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H I G H L I G H T S

• Our study described ‘real’ use of natural spaces and private gardens within neighbourhoods.
• We linked 15 million individual GPS locations to a natural space and private garden spatial dataset.
• We found that 15% of children’s time outdoors, outside school hours, was within Natural Space.
• This rose to 41% when private gardens were included, highlighting the importance of these spaces.
• Increased availability of natural spaces and private gardens were associated with increased use.
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The objectives of this study were to: (i) determine, by distance from home, the proportion of time children spent
in natural space (NS), private gardens (PG) and natural space/private garden (NS/PG); (ii) calculate availability
of these environments surrounding homes, and (iii) explore variation in availability and use by socio-economic
status (SES).
Detailed mobility data for 10/11-year-old children (n = 667) were obtained. Children wore GPS devices and
locations were spatially joined to UK national mapping data (Ordnance Survey) to identify if each one was within
NS, PG or NS/PG. Euclidean distance between GPS points and home was measured and discretised into 100 m
bands (100 m to 800 m).
Children spent 15% of their total outdoor, non-school wear time in NS, but 41% in NS/PG. Both time spent in
NS & NS/PG and its distance from home varied by SES. Children living in the most deprived areas spent 17% of
their total wear time in NS/PG within 100 m from home, and 4.4% in NS/PG over 800 m from home. In contrast,
children from the least deprived areas spent 19% of wear time in NS/PG less than 100 m from home and 10.7% in
NS/PG over 800 m from home. An increase in the availability of NS and NS/PG around the home was weakly
associated with increased use.
NS and PG provide a key location that children spend their outdoor time, particularly in areas close to home
for those from more deprived areas. Children from the least deprived areas have greater exposure to NS, most of
which occurs away from home.

1. Introduction

McKeon, & Branas, 2018). Although much of the evidence for these
health benefits is from cross-sectional studies (Kondo et al., 2018),
recent evidence from longitudinal cohort studies suggests that access to
parks across the life-course is associated with positive health outcomes,
such as successful cognitive aging (Cherrie et al., 2018). Natural space
availability and use have been shown to have different implications for
health (Jarvis, Gergel, Koehoorn, & van den Bosch, 2020) and further

Natural spaces are important for human health and there is consis
tent and strong evidence that living or spending time in areas that are
‘greener’ is associated with improvements in many health outcomes,
such as: birth weight; lower heart rate; increased physical activity and
lower mortality rates (Fong, Hart, & James, 2018; Kondo, Fluehr,
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research is required to better understand the relationship between
availability and use (Markevych et al., 2017). Advances in wearable and
smart technologies have allowed the rapid growth of studies exploring
the relationship between mobility patterns and health (Lin & Hsu,
2014), however a better understanding of ‘real’ use of natural spaces
within neighbourhoods, as opposed to that implied by availability, is
still required (Smith et al., 2021).
Childhood is a key life stage for a range of developmental and health
outcomes throughout the life-course (Center on the Developing Child,
2010). For instance, availability and exposure to greenspace in the early
years of life has been associated with mental health outcomes for men
and women (Astell-Burt, Mitchell, & Hartig, 2014), positively associated
with childhood development (Jarvis et al., 2022) and a lower risk of a
wide spectrum of psychiatric disorders in later life (Engemann et al.,
2019). Systematic reviews have shown that children’s access to green
space is important to their mental well-being, cognitive development
and overall health (McCormick, 2017).
While a considerable evidence base has been established high
lighting the relationship between greenspace exposure and benefit for
many health outcomes, these benefits are not obtained equally across
socio-demographic groups. For example, a representative sample of UK
adults found that those from lower social-grades were less likely to visit
a greenspace than those from higher social-grades (Burnett, Olsen,
Nicholls, & Mitchell, 2021). Likewise, evidence from other European
cities suggests that urban greenspaces are used predominately by more
educated people (Peschardt, Schipperijn, & Stigsdotter, 2012). Never
theless, research in adults has demonstrated that differences in mortality
incidence rates between the least and most income deprived groups are
lowest for those living in greener areas (Mitchell & Popham, 2008), and
socio-economic inequality in mental wellbeing is narrower among those
reporting better access to recreational/green areas (Mitchell, Richard
son, Shortt, & Pearce, 2015). Promisingly, a recent study of Scottish
children found that the natural environment could be of greater benefit
for those from less advantaged backgrounds, particularly in the devel
opment of prosocial behaviours (McCrorie, Olsen, Caryl, Nicholls, &
Mitchell, 2021). However, the link between socio-economic situation
and access to greenspace is complex and unpredictable; studies have
shown that those from lower socio-economic positions may have better
access to these spaces but may also report worse perceptions of them,
citing concerns such as overcrowding, particularly for those living in
flats (Shoari, Ezzati, Baumgartner, Malacarne, & Fecht, 2020).
The home neighbourhood is an important environment where chil
dren spend a significant amount of their time; in New Zealand, children
were found to spend 50% of their time within a 500 m buffer of their
home (Chambers et al., 2017). Similarly, Scottish children spend 46% of
their time, during waking hours, <50 m from their home (Olsen,
Mitchell, McCrorie, & Ellaway, 2019). The home neighbourhood is also
central to the idea of 20-minute neighbourhoods - a policy for many
governments worldwide who have either incorporated it into their
current or forthcoming urban planning policy (O’Gorman & DillonRobinson, 2021; Scottish Goverment, 2020; Victoria State Govern
ment, 2021). The 20-minute neighbourhood aims to improve and pro
vide access to key facilities and amenities within a walkable 800 m
distance from homes, including parks, natural spaces and gardens.
However, a deeper understanding of how local populations use and view
existing infrastructure is required, as highlighted by a study examining
access to, and use of, leisure centres, playing fields and public parks
which found children often used specific amenities outside their home
neighbourhood, even if the same kind of amenity was also available
closer to home (Olsen et al., 2019). The pattern of both availability and
use of facilities within the home neighbourhood and across the wider
urban landscape is complex and requires further investigation.
There is no optimal approach to defining the home environment, as
reviewed by Smith et al. (2021). They highlight that, as the boundaries
to ‘home’ increase, so does the volume of possible relevant destinations
and greenspace availability (Smith et al., 2021). They recommend that

