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Abstract
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Background: Contact with natural environments can bring health benefits, but research is lacking on how
changes in access to natural environments might improve health, especially for deprived populations.

Objective: To evaluate the health impacts of woodland environment interventions intended to increase
communities’ engagement with these woodlands.

Design: A prospective study of Forestry Commission Scotland’s Woods In and Around Towns (WIAT)
programme in deprived communities to enhance public access to natural environments. The study
investigated the impact that WIAT had on community-level mental health over time.

Setting: Three intervention and three control woodland sites, and associated communities within 1.5 km
of the woodlands, located in central Scotland and eligible for WIAT support.

Participants: A core community survey was administered at each site in three waves, at baseline and after
each phase of intervention (n = 5460, panel A). The completed survey contained a nested longitudinal
cohort (n =609, panel B). Community members also undertook 6-monthly environmental audits at all sites
(n =256) and participated in post-intervention focus groups (n = 34).

Interventions: Phase 1 involved physical changes to the woodlands, including footpaths, entrances and
vegetation. Phase 2 involved community engagement events promoting woodland use.
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ABSTRACT

Main outcome measures: The primary outcome was the Perceived Stress Scale (PSS). Other health
measures included health-related quality of life (HRQoL) EuroQol-5 Dimensions (EQ-5D), physical activity
(PA) [International Physical Activity Questionnaire (IPAQ)], connectedness to nature [Inclusion of Nature in
Self (INS) scale] and social cohesion.

Results: The PSS scores significantly increased in the intervention group and marginally decreased in the
control group. Multilevel regression models showed a differential impact between the intervention and the
control at survey wave 3 in panel A [B (unstandardised coefficient) 3.58, 95% confidence interval (Cl) 2.85
to 4.31; p<0.001] and in panel B [B 3.03, 95% Cl 1.54 to 4.52; p < 0.001]. Using the same analytical
approach, no significant change in HRQoL was associated with the intervention. Economic assessment
included an illustrative cost-utility analysis and a cost—consequences analysis. The differential in stress
between the intervention group and the control group was lower or non-significant in those who visited
‘nature’ in the previous year [panel A, B 1.9, 95% Cl 0.8 to 3.0; p < 0.001; panel B, B 0.64, 95% Cl -1.60
to 2.88; p=0.57]. The IPAQ score showed a positive association with the intervention for moderate levels
of PA [panel B, B 559.3, 95% Cl 211.3 to 907.2; p =0.002] and overall PA [panel B, B 861.5, 95% Cl
106.5 to 1616.4; p =0.025]. The intervention was also associated with increased nature connectedness
and social cohesion by wave 3 — significant for panel A only. Qualitative and quantitative evidence showed
that interventions increased the perceived quality of the woodland environment and enhanced its enjoyment
for different activities, but the increase in use of natural environments post intervention was only 6% (panel B).

Limitations: This study was limited to three intervention sites. External factors may be the primary
influence on health outcomes.

Conclusions: The WIAT interventions did not improve community-level health within 6 months of
completion, and hence there was no basis for demonstrating cost-effectiveness. However, the WIAT
interventions are low cost (average £11.80 per person in the eligible population) and have potential for
cost-effectiveness, if health benefits were found in the longer term.

Future work: Using routinely collected data to consider a whole-programme evaluation is recommended.

Funding: The National Institute for Health Research Public Health Research programme.
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Plain English summary

Poor mental health is a major public health problem. Evidence suggests that natural environments, such
as woodlands, can support or improve mental health.

The health impacts of physical improvements to the environment and community events designed to
increase people’s use and enjoyment of woods in and around towns in Scotland were examined. Three
woodlands that had received interventions as part of Forestry Commission Scotland’s Woods In and
Around Towns (WIAT) programme and three similar woodlands that had not were studied. Methods
included doorstep surveys of community members, walks with local people to assess their woodland
quality and other discussions with planners and locals.

It was found that the WIAT projects did not help to reduce people’s levels of stress in those communities;
in fact, their stress levels went up. This is difficult to explain; factors outside those studied may have
influenced stress levels. There was no change in people’s general health and quality of life. However, the
WIAT projects made a small difference to how often people visited natural environments and people in
these communities who visited natural environments were also likely to be less stressed than those who
did not visit natural environments. The WIAT project communities also reported that their moderate
physical activity levels had increased somewhat. When members of the local community were asked about
the WIAT changes, they reported that they appreciated physical improvements to the environment and
ranger-led activities but they had concerns about longer-term maintenance and antisocial behaviour.

This study showed that WIAT projects are low cost. However, without any benefits to overall health found
immediately after the interventions, they cannot be counted as cost-effective.
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Scientific summary

Background

High prevalence of poor mental health is a major public health problem in the economically developed
world. Approximately 27% (83 million people) of the adult population in the European Union experienced
at least one mental health disorder in the past year. The economic cost of poor mental health is high.

In Scotland, where this project was based, this cost has been estimated at £10.7B.

Environmental influences on health, including mental health, are of particular interest because of their
potential to affect large numbers of people. Observational and experimental studies have found associations
between access to natural environments and a range of physical and mental health benefits. However, there
is also evidence that, within certain distance parameters, quality may be more important than proximity.
There is varying evidence on whether the health effects of proximity to natural environments are stronger

in men or women.

The present evidence base on the population-level health effects of exposure to natural environments is
largely observational and tells us little about how changes in access to natural environments improve
health, or how those changes should best be achieved. For instance, it is unclear whether the provision
of natural environments or the promotion of opportunities to access these environments matters most.
This evidence gap provided the rationale for this study.

The research took advantage of a rare opportunity for a prospective study. Through its Woods In and
Around Towns (WIAT) programme, Forestry Commission Scotland (FCS) planned a set of physical and
social interventions in deprived communities to enhance public access to natural environments. The study
treated these interventions as a quasi-experiment and investigated their impact on mental health at a
community level over time.

Objectives

The study’s main objective was to evaluate the health impacts of interventions that sought to increase
community use of local woodlands. Our research questions were:

® What is the impact of the WIAT programme of interventions on mental health (particularly levels of
stress) in the community?

® s any impact on mental health associated with changes in engagement with woodland or other
natural environments after implementation of the WIAT interventions?

® Are changes to the physical woodland environment sufficient to have an impact on mental health
and/or woodland awareness and use by the community, or are organised activities and other
promotional initiatives also required?

® What is the impact of the intervention on other health and well-being outcomes [i.e. physical activity
(PA) levels, connectedness to nature and community cohesion]?

