental health but only in those who were lower in neuroticism 
(Ambrey and Cartlidge, 2017). This contrast may be due, in part, to 
differences in green space variables. Quantity of green space may be 
correlated with a higher concentration of readily-identifiable amenities, 
but the reasons why some nearby green spaces are perceived to be 
higher in quality might be the degree to which they attend to personal 
and familial needs and preferences. Quantity of green space and the 
qualities that resonate with particular individuals may not necessarily 
correlate strongly, which may help to explain why some studies have 

found mental health benefits with more quality, but not necessarily 
higher quantities, of green space (Feng and Astell-Burt, 2018; Francis 
et al., 2012) (although the opposite has also been reported, with asso-
ciations between quantity but not quality of green space for some other 
health-related outcomes, such as body mass index (Feng and Astell-Burt, 
2019)). For example, a relatively plain pocket park or a nearby small 
nature reserve may be considered by some people as high in quality if 
those settings provide relief from stress and support renewal of depleted 
cognitive capacities through permitting and promoting moments of 
quiet reflection, fascination and peaceful solitude. In contrast, a larger, 
more popular green space replete with amenity including sports ovals 
and busy cafes may be perceived by some as less desirable because the 
higher levels of noise and large numbers of people may mean fewer 
opportunities to ‘feel away’ from day-to-day cognitive demands. In such 
circumstances, a person prone to shyness or rumination may avoid these 
more popular green spaces. Studies capable of assessing levels of inter-
action with different quantities and qualities of green space for people 
with contrasting levels of introversion or neuroticism are needed to test 
this hypothesis. 

Fig. 1. Sex-specific modification of association between green space quality and adolescent-reported mental wellbeing across strata of introversion and neuroticism 
(multilevel linear regressions accounting for clustering of participants within postcodes, weighted using sample weights supplied with the Longitudinal Study of 
Australian Children, and adjusted for state-related stratum, participant sex and age, household income, maternal educational attainment, family structure at birth. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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5.3. Potential mechanisms 

We propose that perceived measures of green space quality are more 
likely to attend to personal needs and demands of stressful antecedent 
conditions than quantity-focussed metrics. Thus, we take a holistic view 
of quality, not reserved solely to the health and diversity of the vege-
tation available, but also including the presence and maintenance of 
‘non-green’ characteristics within and nearby green spaces that make 
them attractive places in which to spend time. This view is closely 
entwined with whether a person feels a green space is accessible and 
cared for, and whether they feel safe and enabled to participate in ac-
tivities that nourish their lives, whether on their own or with others. We 
may therefore expect that people spend more time in and near higher 
quality green spaces and this could provide indication as to potential 
mediators. However, our study lacked data on how participants may 
have interacted with green space and, as such, we remain agnostic with 
respect to specific mechanisms until further evidence is available. 

However, as we have alluded to, it may not be as simple as quality 
green spaces being attractive places in which to spend time, although 
this ought to be an initial priority for future mediation analyses. Reports 
from qualitative research (Birch et al., 2020) indicates that some people 
may seek restoration in green spaces as they are perceived to offer 
non-judgemental and dependable sources of support. This informs the 
‘lean on green’ hypothesis (Astell-Burt et al., 2021) wherein some of the 
mental health and concomitant benefits (e.g. reduced loneliness) of 
green space are thought to be derived from contact with the ‘more than 
human world’, intentionally absent of other humans. Such a pathway 
may be particularly important for people with higher levels of intro-
version and neuroticism, indicating the need for tests of differential 
susceptibility via moderated (causal) mediation analyses (Dzhambov 
et al., 2020). But so too might the increased probability of serendipitous 
encounters and transformative interactions which may occur with 
seemingly less effort in and nearby green spaces, in comparison with 
other less natural settings (Neal et al., 2015). Importantly, green space 
may be a catalyst for positive social interactions that then play out across 
other settings, both physical and now also digital (Putra et al., 2020, 
2021b, 2021). This complexity and its interplay with personality traits 
may not be captured particularly well by survey- and sensory-based 
measures of time participating in activities within a green space. This 
is a challenging horizon for green space and health research where new 
and refined data and methods are needed to keep up with rapid trans-
disciplinary theoretical advancement. 

5.4. Sex differences 

The lack of association between green space quality and mental 
health in adolescent males was unexpected, though similar sex differ-
ences have been found in other studies (e.g. Astell-Burt et al., 2013; Sang 
et al., 2016), albeit without tests of differential susceptibility via per-
sonality traits. It is known that levels of neuroticism can be higher on 
average in females compared with males (Soto and Tackett, 2015), but 
contrasts across participants with identical levels of neuroticism in-
dicates that this cannot be a valid explanation for our findings. One issue 
for consideration is the concerns surrounding the ‘big five’ personalities 
traits among psychologists, such as their validity in very young and 
ethnically diverse populations (e.g. Block, 2010; Laajaj et al., 2019). 
Although our study focussed on participant’s aged 16y-17y, which 
might make measuring the big five more acceptable in terms of age, 
there may be some variation in measurement between participants that 
aligns with ethnic diversity. Several other reasons might be speculated 
here to guide future research. First, as we have already mentioned, data 
on how participants interacted with green space was unavailable. It may 
be that the availability of quality green spaces nearby did not translate 
into increased levels of visitation (or other form of contact with nature) 
in males. A second, more complex issue is the source of the green space 
data, which was provided by the parent/caregiver, of whom most were 