researchers should aim to apply consistent and transparent approaches
at multiple spatial scales and highlighted the need for increased un
derstanding of children’s ‘real’ neighbourhood exposures (that is to say,
where children actually go, rather than what might be available to them
in a fixed areal unit). In this study, we seek to measure ‘real’ exposure to
natural spaces using detailed mobility data collected from GPS devices
and also the natural spaces that are available within their home neigh
bourhood measured at multiple spatial scales.
The type of greenspaces children have access to is important, for
example a longitudinal cohort study of Scottish children found that
those with private gardens had better social, emotional and behavioural
outcomes, and those with more neighbourhood natural space had better
prosocial behaviour (Richardson, Pearce, Shortt, & Mitchell, 2017).
However, there has only been a small number of studies exploring pri
vate garden access in childhood, with methodological differences be
tween them making generalisation difficult (Putra et al., 2020). Adults
with access to private gardens had better wellbeing than those without,
although the findings suggested that gardens are an additional health
resource and not a replacement for other natural spaces (de Bell et al.,
2020), and residing in areas with smaller private gardens was associated
with poorer self-reported health (Brindley, Jorgensen, & Maheswaran,
2018). The epidemiological assessment of private gardens as an
important venue for nature contact is rather weak compared to work on
parks, woodlands and other urban ‘greenspaces’ (Dzhambov, Browning,
Markevych, Hartig, & Lercher, 2020). These studies highlight the
importance of, where possible, exploring access and use of natural space
and private gardens separately.
Alongside the differences and difficulties within empirical evidence
for impacts of greenspace on health and development lie methodological
challenges and nuances. The literature contains many different defini
tions of greenspace (Taylor & Hochuli, 2017), yet the definition does
matter, particularly when quantifying availability. The term green
spaces often refers to formal areas such as urban parks where manage
ment might define the space as much as the ‘nature’ within it. Other
measures include those based on satellite imagery, such as normalized
difference vegetation index (NDVI) (Cusack, Larkin, Carozza, & Hystad,
2017), and on digital map data which include land use classifications,
such as the European Urban Atlas (Copernicus, 2018). There is neither
certainty nor specificity about the aetiological pathways between
different types of greenspace and health (Houlden, Weich, Porto de
Albuquerque, Jarvis, & Rees, 2018). We therefore defined greenspace
using a broad definition which included any landcover that is not
manmade, incorporating grass, plants, green verges, gardens, water,
parks and woodland (Taylor & Hochuli, 2017). We use the term natural
space throughout this manuscript reflecting this definition.
1.1. Study aims
The aims of our study were to:
(a) Link individual-level GPS of a nationally representative sample
(~700) of children in Scotland to Ordnance Survey’s MasterMap
Topography Layer.
(b) Describe the location of time spent within natural space, private
gardens and natural space/private gardens within distance of
home at 100 m intervals.
(c) Determine if use changes with availability of natural space and
private gardens.
(d) Describe variations in (b) and (c) by individual level socioeconomic status.
2. Methods
Our study design had four parts:
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i) Link children’s GPS points to natural space, private gardens and
natural space/private garden spatial data layer.
ii) Determine, by distance from home, the proportion of time spent
in natural space, private gardens and natural space/private
garden.
iii) Calculate availability of natural space, private gardens and nat
ural space/private garden surrounding children’s homes.
iv) Explore variation in availability and use of natural space, private
gardens and natural space/private garden by socio-economic
status.

indicates if the real-world nature of the feature is man-made or
natural. Landcovers considered to be natural included features
that are not man-made but possibly man altered, for example,
cliffs, areas of water and uncultivated/cultivated vegetation.
II. Private gardens (PG) (Feature code: 10053): Private gardens are
identified as ‘multiple’ Real World Objects (RWOs) within OS
MasterMap Topography.
III. Natural Space & Private Gardens (NS/PG): I & II combined.
Using these three definitions allowed the separate analysis of avail
ability and use for i) Natural space (NS) only, ii) Private gardens (PG)
only and ii) both natural space/private gardens (NS/PG).