® What is the impact of the intervention on length and frequency of visits to natural areas and local
woods, experience of local woods, awareness of them, activities undertaken there and visual contact
with woodland?
Are there gender differences in the impacts of the interventions?
Are there differences in patterns of woodland use, and in impacts of the interventions, in accordance
with distance of woodlands from participants’ homes; is there any distance threshold for impacts?

® What are the cost consequences of each stage of the intervention in relation to the study outcomes?
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SCIENTIFIC SUMMARY

Methods

The study was a controlled, programme-level evaluation of the WIAT intervention. The research design was
guasi-experimental and included three intervention and three matched control sites as part of a longitudinal,
mixed-methods study. Repeat cross-sectional surveys were undertaken of individuals resident in intervention
and control communities, with three waves of data collection to assess health impacts. A longitudinal cohort
of participants (seen at two or three waves) was nested within the cross-sectional surveys, the size of which
was determined by the extent to which we obtained repeat responses. The study also tracked the quality
and cost of environmental changes and promotional activities in the woodlands, the local communities’
perceptions of these interventions and their impact on primary and secondary health outcomes.

The study contained six main components:

1. A preliminary survey of all potentially WIAT-eligible woodlands and their associated communities, using
FCS maps and site visits, to identify sites appropriate for intervention starting in 2012/13 and for which
comparable control woodlands and communities could be identified.

2. A record of the environmental and social interventions planned and implemented by FCS under their
WIAT programme, including the costs involved at all stages.

3. A core survey of the local community in each site, undertaken before and after each of the two phases
of WIAT intervention, to record the intervention’s impact on health and well-being outcomes,
perceptions and use of local woods and green space.

4. Audits of the woodlands and associated neighbourhood environment, by expert auditors and by
community members, in both winter and summer, before and after each phase of the intervention,
to evaluate any physical change at each site.

5. A gualitative study of a subsample of core survey and woodland audit participants from each local
community to elicit an understanding of the experience of the intervention and perceptions of
its effectiveness.

6. An economic evaluation of the intervention and any associated health outcomes identified.

The interventions

Phase 1 (physical interventions) took place over 8 months and included (1) clearing shrubs, (2) installing
fences and gates, (3) creating boardwalks and paths and (4) adding signage.

Phase 2 (social interventions) started 4 months after the physical interventions were completed and took
place over 9 months. Examples include led walk programmes, family fun days, sculpture, sport activities
and special event days, targeting a range of different age groups.

Measures used in the core survey
The primary outcome was a measure of stress, assessed using the Perceived Stress Scale (PSS).
The main secondary outcome measures used were:

® mental well-being [as measured by the Short Warwick—Edinburgh Mental Well-being Scale (SWEMWBS)]

o self-reported PA levels [as measured by the International Physical Activity Questionnaire — Short Form
(IPAQ-SF)]

® self-reported visits to the local woodland site

® self-reported visits to other local green spaces

® perceptions and experiences of the local woodlands
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emotional connection to the natural world [as measured by the Inclusion of Nature in Self (INS) scale]
perceived restorativeness of the woodland environment

self-reported health-related quality of life (HRQoL) [as measured by the EuroQol-5 Dimensions (EQ-5D)]
perceptions of the local neighbourhood and social cohesion

a range of sociodemographic variables.

Study participants recruited and analytical methods

The core community survey recruited individuals aged > 16 years living in the intervention and control
communities within 1.5 km of the relevant woodland site. Selection used a random sampling approach,
stratified in accordance with distance from the WIAT-eligible woodlands. After data cleaning and checking, the
survey produced a cross-sectional sample of 5460 participants (wave 1, n=2117; wave 2, n= 1672; wave 3,
n=1671), labelled panel A. The survey contained a nested longitudinal cohort of 609 participants (wave 1,
n=609; wave 2, n = 350; wave 3, n=402), labelled panel B. Panel B was less representative than panel A but
had the virtue of reflecting change in the same individuals at baseline and after the interventions. Approaches
to quantitative analysis included an overall effect estimate based on intention to treat (ITT) and, subsequently,
a closer inspection of the intervention effect on our primary outcome (perceived stress). This considered the
differential impact of the WIAT programme as a function of three main factors: (1) engagement with the
woods (physical and visual), (2) gender and (3) distance to the woods.

Community members were also recruited to undertake 6-monthly environmental audits at all sites, each
winter and summer between 2013 and 2015. Participants at each site contributed 256 community-led
audits in total, alongside expert audits by landscape professionals.

Community members in the three intervention sites were also recruited to participate in post-intervention
focus groups or interviews in 2015 or 2017 (n = 34). Thematic analysis of the transcripts informed
interpretation of findings.

Economic analysis considered the costs of the interventions against HRQoL outcomes. Cost-consequences
and cost-utility analyses were undertaken, along with a sensitivity analysis, and the results of all
simulations were combined to give incremental cost-effectiveness ratio (ICER) results.

Results

Our findings for the primary outcome measure showed that stress (as measured by the PSS) increased
significantly in the intervention group and marginally decreased in the control group. Multilevel
regression models showed a differential impact between intervention and control at survey wave 3 in
panel A [B (unstandardised coefficient) 3.58, 95% confidence interval (Cl) 2.85 to 4.31; p < 0.001] and in
panel B (B 3.03, 95% Cl 1.54 to 4.52; p < 0.001). Mental well-being results showed a similar differential
impact, with a decline in SWEMWRBS score by wave 3 for panel A (B -0.57, 95% CI -1.10 to —0.03;

p < 0.05) and panel B (B -1.65, 95% Cl -2.73 to -0.57; p < 0.01). Using the same analytical approach,
we found no significant change in HRQoL (EQ-5D) associated with the intervention.

The differential in stress between intervention and control was lower or non-significant in those who
visited woodlands and other natural environments in the previous year (panel A, B 1.9, 95% Cl 0.8 to 3;
p <0.001; panel B, B 0.64, 95% Cl -1.6 to 2.88; p=0.57), whereas for SWEMWABS there was a positive
differential for this group in panel A by wave 3 (B 0.91, 95% Cl 0.13 to 1.68; p < 0.05). The increase in
PSS scores and decrease in SWEMWSBS scores associated with the intervention was strongly evident in
those who had not made such nature visits, suggesting that factors other than the WIAT intervention lie
behind the mental health patterns observed.
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Measures of PA (as measured by the IPAQ-SF) showed positive association with the intervention for moderate
levels of PA (panel A, B 249.2, 95% CI 58.25 t0 440.1; p =0.01; panel B, B 559.3, 95% Cl 211.3 t0 907.2;
p =0.002) and overall PA (panel B, B 861.5, 95% Cl 106.5 to 1616.4; p = 0.025). This compared favourably
with the control group, in which levels of PA declined over time.