female. It may be that perceptions of nearby green spaces among female 
caregivers/mothers and female adolescents are more congruent than 
they are for male adolescents, perhaps due to issues of personal safety 
and gendered meanings and values that influence perceptions and ex-
periences in green space (MacBride-Stewart et al., 2016). We were un-
able to test this hypothesis as the question on perceived green space 
quality were not included in the survey filled in by adolescents. Yet, the 
question of how differences in green space perception emerge and 
evolve over time and through the lifecourse not only between different 
genders, but also between ethnicities, socioeconomic groups and people 
living with various forms of disability warrants more attention. 

5.5. Limitations 

These results need to be interpreted within the context of study 
limitations, most notably the reliance upon cross-sectional observational 
data that prohibits causal inference. Longitudinal studies and causal 
mediation analyses are warranted. Focussing on adolescent-reported 
SDQ-based outcome variables, rather than parent/caregiver-reported 
outcomes, reduces same-source bias as a potential limitation for tests 
of association between mental health and green space quality. Green 
space quality was measured using the perceptions of the parent/care-
giver, but as we have already pointed out, the extent that this may be 
aligned with adolescent perceptions is uncertain and a lack of data 
prohibited testing. It is plausible that stronger associations might have 
been observed had adolescent-reported measures of green space quality 
been available, as these could be assumed to be more closely aligned 
with green space visitation patterns, frequencies and duration. We 
acknowledge that adolescent reported items used to construct person-
ality traits and mental health outcomes may induce some level of ‘same 
source bias’, though the same does not strictly apply to the green space 
quality variable, as that was caregiver/parent reported. 

We also acknowledge that while the statement “good parks, play-
ground and play spaces” enables the parent/caregiver to respond based 
upon the qualities they consider relevant. , however, there will be some 
neighbourhoods without parks. In these cases, parent/caregiver re-
sponses may refer to playgrounds and play spaces in non-green areas, 
and/or the absence of good quality parks. We adjusted for maternal 
educational attainment as the majority of respondents were mothers and 
because this variable is a consistent correlate of mental health across 
childhood and adolescence (e.g.(Meyrose et al., 2018)). Lack of data on 
paternal educational attainment may be a limitation, though prior evi-
dence indicates evidence of weak or no association for mental health in 
the age group we have analysed (Sonego et al., 2013). 

Finally, this is a cross-sectional study and adjustment for sources of 
confounding might not fully eliminate bias induced by selective 
migration, wherein participants in better health may select into areas 
with better quality green spaces nearby, or those in poorer health may 
relocate into areas with poorer quality green space. The extent that this 
bias remains in our models beyond adjustment for many factors (e.g. 
income, education) associated with propensity to relocate between areas 
with contrasting green space provision is unclear. Seasonality may also 
play a role, though this will warrant more in-depth investigation given 
the substantial spatiotemporal variation in climatic conditions across 
Australia and how this not only affects individuals and behaviours, but 
also green space provision. As mentioned earlier in the Discussion, 
absence of data on levels of interaction with green space and potential 
common causes of those interactions and adolescent mental health, such 
as dog ownership, may mean there remains some residual confounding 
in our models that future work with different data might be able to 
examine. 

6. Conclusion 

Adolescents higher in introversion and/or neuroticism tended to 
have poorer mental health than their peers with lower levels of these 
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personality traits. However, among female adolescents with high levels 
of introversion and/or neuroticism, quality green space may have pro-
vided psychological restoration resulting in meaningfully lower inter-
nalising scores in comparison with peers with similarly high levels of 
introversion and/or neuroticism, but without quality green space 
nearby. Similar effect modification was not present for adolescent fe-
males at lower levels of introversion and/or neuroticism, indicating 
these personality traits may play a role in differentiating levels of sus-
ceptibility to benefit from urban greening among adolescent females. 
This is the first study internationally to show evidence for modification 
of green space quality and adolescent mental health across personality 
traits. It takes the field of inquiry beyond affirming mental health ben-
efits towards considerations of individual differences in personality 
traits associated with mental resilience and biopsychosocial vulnera-
bility within the population. We encourage future research to examine 
for differences in susceptibility to green space between individuals 
across contrasting levels of introversion and neuroticism. Furthermore, 
clear hypothesising and testing of contingencies driven by other psy-
chological traits also warrant assessment. Understanding to what extent 
and for whom provision of quality green spaces may support mental 
health is important to ensure that investments in urban greening policies 
are focussed not only on maximum population health gains, but also on 
reducing health inequities. 
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