2.1. Study participants

2.3.1. Data linkage
The study area was the Scottish mainland and all data for SPACES
children residing within this geographical area were included. The GPS
locations for each child (16 million points in total, median: 1819.5; s.d.
75044.57) were spatially joined to the natural space and private gardens
land-use data. The Euclidean distance between each location and the
child’s home location was measured using the sf package in R (Pebesma,
2018). PG relates to all domestic gardens in the feature class layer, not
just the domestic garden of the home location (i.e. the individual child’s
home domestic garden).
GPS locations were classified into binary (yes/no) attributes ac
cording to whether the GPS point was within; (i) NS, (ii) PG and (iii) NS/
PG. GPS location was also discretised into distance band from home
(<100 m; 100 to 200 m; 200 to 300 m; 300 to 400 m; 400 to 500 m; 500
to 600 m; 600 to 700 m; 700 to 800 m, and over 800 m). Although there
is no optimal distance boundary for describing children’s neighbour
hoods (Smith et al., 2021), transparency in measurement and reason for
selection is required. Here, distance bands were chosen to describe use
of NS at regular spatial intervals within a 20-minute neighbourhood (10minute walk (approximately 800 m (O’Gorman & Dillon-Robinson,
2021)) of children’s homes. We excluded GPS locations recorded dur
ing school hours (09:00 to 15:30) on weekdays to ensure the school
environment did not skew our findings as measuring NS exposure within
education settings was not one of our objectives. Fig. 1 illustrates the
land use data, boundaries around the home, and GPS data using an
example dataset (note: this figure does not use participants data and
therefore not disclosive).
To explore the availability of NS, PG and NS/PG, we focused on two
fixed home neighbourhood buffers of up to 100 m and more than 800 m,
as these have previously been found to be important for children’s
behavioural outcomes (McCrorie et al., 2021).

This study used data from the SPACES (Studying Physical Activity in
Children’s Environments across Scotland) study. The SPACES dataset
provided detailed mobility data for Scottish children linked to geocoded
home address locations for which we derived individualised surround
ing land use information, and linkage to a wider set of individual and
household level data. Briefly, SPACES sub-sampled participants from
Growing up in Scotland (GUS); an on-going Scottish cohort study that
began in 2004. The original GUS sample (n = 5217) sampled Scottish
children to ensure national representativeness across socio-economic
conditions. From a possible 2,402 children who had participated in
the 2014/2015 GUS interviews (aged 10/11 years old), 90% (n = 2,162)
of parents consented to be contacted about SPACES. Parents and po
tential participant children were then sent study information, registra
tion documents, consent forms, and study devices (e.g. accelerometers
and questionnaires) by post (McCrorie, Mitchell, & Ellaway, 2017). A
total of 667 children were included within this study.
2.1.1. Ethical approval
The data collection for SPACES took place between May 2015 and
May 2016 and ethical approval was provided by the College of Social
Sciences, University of Glasgow (CSS ref: 400140067).
2.2. Location measurement using global positioning system (GPS) device
Children who consented to participate in the study were provided
with a Global Positioning System (GPS) device (Qstarz BT-Q1000XT;
Qstarz International Co., Ltd, Taiwan) and asked to wear the device
over eight consecutive days during the waking hours. The GPS devices
have a median location error of 2.5 m and are found to be acceptable for
use in larger population studies, especially with relatively long data
collection periods (7 days or more) (Schipperijn et al., 2014). The device
recorded the child’s location every 10 s. We refer to each location record
as a ‘point’.

2.4. Analysis
2.4.1. Descriptive analysis
Participant characteristics are described as well as the proportion of
total GPS wear time within NS, PG and NS/PG by sex, socio-economic
status, and urban/rural classification of the home location. The pro
portions of total GPS wear within NS, PG and NS/PG are summarised by
box plots presenting the median and interquartile range by distance
bands (under 100 m to over 800 m distances at 100 m intervals) from
children’s homes, in addition to socio-economic status. Sample weights
were applied to all descriptive and statistical analysis. Sampling weights
were applied to allow for non-consent to contact, non-consent and noncompliance of those invited to take part. The data includes outdoor GPS
points only (signal-to-noise ratio exceeded a threshold of 250 (Kerr
et al., 2012)) and excludes school time wear (9:00am to 3:30 pm).
Following exclusion of indoor and school time wear, 3 million GPS lo
cations (21% of total sample) remained.