The intervention was also associated with increased INS score (panel A, B 0.39, 95% CI 0.2 to 0.57;
p < 0.001) and social cohesion (panel A, B 0.5, 95% Cl 0.29 to 0.70; p < 0.001) by wave 3 but these
findings were significant for panel A only.

The intervention did not show a significant association with length and frequency of visits to the specified
local woods. However, there was a significant association with undertaking nature visits more generally,
compared with control sites, in both panels [panel A, odds ratio (OR) 2.69, 95% Cl 1.9 to 3.81; p < 0.001;
panel B, OR 2.77, 95% Cl 1.45 t0 5.29; p < 0.001]. This translated into a predicted increase of 6% in
intervention site participants visiting natural environments, compared with a drop of 11% in the control site.

Awareness of the local woods also increased significantly for the intervention group (panel B, OR 3.39,
95% Cl 1.72 to 6.67; p < 0.001). For those who visited their local woods (a minority of participants), there
was a significant increase in going for a walk in the woods by wave 3 (panel A, OR 3.3, 95% Cl 1.73 to
6.29; p < 0.001) and for walking with family and/or friends by wave 2 (panel A, OR 3.42, 95% Cl 1.37 to
8.56; p < 0.01). For measures of experience of the woods associated with attention restoration theory, we
found a significant association between the intervention and ‘being away’ and ‘fascination’ by wave 3 for
both panels [‘being away’, panel B, B 2.72, 95% Cl 1.95 to 3.49; p < 0.001].

Although our results showed that, on average, women were consistently associated with higher levels of
stress than men, there was no significant difference in stress levels by gender.

Differences in stress between the intervention and control groups were largest in those living furthest from
the woods (501-750 m and 751-1500 m), with significantly higher stress in both panel A and panel B for
participants in these categories. In panel B, increases in stress levels were not significantly different between
control and intervention site participants living within 500 m of their local woodlands.

The environmental audit results showed a significant difference between intervention and control site scores
at each time point, both for community (p < 0.001) and for expert audits (o < 0.001). The interventions
were perceived as significantly enhancing the quality of the intervention woodlands compared with baseline,
and this was true regardless of seasonality. By summer 2015, after both phases of the intervention were
completed, the intervention sites were considered to be of significantly higher quality than the control sites.
However, for the community auditors (but not the expert auditors), this had also been true at baseline.

The qualitative analysis of focus groups and interviews suggests that the positive changes in intervention sites
noted by community-led audits were highly appreciated by community members, although these were often
participants who already visited the woods regularly. Positive responses to the intervention included walking,
appreciation of wildlife and nature (especially for children) and enjoyment of peace and quiet. There was also
evidence of positive social engagement and community benefits. Negative comments largely focused on
vandalism, litter and dog faeces, overgrown vegetation and deterioration of footpaths that reflected a lack of
maintenance after the interventions were completed. Overall, there was considerable consistency between
comments made by community site auditors and the focus groups/interviews.

The total cost of the WIAT interventions was £241,667 across the estimated eligible population on whom the
programme had an impact (n = 20,472). This resulted in an average cost of £7.68 (95% Cl £7.67 to £7.69)
for the physical intervention (wave 2) and £11.80 (95% Cl £11.79 to £11.82) for both physical and social
interventions (wave 3). Because no significant associations between the intervention and improvements in
EQ-5D score were found, WIAT's cost-effectiveness cannot be demonstrated. The cost-utility analysis in
panel A reveals an ICER of £935 (95% Cl £399 per QALY to dominated, thus higher cost and lower QALY
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than the control) in wave 2 for the physical intervention and an ICER of £662 (95% CI £206 per QALY to
dominated) in wave 3 for both social and physical interventions. This illustrates that, given the modest cost of
the interventions based on the average per person in the eligible population, WIAT interventions would need
to have only a small impact on HRQoL to show cost-effectiveness.

Contributions of the study

To our knowledge, this study is the first of its kind: a prospective study in which planned interventions to
enhance urban populations’ access to natural environments provided a ‘natural experiment’ and health
impacts of the interventions were evaluated at a community level over time. Our evaluation was enhanced
by several factors, including primary data collection, the embedded longitudinal component and a mixed-
methods approach.

The study is underpinned by a clear theoretical model and the findings offer some support for certain
pathways indicated in the model between interventions in the natural environment and health outcomes.

Conclusions

® The significant increase in stress outcomes associated with intervention sites cannot be adequately
explained by data from our mixed-methods approach and may be attributable to external influences
beyond this study.

e Qur evidence suggests that other, significantly positive outcomes may be at least in part attributable to
the interventions, although we cannot exclude external influences.

® The economic evaluation illustrated the requirements for WIAT to show cost-effectiveness in relation to
HRQoL. Longer-term interventions and post-intervention evaluation might be needed before any such
outcome is likely.

® We recommend increasing the number of sites included in such a study — that is, in which natural
experiments do not allow for random allocation of participants to different treatments and the cost of
primary data collection is high. Such an approach might, for example, use routinely collected data to
undertake a whole-programme evaluation of WIAT.

Funding

Funding for this study was provided by the Public Health Research programme of the National Institute for
Health Research.
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Chapter 1 Background

his section outlines the wider context and background against which the study was developed. The
study’s public health focus (mental health) is presented and the intervention it evaluated is introduced.

Context

High prevalence of poor mental health is a major public health problem in the economically developed
world. Approximately 27% (83 million people) of the adult population in the European Union experienced
at least one mental health disorder in the past year." The economic cost of poor mental health is high. In
Scotland, where this project was based, this cost has been estimated at £10.7B.2 Improving mental health
and well-being is a public health priority.