2.3. Natural space and private gardens data
Digitised land cover data were obtained from the 2011 Ordnance
Survey (OS) MasterMap Topography Layer® (Ordnance Survey, 2020).
OS MasterMap is the most detailed, accurate, and comprehensive
geographical data of the UK’s landscape. We chose to use the MasterMap
Topography layer rather than other sources, such as the Scottish
Greenspace Map (Ordnance Survey, 2017), because we needed data
from all areas in Scotland, not just the urban zones typically covered by
those sources. National grid tiles were extracted for the whole of Scot
land and we linked GPS to OS MasterMap subset features that were
natural space, private gardens or natural space and private gardens. We
created three binary variables (natural space, private gardens & natural
space and private gardens present/not present). The definitions of the
feature classes were:

2.4.2. Statistical analysis
Analyses were conducted using STATA v.14.2 (STATA Corporation,
Texas, USA), and accounted for the clustered and stratified survey

I. Natural Space (NS): Features were extracted based on the value of
the ‘Make’ attribute in the feature type classifications. This
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Fig. 1. Spatial boundaries surrounding the home location, example of GPS point and NS and PG data. Source: Ordnance Survey, 2020.

sample design of the GUS cohort (Bradshaw, Tipping, Marryat, & Cor
bett, 2007).
To model the proportion of time spent in NS, PG and NS/PG by
availability of these spaces (<100 m and more than 800 m from home)
whilst accounting for differences in wear time and dealing with count
data, a binomial generalized linear model was chosen. Two-way inter
action terms were further applied to explore within group variation in
NS, PG and NS/PG availability and use by socio-economic status. Null
hypothesis tests (Wald tests) evaluated significance of interaction terms.
The results of the interactions that were significant at the alpha level
were summarised and presented using the ‘margins’ commands in
STATA.
Weighting was applied and the total wear of each child offset within
the model (wear time during school hours or when the child was indoors
was excluded). To offset we converted counts of GPS to proportion
(=binomial) to account for difference in wear time (=offset(wear)). The
models were adjusted for sex and socio-economic status.

this increased to 41%; highlighting that private gardens provide an
important location in which children spend their outdoor time. Overall,
there was little variation in the proportion of GPS wear within NS, PG
and NS/PG by socio-economic status (Fig. 2).
3.2. Proportion of total GPS wear time in NS, PG and NS/PG by distance
from home
3.2.1. Natural space
Proportion of NS exposure varied by distance from home and socioeconomic status (Fig. 3). In terms of distance from home and proportion
of total wear in NS, 0.47% was within 100 m of home and 6.11% over
800 m from home (Supplementary Table 1). There was variation in time
spent in NS and distance from home by socio-economic status; children
living in the most deprived areas spent 1.1% of their total wear in NS
within 100 m and 2.93% over 800 m from their home. In contrast,
children from the least deprived areas spent 0.18% within 100 m from
their home and 7.69% over 800 m from their home – highlighting
children from the least deprived areas are further from their home when
spending time in NS. Supplementary Fig. 1 presents proportion of total
GPS wear time in NS, PG and NS/PG at 100 m intervals from<100 m of
home to over 800 m from home.

3. Results
3.1. Participant characteristics and proportion of total GPS wear time in
NS and NS/PG by gender and socio-economic status
A total of 667 children were included in the analysis, 45% were male
and 55% female (Table 1). After applying sample weighting, an equal
proportion of children (23%) resided within either the most or least
deprived areas of Scotland (Table 1).
Fig. 2 displays the proportion of all children’s GPS wear within NS,
PG and NS/PG, by socio-economic status. GPS points within NS were
15% of children’s total wear time, when combined with private gardens

3.3. Private gardens
As we may expect, a greater proportion of total PG exposure was
within 100 m of home (13.9%) where the PGs visited are most likely to
be located, with variation by most (10.6%) / least deprived (16.4%).
This variation was higher than NS alone, which may be an indication of
the land-use type surrounding homes being the location children spend
4
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most of their PG time. There was little PG use over 100 m from home.

Table 1
Participant characteristics (weighted).
Number

%

Sex
Male
303
45.4
Female
364
54.6
Income deprivation
Most
156
23.5
Deprived
2
110
16.5
3
116
17.3
4
130
19.5
Least
155
23.2
Deprived
Urban/Rural Classification
Large
205
29.8
Urban
Areas
Other
281
40.8
Urban
Areas
Accessible
66
9.5
Small
Towns
Remote
15
2.2
Small
Towns
Accessible
78
11.4
Rural
Areas
Remote
43
6.2
Rural
Areas
Total
667
100

Proportion
of total*
wear time in
NS (median)

Proportion
of total*
wear time in
PG (median)

Proportion
of total*
wear time in
NS/PG

17.1
13.8

20.9
21.9

42.0
40.7

12.6

17.3

38.8

16.7
15.1
16.9
14.7

21.6
23.0
22.0
23.9

43.4
41.3
44.8
43.2

14.1

18.4

36.0

14.1

23.6

43.4

14.6

25.3

41.3

23.0

18.0

47.1

18.4

25.2

46.2

24.6

17.2

43.7

15.1

21.3

41.4

3.3.1. Natural space and private gardens
The pattern of total wear within NS/PG showed a different pattern to
that of NS and PG only (Fig. 3) – a higher proportion of total wear within
100 m of home was in NS/PG (17.6%) and there was little variation
between most (16.6%) / least deprived (18.9%). An increased difference
in proportion of NS/PG exposure was apparent between the least and
most deprived children at the 800 m from home distance; Children from
the least deprived areas (10.7%) had a greater amount of wear in these
spaces than those from the most deprived areas (4.4%).
3.4. Availability and use of natural space and private gardens
Fig. 4 shows use of NS (children’s GPS points within NS or NS/PG (as
a proportion of their total wear)) by availability of these spaces (pro
portion of the land cover defined as NS or NS/PG) both within a 100 m
radius of their home. The figure shows a very weak relationship between
use of NS (r2: 0.12) and NS/PG (r2: 0.04) and availability of these spaces;
this is partially explained by high variability in use of NS/PG between 55
and 75% percentage point (x-axis), suggesting the fit, and weak r2, is
being driven by the higher variability in NS/PG use, largely for PG.
When availability and use were modelled (controlled for sex and socioeconomic status) (Table 2), an increase in the amount of NS around the
home was associated with an increase in use within 100 m of home
(Coef: 0.03, 95% CI 0.02 to 0.04). Marginal effects of this coefficient
show that for each 10% percentage increase in natural space availabil
ity, there is an 0.008% increase in use. This association was also
apparent for PG (Coef: 0.02, 95% CI 0.01 to 0.03, Marginal effect:
0.0026) and NS/PG (Coef: 0.01, 95% CI 0.00 to 0.02, Marginal effect:
0.0017).

Note: Sample weights applied. *Excludes GPS points indoors and during school
time (9:00am to 3:30 pm).

3.4.1. Two-way interactions: Availability × Socio-economic status
Interaction effect models showed that increased availability of NS
and NS/PG within 100 m of home was associated with a greater increase
of use for children living in the most deprived areas compared to the

Fig. 2. Proportion of total GPS wear within NS, PG and NS/PG by socio-economic status. (Denominator: Total GPS points (all wear)).
5

J.R. Olsen et al.

Landscape and Urban Planning 223 (2022) 104425

Fig. 3. Proportion of total GPS wear within NS, PG and NS/PG by under 100 m and over 800 m distance bands from home, socio-economic status. (Denominator:
Total GPS points (all wear)). Note: Y-axis scale differs to highlight variation between groups and distance by NS, PG and NS/PG.

Fig. 4. The association between availability of NS, PG & NS/PG within 100 m of home and proportion of total GPS points spent in NS, PG & NS/PG.

least deprived (Most deprived v Least Deprived - NS Coef: 0.02, 95% CI
0.001 to 0.05, NS/PG Coef: 0.02, 95% CI 0.002 to 0.04). Full interaction
estimates and Wald hypothesis tests are shown in Table 2.
Fig. 5 presents the predicted marginal means of use of NS & NS/PG
for socio-economic status quintile by each 10% increase in proportion
availability within 100 m buffers around the home. Fig. 5a shows that
when availability of NS within 100 m of home is below a 30% threshold
there is little difference in use between socio-economic groups. As the
proportion of NS within 100 m of home increases above 40% greater
increases in use are predicted for the most deprived children than chil
dren from other socio-economic groups.

link individual level GPS data (15 million individual locations) for
Scottish children to a national spatial dataset to determine whether each
GPS point was within a NS or NS/PG. Following this spatial merge, the
second aim was to describe the proportion of time spent within these
spaces, in terms of distance from their home, as well as variation by
socio-economic status. The final aim was to explore the association be
tween availability and use of NS and NS/PG to understand the ‘use’ of
outdoor space within and outside of children’s home neighbourhoods.
We found that 15% of children’s time outdoors, outside school hours,
was within NS. This rose to 41% when private gardens were included,
highlighting the importance and utilisation of these spaces for children
when outdoors. Proportion of time spent in NS varied by distance from
home and socio-economic status. Children from the least deprived
households spent less time in NS closer to the home (within 100 m) and
more time in NS further away from their home (over 800 m) than those
from the most deprived households. An increase in the availability of NS,
PG and NS/PG around children’s homes was very weakly associated
with an increase in the proportion of time spent within these spaces.