Environmental influences on health, including mental health, are of particular interest because of their
potential to affect large numbers of people.3 Epidemiological investigation and public health policy have
long understood the environment primarily in terms of threats to human health; however, there is now
growing interest in the salutogenic properties and capacities of environments — that is, in the potential for
environments to maintain and improve health.# Good evidence from both individual- and population-level
studies suggests, for example, that contact with natural environments and green spaces, such as parks,
woodlands and river corridors, brings health benefits.57

How do natural environments affect health? Three principal mechanisms have been proposed.s First, they
may be conducive to physical activity (PA), for which health benefits are well proven.? Second, they may
foster and support social contact, again for which there is evidence of health benefit.’®'" Third, contact with
natural environments per se may reduce stress, improve well-being and promote immune response.!2-14
This direct effect of natural environments on human health operates, inter alia, via psychoneuroendocrine
pathways and has been demonstrated in both laboratory and field experiments.”121> Empirical evidence for
such psychophysiological benefits is supported by well-developed theories about this effect’s origin, such as
the hypothesis that it is a psychoevolutionary response to environments that have proved favourable to
humans.'®-'8 The balance of evidence currently suggests that the psychophysiological responses may be the
most important of the three mechanisms, although they may be additive or supra-additive.® In addition,
there is evidence that greener environments are less polluted environments in terms of air quality, either
because vegetation removes pollutants from the air or because a greener environment has fewer pollution
sources within it.19:20

How useful could these health effects be for population health? Observational studies have found
associations between access to natural environments and mortality rates for diseases in which stress,
immune function and PA play a role in aetiology (see, for example, Maas et al.,2'22 de Vries et al.23 and
Coutts et al.24). Studies in the UK show a typical reduction in risk of mortality from cardiorespiratory
disease of 5% to 10% in urban-dwelling populations with good access to natural environments compared
with those with poor access.2526 In Denmark, Stigsdotter et al.2” found reported levels of stress to be some
40% lower among those with good access to natural environments (< 300-m distance) than those with
poor access (> 1 km distance). A number of studies have shown greater use of green space when it is
more proximate.28-30 However, there is also evidence that, within certain distance parameters, quality may
be more important than proximity.3' The positive impacts of access to natural environments appear
particularly beneficial for deprived urban populations and this might be one explanation for the evidence
that socioeconomic health inequalities appear narrower among urban populations with greater access to
natural environments.? It is important to note, however, that results from observational studies vary by
individual characteristics; in particular, it appears that effects may be greater for men than for women.26
There is currently no clear empirical evidence as to why this should be, although it is hypothesised that it
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might be attributable to differences between men and women in the frequency, duration and mode of
access to natural environments.

The present evidence base on the population-level health effects of exposure to natural environments is, then,
largely observational and is therefore subject to the biases and threats from confounders that characterise
observational designs. This evidence base also tells us little about how potential changes in access to natural
environments improve health or, perhaps more importantly, how those changes should best be achieved.

We do not know, for instance, if it is the provision of natural environments or the promotion of opportunities
to access these environments that matters most, or if both are equally important. This evidence gap provided
the rationale for this study.

The research took advantage of a rare opportunity for a prospective study. Through its Woods In and
Around Town (WIAT) programme, Forestry Commission Scotland (FCS), the Scottish Government'’s forestry
advisor and regulator and the public body that manages Scotland’s forests and woodlands, planned a set of
physical and social interventions in deprived communities to enhance public access to natural environments.
The study treated these interventions as a ‘natural experiment’32 and investigated their impacts on mental
health, particularly perceived stress, at a community level over time.

Woods In and Around Towns is a programme delivered by FCS that targets woodlands near socially deprived
urban communities. It operates to improve and promote local woods as safe and accessible places for enjoying
the outdoors.33 WIAT aims to increase local residents’ contact with woodlands that are situated within 1 km of
settlements with a population of at least 2000 people, thus enhancing well-being and quality of life in urban
Scotland.

In aiming to increase local residents’ contact with their local woodlands, WIAT aims to improve mental health
and well-being, including stress regulation. FCS committed > £70M to WIAT between 2005 and 2015. It
delivers a suite of physical and social interventions within targeted woodlands. Physical interventions consist
of physical changes to enhance sustainable management of the woodlands and improve onsite recreation
facilities (new paths, signage, entrances, etc.). Social interventions consist of a programme of publicised and
facilitated community-level activities/events (e.g. guided walks, natural play and woodland-based classes for
school children) that aim to promote the woodlands and increase use. The social and physical interventions
delivered in a given woodland are particular to the needs, challenges and interests of that woodland and
surrounding community. WIAT represented a rare and valuable opportunity to carry out a prospective
evaluation of the health impacts of change in, and promotion of, woodland environments near deprived
communities.

Members of the study team had previously investigated impacts of WIAT interventions in a pilot study completed
between 2006 and 2009 in the city of Glasgow. That study focused on one wooded green space that received
WIAT interventions and a matched comparison green space that did not.3* Using a repeat, cross-sectional survey
(n =100) of residents living within 500 m of their local green space, impacts on patterns of use, PA, perceived
quality of life, perceptions of the neighbourhood and perceptions of woodland/green space environments were
explored.3* The study revealed that the interventions had a positive impact on use patterns and were associated
with improved quality of life and enhanced perceptions of the neighbourhood and woodlands; these are factors
that might influence health outcomes.34

The current study provided an opportunity to investigate these relationships further and, if established,
explore whether or not they translated into changes in health and well-being. Within this study, therefore,
we evaluated the impacts of physical and social interventions delivered by FCS as part of the WIAT
programme within three separate woodlands located in the Central Belt of Scotland. These interventions
targeted approximately 38 ha of woodland in total, delivered some 3500 m of new and upgraded path,
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new seating areas and signage, a restored water feature, repaired fences, tree works and > 60 community
engagement activities including photography workshops, health walks and bulb-planting days.

Research aims and objectives

Ultimately, the study aimed to provide robust and generalisable evidence on the impact on mental health
of an intervention designed to enhance, and increase engagement with, natural environments. To provide
a complete assessment of the WIAT interventions, the study aimed to evaluate the effects of the
interventions, the functioning of the interventions3 and the interventions’ value for money through linked
quantitative, qualitative and economic evaluations.

The key research objective and questions that steered the study were as set out below.

The study’s main objective was to evaluate the health impacts of an intervention that enhanced woodland
environments in deprived communities and sought to increase community engagement with these
woodlands. This aim was captured in the following primary research question:

® What is the impact of the WIAT programme of interventions on mental health (particularly as measured
by patterns and levels of perceived stress) in the community?

Several secondary research questions also structured the study:

® s any impact on mental health associated with a change in levels of engagement with woodland or
other natural environments (physical and/or visual) after implementation of the WIAT intervention?

® Are changes to the physical woodland environment sufficient to have an impact on mental health
and/or woodland awareness and use by the community, or are organised activities such as led walks
and other promotional initiatives also required?

® What is the impact of the intervention on other health and well-being outcomes (i.e. PA levels, sense
of connectedness to nature and community cohesion)?

® What is the impact of the intervention on length and frequency of visits to natural areas and local
woods, experience of local woods, awareness of them (knowledge of their qualities and availability for
use), activities undertaken there and visual contact with woodland?
Are there gender differences in the impacts of the interventions?
Are there differences in patterns of woodland use, and in impacts of the interventions, in accordance
with distance of woodlands from participants’ homes, and is there any distance threshold for impacts?