4. Discussion
Our study provides an understanding of ‘real’ use of natural spaces
within neighbourhoods using objective data obtained by wearable
location devices, as opposed to that implied by availability only or
subjective sources. This was an exposure analysis; the first aim was to
6
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Table 2
Binomial generalized linear models: GLM of NS use as a function of NS or NS/PG availability & income/socio-economic status interactions.
GPS points in NS/PG or NS/PG
(proportion of total wear)

Natural Space
Coef

p

(i) 100 m
Proportion of area 100 m
0.03
<0.001
surrounding home classed as NS,
PG or NS/PG
Income Deprivation
Most Deprived
Ref
2
¡1.08
0.02
3
¡1.43
<0.001
4
¡1.37
<0.001
Least Deprived
¡1.60
<0.001
(ii) 800 m
Proportion of area 800 m
0.001
0.82
surrounding home classed as NS,
PG or NS/PG
Income Deprivation
Most Deprived
Ref
2
− 0.30
0.35
3
− 0.59
0.03
4
− 0.62
0.03
Least Deprived
− 0.83
0.00
(iii) Interactions
Natural Space
100 m - Income Deprivation £ NS/PG/NSPG availability
Least Deprived
Ref
4
− 0.01
0.26
3
− 0.003
0.70
2
− 0.01
0.25
Most Deprived
0.02
0.04
Null Hypothesis test (Wald tests):
F = 106.52, <0.001
800 m - Income Deprivation £ NS/PG/NSPG availability
Least Deprived
Ref
4
− 0.01
0.42
3
0.001
0.89
2
− 0.01
0.61
Most Deprived
− 0.02
0.31
Null Hypothesis test (Wald tests):
F = 18.91, 0.0259

Private gardens
LL 95%
CI
0.02

UL 95%
CI

Coef

p

LL 95%
CI

0.04

0.02

¡1.95
¡2.24
¡2.28
¡2.53

¡0.21
¡0.63
¡0.46
¡0.67

Ref
0.23
0.05
0.17
0.12

0.37
0.78
0.30
0.42

− 0.01

0.01

0.01

0.02

0.93
1.12
1.16
1.36

0.33
− 0.05
− 0.07
− 0.29

− 0.03
− 0.02
− 0.04
0.001

0.02
0.02
0.03
0.05

−
−
−
−

−
−
−
−

Natural Space/Private Gardens

<0.001

−
−
−
−

UL
95% CI

Coef

0.01

0.03

0.01

0.27
0.28
0.15
0.17

0.74
0.38
0.48
0.41

Ref
− 0.05
− 0.24
− 0.18
− 0.18

0.002

0.02

0.000

p

LL 95%
CI

<0.001

UL
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Fig. 5. Predicted marginal means of use of NS & NS/PG* across proportion NS/PG availability by socio-economic status. Note: *Most and Least deprived data
presented only for NS/PG figure to aid visual inspection. PG data not shown as no significant interactions were found (Table 2c).

However, greater availability of NS within 100 m of the homes of chil
dren in the most deprived areas had a greater positive association with
use than in the least deprived group.

of children aged between 6 and 15 years spent at least 2 h outdoors
(Larson, Green, & Cordell, 2011), which is higher than the figures re
ported within the English study but included weekends and a wider age
range.
We found that private gardens were spaces that children spent a
considerable amount of their outdoor time when within their immediate
local neighbourhood and that an increase in the availability of private
gardens was (weakly) associated with increased use within 100 m of
home. A study exploring how Irish children and their families described
their private gardens found a range of responses, including defining its
uses as a classroom, playground, socializing space, garden and

4.1. Comparison with existing literature
Our study explored time spent outdoors within NS and/or PG, but the
amount a child spends outdoors may be only a small proportion of their
day. Previous research found children aged 11 years in South West En
gland spent an average of 40 min of their after school time outdoors
(Cooper et al., 2010). Evidence from North America showed that 62.5%
7
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allotment, sports pitch, family play space, hobby room, exercise space
and eating area (Barron & Emmet, 2021). This extensive list highlights
the importance of these spaces for a range of activities that can benefit
health. Research in New Zealand found that when selecting urban
greenspaces, gardens and back yards were the most preferred spaces for
children, with quality of that space being an important factor when
exploring connection to nature (Hand et al., 2017). Canadian children’s
time outdoors and in outdoor play during the COVID-19 pandemic both
decreased (de Lannoy, Rhodes, Moore, Faulkner, & Tremblay, 2020).
The authors highlighted the importance of outdoor natural spaces for
children and concluded that public health mitigation measures should
ensure that outdoor parks and natural spaces are preserved. A UK study
in England and Wales found that 13% of those living in urban areas did
not have access to a public park or garden within a 10 min walk of their
home, equating to 3.8 million individuals, of which 21% were children
(Shoari et al., 2020).
There is limited evidence describing the relationship between gar
dens and health, particularly for children. The King’s Fund report on
Gardens and Health found there have been no RCTs and only 10 inter
vention studies that focused on exploring the relationship between
gardening and health for specific adult population groups. The report
found that spending time in gardens showed improved emotional wellbeing for some (Buck, 2016). Studies have modelled access to private
gardens, for example Ordnance Survey in 2020 created experimental
private outdoor space insights that estimated 12% of households in the
UK did not have access to a private garden (Office for National Statistics,
2020). Our study, to our knowledge, is the first that assessed both
accessibility and use of private gardens by socio-demographic group
using objective measures – highlighting private gardens are an impor
tant location for children and increased availability is (weakly) associ
ated within increased use.
Studies of children’s natural space exposure found that 1.2% of New
Zealand children’s objectively monitored time was spent in natural
space (Ward, Duncan, Jarden, & Stewart, 2016), in the UK 2% of chil
dren’s after school time was in natural space (Wheeler, Cooper, Page, &
Jago, 2010). Although these studies had differing measurement time
frames, they did provide similar levels of natural space exposure. Our
study excluded school time and indoor wear time, removing 80% of all
children’s GPS locations, and therefore is not directly comparable.
Increasing children’s time in natural space has been shown to be asso
ciated with many health benefits, for example increased intense physical
activity (Ward et al., 2016), reduced ADHA symptom severity (Faber
Taylor & Kuo, 2011) and cellular markers of ageing (Miri et al., 2020).
We found a 30% threshold where there was little difference in use be
tween socio-economic groups, as the proportion of NS within 100 m of
home increased above 40% greater increases in use were predicted for
the most deprived children than children from other socio-economic
groups. McCrorie et al. (2021) found that greater benefit of natural
space for less advantaged children did not manifest until the proportion
of NS within their home neighbourhood moved beyond 30%.
Our study described the proportion of time outdoors in NS and PG
and the proximity of this to home, studies of children’s mobility and
environmental exposures across an entire urban landscape found that
Scottish children spent a significant amount of their non-home and
school time on roads or near transportation stops, food/drink retail,
places of worship and libraries (Olsen et al., 2019). For children in New
Zealand, other residential addresses, food retail outlets, community
venues and sports venues were places commonly visited outside of the
home (Chambers et al., 2017).

gardens, and other policies promote the retro-fitting of existing provision
and re-purposing of vacant and derelict land as community greenspace
(Scottish Goverment, 2019, 2020). Our research highlights that natural
spaces close to home, including private gardens, and natural spaces
further afield are important locations that children spend their time
when outside. This finding supports policies, such as Public Health
England’s Improving access to greenspace (Public Health England, 2020).
Public Health England recommend that a green infrastructure network is
required through the planning system from a micro-level (i.e. garden) to
macro-level (parks and semi-rural natural spaces) that increases provi
sion of and equitable access to greenspace to protect and improve the
nation’s health.
National and regional governments have or aspire to create local
neighbourhoods designed so that residents can meet the vast majority of
their daily needs within a 10-minute walk of their home (800 m)
(Scottish Goverment, 2020). This urban design is referred to in both
academia and government policy as a 20-minute neighbourhood and has
been applied in planning policy in cities globally, such as Melbourne
(Victoria State Government, 2021). A key feature of the 20-minute
neighbourhood is accessibility to parks, greenspaces, gardens and
sports/recreational facilities within 800 m from home (O’Gorman &
Dillon-Robinson, 2021), however a criticism of this policy is that studies
have shown that children are highly mobile and may choose to use
spaces outside of their immediate home area even if they were also
available close to home (Olsen et al., 2019). A study of Canadian chil
dren displayed that three quarters of children’s total out-of-school time
was within 800 m of their home (Loebach & Gilliland, 2016) - although
the authors did not distinguish the land type that the children spent time
within. Our findings highlight natural spaces around children’s homes
are utilised, but this differs by socio-demographic characteristics. The
children included in our study were aged 10 and 11 years, a key tran
sitional phase for increased independent mobility and autonomy as
children move from primary to secondary school; activity spaces tend to
be limited to small buffers around the home (Villanueva et al., 2012) and
dependent on key factors such as fewer local destinations and parental
worries about traffic safety (Lopes, Cordovil, & Neto, 2014). The small
activity spaces for children of this age highlights the importance of local
natural spaces and private gardens close to children’s homes. Our
research suggests that the inclusion of natural spaces within a 20-minute
neighbourhood are extremely important to children, particularly those
from the more deprived areas, and the policy should ensure a focus on
targeting populations with most need as a lever to narrow inequalities.
We found variation in distance travelled to natural space by socioeconomic status, children from the least deprived groups travelling
further from their home to spend time in nature. Children from the least
deprived areas may have increased mobility opportunities to travel
further to different greenspaces that provide greater quality via
increased car ownership or costs related to travel. Provision of high
quality greenspace varies within cities, for example, Edinburgh City
Councils lists 149 parks on their website, of which 34 have received a
Green Flag Award: an international quality standard (Edinburgh City
Council, 2021). Evidence from Northern England showed inequality in
both the quality and size of greenspaces across Sheffield, highlighting
that although access to greenspace was greatest within deprived areas
that these areas were both smaller and poorer quality (Mears, Brindley,
Maheswaran, & Jorgensen, 2019). Further studies are required that
explore access, use and quality of natural spaces/parks by socioeconomic status.
4.3. Limitations