® What are the cost consequences of each stage of the intervention (including time input from FCS
rangers) in relation to the primary and secondary outcomes of the study?

Literature review

This study was informed by a review, summarised here, of the relevant literature focusing on the few
intervention studies that have considered the effects on mental health of physical changes to natural
environments and/or exposure to natural environments.

There is accumulating evidence for the beneficial effects of green space on mental health.3¢ Multiple studies
have found associations between living in or near green environments and/or visiting green environments
and improved mental health, lower levels of stress, depression, anxiety and psychological distress and
higher levels of well-being and vitality.27.37-43 Although the precise attributes of green space associated with
these health benefits, and the relative importance of different attributes, requires further research,3644
studies have identified tree cover, tree canopy density, neighbourhood greenery, visible grass and trees, 4346
the quality of green space and its sensory and spatial characteristics#’-4 as important. Different segments

of the population experience differential health benefits from these and other attributes, with evidence
indicating that gender, age, ethnicity and socioeconomic status may mediate the effect.3¢ For example,
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a significant relationship has been identified between access to ‘serene’ green space (i.e. a ‘holy’, safe,
calm, undisturbed, silent green environment) and improved mental health in women but not in men.4°

It is rare for insights into the effect of natural environments on mental health to derive from studies that
assess the impacts of natural environment interventions. This may in part be because natural environment
interventions rarely focus on impacts on mental health. The World Health Organization (WHO) recently
issued a call across European professional and city networks for case studies of urban green space
interventions.>® Of the 48 complete submissions received, sent in by municipal authorities, public agencies
and third-sector organisations, only five considered impacts on mental health.5" Also relevant might be the
finding that studies of the impacts of natural environment interventions that deliver physical change rarely
focus on changes in mental health; instead, changes in PA or visits to green space are the usual concern.4
A recent systematic review of interventions that delivered physical changes to urban green spaces identified
38 relevant studies, but just three measured mental health outcomes: two considered self-reported stress
levels5253 and one considered self-reported depressive symptoms.54 Those studies considering stress levels
found that residents reported lower levels of stress in areas where vacant urban lots had been cleaned up
and ‘greened’ (trees and grass planted, land graded, low wooden perimeter fences installed)s2 and,
although not constituting a significant decline, reduced levels of stress in areas where green storm water
infrastructure had been installed.? In the study that considered depressive symptoms, highlighting the
important point that studies do not universally identify a positive relationship between natural environments
and improved health, a significant increase in depressive symptoms was identified in adolescents
(adolescents and adults were studied) in areas that had received park-based and greening interventions.>*

Studies of the impacts of natural environment interventions that deliver physical change suffer from various
methodological limitations that curtail the insights they afford.* Studies often operate short follow-up
periods, limiting the potential to assess longer-term impacts.* Details of sample size calculations are rarely
provided and many studies are underpowered.* Studies lacking an appropriate sample size calculation are at
increased risk of type Il errors when the sample is too small to detect an effect. Few studies have considered
the economic implications of interventions and studies often provide incomplete accounts of the interventions
evaluated, neglecting measures of their implementation (e.g. dose, fidelity, reach).#

Compared with the number of studies that have considered the impacts on mental health of interventions
that deliver change in natural environments, far more studies have evaluated the effects on mental health
of interventions that focus on exposure to natural environments. A recent systematic review of trials that
compared the effects on well-being of outdoor exercise initiatives with indoor initiatives identified 11 relevant
studies and all measured some aspect of mental well-being, usually mood.>> These studies indicated that,
relative to exercising indoors, exercising in natural environments was associated with decreases in tension,
confusion, anger and depression, greater feelings of revitalisation and positive engagement and increased
energy, although feelings of calmness appeared to reduce.>> A similar systematic review, which focused on
studies that compared the impacts on health or well-being of exercise completed in natural environments
with exercise completed in ‘synthetic’ environments, identified 25 relevant studies and 16 of these measured
aspects of mental well-being.> These studies indicated that exercising in natural environments was associated
with beneficial effects on several dimensions of mental health, including measures of anger, fatigue and
depression/sadness.5¢ However, various methodological limitations restrict the insights afforded by these types
of studies.¢ Studies often focus on single exposures to natural environments and effects are often assessed
immediately following exposure.> As a result, longer-term impacts, and the impacts of repeat exposure, are
not considered.5 Study participants tend to be college students, adult males and physically active adults,
limiting the potential to extrapolate to wider populations.5¢ Finally, within some studies it is unclear if the
selected ‘natural’ environments are sufficiently ‘green’ to provide a test of the effect of ‘nature’ on health.

To address gaps and deficiencies in the evidence base, such as those discussed here, there is a clear need
for further formal assessments of natural environment interventions that deliver physical change. This
study, in seeking to evaluate a natural environment intervention that delivered change in community
woodlands, was conceived to help address this need.
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his chapter describes the study’s overall research design and presents the approach and methods

employed to address each of the research questions outlined in Chapter 1. It involved both quantitative
and qualitative methods and considerable community and stakeholder engagement. This multimethod
approach allowed us to identify the outcome of the interventions in relation to our key health, well-being
and quality-of-life measures (see Chapter 3). We explored community perceptions of the environment
affected by the WIAT interventions (see Chapter 4) and undertook an economic evaluation (see Chapter 5)
of the interventions. The methods used for each are described in turn.

A high-level evidence-based logic model (Figure 1) that hypothesised how the interventions would affect
health underpinned and orientated the study. It is an adapted version of the model for this study published
by Silveirinha de Oliveira et al. in 2013.57 This theory posited that the physical changes to the woodlands
would make them more accessible, more aesthetically pleasing and safer, and the social interventions
would increase awareness of, and engagement with, the woodlands as well as social interactions among
community members. Collectively, this would lead to individuals visiting the woodlands more often and
taking greater pleasure in views of and use of the woodlands. As a result, there would be measurable
reductions in self-reported levels of stress (our primary outcome measure). Other hypothesised pathways to
this outcome included increased levels of PA, increased feelings of connectedness with nature and better
community cohesion.

WIAT programme

[ Individual factors ) (Environmental factors) ( Proximal outcomes] [ Distal outcomes )
rPhysicaI changes to ) Enhanced environment
» | environment ® woods more accessible
7| ® clearance of rubbish ® woods more aesthetically
p N and signs of vandalism attractive
Personal Social and ® improved access to ® woods feel safer to use
characteristics || economic paths and trails ® woods well maintained
® age factors ® vegetation cleared,
® sex ® SES planted, managed
* ethnicity * employment ® signage improved p y N Health-related
o LLTI status ® entrances marked Behaviour outcomes outcor.nes -
o life events ® education ~ y | * people visit woods Health ® physical activity
* household more often outcome levels increase
composition ® people take greater ® lower stress ® co_nnectedness
® access to car - A N pleasure in views of levels YVlth nature
¢ dog ownership Social changes to woods Increases
/| increase awareness of \ y ® better
woods community
I ® led walk programmes awareness/
P [ o leafleting (social support for ) cohesion

® community event days N environmental use

* management and * people know more about
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® supervised community
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Hypothesised impact pathways of the WIAT intervention programme. LLTI, limiting long-term illness;
SES, socioeconomic status. Adapted with permission from Silveirinha de Oliveira et al., 2013.%” This is an Open
Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 4.0) license,
which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the
original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/.
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STUDY DESIGN AND METHODS

Overall research design

The study was a controlled programme-level evaluation of the WIAT intervention. The research design was
quasi-experimental and included three intervention and three matched control sites. The WIAT intervention
was treated as a natural experiment.32 The study design included repeat cross-sectional surveys of
individuals resident in intervention and control communities, with three waves of data collection to assess
health impacts. A longitudinal cohort of participants (seen at two or three waves) was nested within the
cross-sectional surveys, the size of which was determined by the extent to which we were able to obtain
repeat responses. The longitudinal mixed-methods study also tracked the nature and cost of environmental
changes in woodlands and promotional activities that took place, the local communities’ perceptions of
these interventions and the interventions’ impact on primary and secondary health outcomes.

The study contained six main components (Figure 2):

1. A preliminary, geographical information system (GIS)-based assessment of all potentially WIAT-eligible
woodlands and their associated communities, using both FCS maps and (in the final stages of site
choice) site visits, to identify sites appropriate for intervention starting in 2012/13 and for which
comparable control woodlands and communities could be identified in each case.

2. A record of the environmental and social interventions planned and implemented by FCS, under the
WIAT programme, including the costs involved at all stages, to ensure that we could identify sites that
had not been subject to recent WIAT intervention prior to the commencement of this study.

3. A core survey of the local community in each site, undertaken before and after each of the two
phases of WIAT intervention, to record the intervention’s impact on health and well-being outcomes,
perceptions and use of local woods and green space, and assessments of the local neighbourhood and
the interventions.

4. Audits of the woodlands and associated neighbourhood environment, both by expert auditors and
by local community members, in both summer and winter, before and after each phase of the
intervention, to evaluate any changes in the physical characteristics of each site.

5. A qualitative study of a subsample of core survey and woodland audit participants from each local
community to elicit an understanding of the experience of the intervention and perceptions of
its effectiveness.

6. An economic evaluation of the intervention and any associated health outcomes identified.

Figure 3 shows the time scale for the data collection components 3, 4 and 5 listed above against the time
scale of the WIAT interventions.

Study setting

Six woodland sites (three intervention and three control sites), and associated communities, were included
in the study. They were located within the Scottish Lowlands Forest District, a district that covers the
Central Belt of Scotland, extending from the west to the east coast and including the major conurbations
of Glasgow and Edinburgh. The National Records of Scotland show that, of the 5.37 million people living
in Scotland in mid-2015, the Central Belt of Scotland contained > 3.3 million of those people. This highly
urbanised part of Scotland, including Greater Glasgow, Renfrewshire, North Ayrshire, North Lanarkshire,
Falkirk, the Lothians, Edinburgh and Fife, also contains the majority of the most deprived populations.

Site selection

The woodlands and associated communities were chosen from among those that met WIAT inclusion
criteria. At the time of site selection, these required woodlands to lie within 1 km of a settlement of
at least 2000 people, for the woodland to cover a minimum of 1 ha and at least 40% of the land had
to have tree cover. Furthermore, the WIAT programme targets woodlands in areas of high deprivation.
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Core community survey and WIAT interventions

Baseline WIAT phase 1 Survey wave 2 WIAT phase 2 Survey wave 3
Survey wave 1 Physical (2014) Social (2015)
(2013) interventions Mid-May 2014 interventions End April 2015
End April 2013 October 2013 o late June End June 2014 to early July
to mid-June to March 2014 to early March
2013 2015

Woodland audits
Winter, early 2013/Summer 2013/Winter, early 2014/Summer 2014/Winter, early 2015/Summer 2015

Focus groups/interviews:
November 2015
February 2017

Time scale of data collection and WIAT interventions.

Our site selection further developed these criteria to choose sites that satisfied the study requirements,
including the need to match sites ready for intervention as closely as possible with control sites in terms of
a number of environmental and demographic characteristics. The process was as follows.

1. Sites were chosen within the worst 30% of socioeconomic deprivation in Scotland as measured by the
Scottish Index of Multiple Deprivation (SIMD).58

2. At least 50% of the woodland area had to be within 1.5 km of an urban population of at least 2000
people. We expanded the definition of community within range of woodlands to 1.5 km to ensure an
adequate settlement size for sampling purposes and to allow for any effect of distance to be assessed.

3. Woodlands had to have a minimum size of 4 ha (this was deemed more typical of WIAT sites in practice than
the FCS minimum criterion of 1 ha for WIAT eligibility) and at least 40% of the land had to have tree cover.
After the application of steps 1, 2 and 3, 40 sites were identified as potential candidates. The selection
process was narrowed further by assessing the physical qualities of both woodlands and surrounding
communities. To do so, satellite and panoramic images via Google Earth (Google Inc., Mountain View,
CA, USA) were used. Factors considered for this analysis included:

i. The maturity and the degree of existing cover of the trees.
ii. The height of residential buildings (because high-rise or tower block housing provides particular
challenges in terms of access, we excluded areas with this housing).
iii. The different ways of accessing the woodlands, including any major physical barriers to access.
iv. The number of private or semi-private gardens as well as the quantity of trees there.

4. A final shortlist was presented to the FCS to assess the status of each site, potential issues, previous grants
and interventions. Woodland sites that had received FCS investment or direct promotion within the
previous 5 years were discarded. This resulted in a shortlist of 10 sites from which to choose for the study.

5. Several visits to the shortlisted sites were conducted by researchers and members of the FCS to examine
whether or not the characteristics of the sites were fully consistent with the desk-based analysis.

6. Six sites were chosen in December 2012, assigned to the intervention or control group and paired
(one each of intervention and control) based on various socioeconomic and demographic characteristics
of individuals living in the surrounding communities (Table 7). Three sites were assigned to the
intervention group and the remaining three to the control group (Tables 2a and 2b). The intervention
sites of each matched pair were chosen based on their readiness for management agreements to be
obtained (see point 7), as there was little time for lengthy negotiations on ownership, access and use.