4.2. Research implications

Our study provides an advancement in the understanding of neigh
bourhood availability and use of NS and NS/PG using objective mea
surements from wearable technology. The majority of studies exploring
greenspace exposure and its impact on health are cross-sectional, how
ever when their results are compared to the few longitudinal studies that

Improving access to private gardens has been highlighted within
Government policies and initiatives both for new homes and those
without existing access. For example, the Scottish Government Housing
to 2040 policy stipulates that all new housing should provide private
8
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measure was from 2011, we believe that any natural environmental
change from when our GPS data was collected (2015) would have been
minimal. OS Mastermap is regularly revised, yet only certain features
(primarily manmade features such as buildings and roads) are updated
continuously. Changes to the natural environment, which tend to be
slower and less evident, are updated periodically from aerial surveying
with a revision cycle of between two and ten years (Ordnance Survey,
2021).

were able to determine causality, the pattern of greenspace exposure
benefiting health is prevailing (Kondo et al., 2018). Thus, highlighting
the importance of exposure measurement studies, like ours, to further
understand greenspace availability and use by socio-demographic
factors.
The home neighbourhood and school environment are subject to
different government planning policy and therefore we excluded schooltime wear. Our study aim was to explore time in children’s local
neighbourhoods only, however children spend a significant amount of
their time at school (Olsen et al., 2019) and schools are recognised as
important exposure contexts (McCormick, 2017). Recent evidence from
Australian school children found that increased greenery around pri
mary schools was associated with better reading, grammar, numeracy
and punctuation scores (Claesen et al., 2021), and we recommend
further research should quantify the contribution of these environments
to children’s overall exposure to natural spaces.
Previous evidence has found mixed evidence of differences in chil
dren’s physical activity and sedentary levels by residing in urban or rural
locations and season; no differences in total levels of activity between
children living in urban and rural areas of Scotland and small differences
in physical activity levels between urban/rural areas and by season for
children living in urban areas only (McCrorie et al., 2020). We recom
mend future research explores seasonal differences in access to and use
of natural spaces for children living in urban/rural areas by time spent
indoor/outdoor, physical activity type and different built and physical
environmental contexts, including educational and recreational settings.
Additionally, we measured access and use of local NS and PGs as these
data were available nationally for both urban and rural populations, we
recommend future research explores this association with other mea
sures of local greenspace provision, such as parks, playing fields and
sports pitches.
Our natural space spatial layer was unable to determine whether the
household had sole use of the garden or if the space had vegetation
cover. Data collected in 2021 of a representative UK sample found that
79% of households had access to an outdoor space at their home and of
those 93% had sole use of that space (SSR Environment and Spaces
Group, 2021).
We were unable to determine the quality of the natural spaces and
private gardens, recent research in Sheffield, England, found that
although many deprived areas have better access to greenspaces that
these were often poorer quality (Mears et al., 2019). We recommend that
future research include a quality measure when exploring inequalities in
accessibility and use of natural spaces.
Previous studies have described the time duration spent outdoors
and in greenspaces (minutes spent in an average day), here we decided
against including this figure due to our sampling frame excluding time
when children were in school and variation in total wear time for chil
dren (skewed by deprivation). To mitigate against the variation in total
wear time and to allow comparisons in our outcome variables by sex and
socio-economic status, we included a standardised proportion of total
time in NS or PG. In our models we offset our outcome by total wear time
and included sampling weighting. We recommend future GPS studies
should describe the total time children spend outdoors and in natural
spaces, while mitigating against differences in wear time and sampling
biases.
Despite using precise and highly accurate (within 10 m) devices for
data collection, there may be ‘edge effect’ errors where children trav
elled along pavements adjacent to NS or PGs and the GPS point was
incorrectly classified, to minimise this limitation we excluded all GPS
points that were indoors. Methods have recently been developed to
compensate for ‘edge effect’ error and should be considered for use
when analysing GPS datasets in the future (Mears, Brindley, Barrows,
Richardson, & Maheswaran, 2021).
We obtained natural space and private garden data that covered
urban and rural areas across a national geographic level from a validated
source (Ordnance Survey, 2020). Although our natural environment

4.4. Conclusions
Natural spaces and, in particular, private gardens are a key location
where children spend almost half of their time when outdoors and not in
school. Natural spaces and private gardens closer to the home were used
more by children from more deprived areas and highlight the impor
tance of these spaces for neighbourhood planning. Increased availability
to both natural spaces and private gardens were associated with
increased use.
Local and National governments should ensure access to natural
spaces and private gardens close to home with a particularly focus on the
most deprived areas to ensure the narrowing of inequalities. Policies,
such as the 20-minute neighbourhood, should ensure they apply an in
equalities lens to their neighbourhood interventions, particularly during
a period of fiscal squeeze where areas of greater socio-economic needs
should be prioritised which may reap greater benefit and could narrow
inequalities.
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