7. Management agreements were prepared between the FCS and the local authorities involved to ensure
that no other interventions within the shortlisted sites took place during the time frame of the natural
experiment, thus reducing confounding issues in the study design. These efforts also involved close
consultation with private land owners as some of the chosen woodlands were not under full ownership
of the relevant local authorities.
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TABLE 1 Community characteristics used to match intervention and control sites

Characteristic

Multiple
Demographic Neighbourhood housing Economic factors deprivation
e Age profile ® Proportion of detached, Income (number of  SIMD? e SMR?
® Mean age semi-detached, terraced,  income-deprived ® Proportion of population
® Percentage flats/tenements people) being prescribed drugs
of non-white @ Building height for anxiety, depression
residents or psychosis®

SMR, standardised mortality ratio.
a Data obtained at datazone level for the relevant output areas.

TABLE 2a Demographic characteristics of study sites

Age, years (%) Ethnicity

Mean age Non-white
0-9 10-14 15-19 20-29 30-44 45-59 60-64 65-74 75-84 >85 (years) (%)

Intervention A 12 8 8 10 21 17 7 11 4 1 39 1
Control A 14 9 8 10 22 17 6 9 4 1 37 0
Intervention B 12 7 7 11 22 16 9 13 4 1 40 1
Control B 11 9 8 12 22 21 5 7 4 1 37 2
Intervention C 16 9 8 13 24 16 4 7 3 0 34 1
Control C 15 9 9 14 23 18 3 5 4 1 34 1
Note

Percentages may not total 100 owing to rounding.

TABLE 2b Neighbourhood and health characteristics of study sites

Economic and

Neighbourhood housing type (%) deprivation indicators Health
Semi- Other Income

Detached Flats/ detached Terraced (e.g. deprivation  SIMD Depressed

houses tenements houses houses caravan) score® (%) score® (%)
Intervention A 4 41 22 32 1 33 49 152 10
Control A 8 48 19 24 2 35 49 143 11
Intervention B 2 50 1 36 1 27 36 111 9
Control B 7 13 32 47 1 23 32 120 1
Intervention C 3 15 22 58 0 22 35 108 10
Control C 9 13 17 61 1 25 35 97 11

SMR, standardised mortality ratio.

a The proportion of the population who are in receipt of benefits related to low income.

b The scores are a weighted sum of scores for seven domains indicating relative deprivation: current income, employment,
health, education, geographic access, housing and crime; the scores are obtained at datazone level for the relevant
output areas.

¢ The area’s actual number of deaths as a percentage of its expected number (100) for Scotland as a whole; data obtained
at datazone level for the relevant output areas.

Note

Percentages may not total 100 owing to rounding.

© Queen'’s Printer and Controller of HMSO 2019. This work was produced by Ward Thompson et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park,
Southampton SO16 7NS, UK.



10

STUDY DESIGN AND METHODS

The three matched pairs of sites were located in Glasgow City, Renfrewshire (two sites), North Lanarkshire,
Midlothian and Fife. Tables 2a and 2b show the community characteristics of the sites chosen and Table 3
shows the characteristics of the eligible woodlands in each of these sites.

The Woods In and Around Towns interventions: environmental and social
interventions

A record was kept of the interventions, which were planned and implemented in two phases. The aim was
that FCS would follow typical procedures for WIAT programme interventions, although the study design
placed additional constraints of timing on both phases of implementation.

Phase 1: environmental interventions

Phase 1 involved physical changes to the woodland environment, designed to facilitate better access to,
and use of, the woods. The interventions took place simultaneously across the three intervention sites
over a period of 6 months, between October 2013 and March 2014. As with all WIAT schemes, the
interventions were responsive to local conditions and community needs and, therefore, followed WIAT
principles but varied in the detail of their design and implementation. The WIAT interventions followed
principles defined by FCS in its grant-aid schemes of that time (2010).33 The FCS guide to developing
interventions to enhance the woodland user experience® also informed the interventions to help ensure
that a consistent approach was taken.

Researchers documented the physical state of the sites before and after the first intervention phase of the
WIAT programme, undertaking regular checks of the environment in the field. In addition, FCS kept a
systematic record of the plans, progress and completion of the works and noted feedback from the
rangers involved in the projects as they progressed.

TABLE 3 Characteristics of study site woodlands

Intervention A Total area: 8.5 ha (approximately). The intervention woodland is 5.9 ha, owned by Glasgow City Council;
remaining area is in private ownership. Located on a hill — elevation begins at 25 m and rises to 42 m.
Located between two deprived neighbourhoods. There are a few other nearby areas of green space, all
separated from the site by main roads, including parks and woods

Control A Total area: 4 ha (approximately). Mostly in private ownership. The control woodland is located between a
deprived neighbourhood and a main road. Mostly flat, with some elevation on the south and west side,
away from the road. A river runs through the woodland. There are a couple of other nearby areas of
green space (a park and woods) separated by main roads

Intervention B Total area: 24 ha (approximately). Forms part of a larger woodland that includes a further 11 ha of
mature woodland (not part of the intervention site). Owned by Renfrewshire Council. Relatively level
terrain (elevation 12 m). Located on the fringe of a deprived community separated from the housing by a
sports centre and playing fields. There is only one other green space, at some distance to the south of
the neighbourhood, beyond a main road

Control B Total area: 16 ha. Mostly in private ownership. Varied landform including a steeply incised stream and
gentle sloping areas. Located on the fringe of a deprived community beyond a local residential road.
There is one additional nearby green space, a small park, plus a large golf course with woodland at some
distance and beyond a main road

Intervention C  Total area: 5.8 ha. Owned by Midlothian Council. Sloping topography. Located next to a deprived
community with housing on three sides. Additional nearby areas of green space include an open green
space with some small woodland areas, separated from the site by a minor local road, and fields and
small woodland strips further away

Control C Total area: 11 ha (approximately). Owned by the Woodland Trust but leased to the GreenBelt Group
(which manages green spaces). Mixed terrain including relatively flat areas and a very steep slope.
Located between two deprived neighbourhoods. Additional nearby areas of green space include a
woodland and further green space beyond main roads

NIHR Journals Library www. journalslibrary.nihr.ac.uk



DOI: 10.3310/phr07020 PUBLIC HEALTH RESEARCH 2019 VOL. 7 NO. 2

The physical changes to each intervention site were:

® Intervention site A — upgrading main entrance with stone setts (paving blocks) and bollards (wooden posts
to exclude vehicular traffic), surfacing a loop path (i.e. a path taking a more or less circular route to return
to its starting point) (approximately 650 m), treeworks (trimming and clearing overgrown vegetation and
tree branches), fence repair, installing two picnic benches, installing two benches and litter picking.

® Intervention site B — upgrading three entrances, surfacing a loop path (approximately 1900 m), treeworks
(thinning trees and trimming and clearing overgrown vegetation and tree branches), installing two picnic
benches; installing six benches, new signage, restoring pond and creating dipping platform and litter picking.

® Intervention site C — upgrading one existing entrance, creating one new entrance with stone setts, surfacing
a loop path (approximately 990 m), non-surfaced path improvements, treeworks (felling and thinning trees
and clearing overgrown vegetation and tree branches), installing one bench and litter picking.

Forestry Commission Scotland produced plans of the interventions and the researchers photographed the
physical state of the sites before and after this phase of the WIAT programme. Figures 4-6 show images of
typical physical changes to each intervention site in this phase of intervention, all taken in winter months
for ease of comparison. See Appendix 1 for plans of the environmental interventions.

Phase 2: social interventions

Phase 2 involved social interventions via facilitated community engagement activities to advertise and promote
woodland use. The social intervention started in June 2014 (4 months after the physical intervention was
completed) and took place in the three intervention sites over a total period of 9 months, until March 2015.
They were planned around typical interventions used in the WIAT programme and, as with the physical
interventions, were responsive to local woodland and community characteristics and aimed to target a variety
of different segments, including different age groups, within the community. Typically, they involved one or
two forest rangers and up to 1 day of preparation.

Community members were invited to these activities by FCS using a variety of means to engage different
groups via both targeted events [e.g. photography workshops, a continuing professional development
(CPD) event for nursery teachers and assistants] and more general events aimed at the whole community.
Public events were freely open to all and widely advertised, for example through posters on site, in local
shops, libraries, health centres, schools, community council Facebook (Facebook, Inc., Menlo Park, CA,
USA; www.facebook.com) pages and letter drops to people’s homes.

FIGURE 4 Intervention site A before (above) and after (below) environmental interventions. Reproduced with
permission from OPENspace.
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STUDY DESIGN AND METHODS

FIGURE 5 Intervention site B before (above) and after (below) environmental interventions. Reproduced with
permission from OPENspace.

FIGURE 6 Intervention site C before (above) and after (below) environmental interventions. Reproduced with
permission from OPENspace and FCS.

The FCS rangers completed a form devised by the researchers for each activity undertaken to ensure that a
systematic record was kept of the social intervention delivery and the participants engaged. This included a
record of:

® the number of people involved
® the estimated age group of participants
® the participants’ genders.

Table 4 summarises the 62 social interventions undertaken and the numbers of participants. For some

public events the attendance was so high that only an estimate of numbers was possible. It should also
be noted that those participating in some events might be the same people attending repeated sessions,
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TABLE 4 Social interventions and numbers of participants

Public event (11) 168 272 80
Photography workshop (7) 8 10 6
Health walk (9) 14 43 n/a
Summer club (during school holidays) (8) 77 51 n/a
School/nursery school session (11) 108 46 n/a
Green gym® (11) 10 12 n/a
Community clean-up/litter picking (2) n/a n/a 20
Dog owners’ event (2) n/a n/a 5
Nursery teachers’ CPD session (1) n/a n/a 9
Total number of attendees 385 434 120

n/a, not applicable.
a Run by partner TCV (The Conservation Volunteers, Doncaster, UK).

so the numbers reported are not necessarily unique individuals but the sum of those attending any one
event. Most activities attracted a reasonable balance of male and female participants, although school
and nursery teachers and assistants were predominantly female and health walk participants were
predominantly male.

Public events and those with school or nursery children included activities to introduce children and adults
to the natural environment (e.g. ‘The Secret Woodland’, ‘Magic in Your Woodlands', ‘Winter Woodland
Wonders’, ‘Meet the Critters’, family fun day, a ‘Scavenger Hunt’, bulb planting). Art works were also
created as part of the activities celebrated in public events (e.g. a wooden carving of a dragon at
intervention site A and a woven willow sculpture of a deer at intervention site B).

Recording progress and monitoring of the Forestry Commission Scotland interventions
Forestry Commission Scotland recorded its plans and progress, including budgets and resource allocation
for the study interventions, as part of normal WIAT procedures. Feedback included numbers of attendees
and community engagement events, as described above, and comments from participants. For example,

a participant at an intervention site B public event in September 2014 called ‘Magic in Your Woodlands’

noted "Just wanted to say what a wonderful day the boys had. We stayed for over 4 hours'.

In addition, regular progress meetings took place between the researchers and FCS staff managing the
interventions to discuss plans for the interventions, progress, any problems or delays, any additional
engagement with the local community and current or potential site users and any feedback on the process
of intervention implementation. The meetings also ensured that detailed records of the interventions for
research purposes were maintained. In total, 12 meetings were held between May 2012 and November
2015, with meetings most frequent during the process of physical and social interventions. At the end of
the interventions, a reflective workshop was held in May 2016 by an external researcher from Forest
Research with the FCS project management staff to explore the FCS experience of undertaking the
interventions and identify good practice and lessons learnt.&

The records of progress meetings with FCS show that the interventions were planned in accordance with
standard WIAT procedures and both physical interventions (see Appendix 1) and social interventions were
discussed and agreed by FCS staff and notified to the researchers in advance of implementation. It was,
in particular, agreed that, so far as possible, the interventions would be typical of the WIAT programme,
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drawing on a relatively modest budget rather than being singled out for additional levels of funding or
other resources (minutes of progress meeting on 11 June 2013).

The implementation of the physical interventions involved both Forest Enterprise staff and contractors to
undertake the construction work, as is typical of WIAT projects. The progress meetings record that the
phase 1 physical interventions were carried out as planned, without any significant divergence from the
agreed programme of activities (minutes of meetings on 24 January 2014). Minor adaptations to physical
interventions were responsive to local conditions and community responses; this is typical of the WIAT
programme and would be expected of any such project.

The implementation of the social interventions was so compressed in timing that it was not possible for
FCS staff to undertake all the activities, as would normally be the case. An experienced external ranger
was therefore contracted by FCS to undertake the social interventions at intervention sites A and B
(minutes of meetings on 20 May and 24 July 2014). This proved successful and received positive feedback
from the project manager. However, it did mean that the interventions at site C were less numerous and
not delivered by the same people as those in sites A and B (minutes of meetings on 29 January 2015).

The desirability of deterring vandalism and maintaining the quality of the site experience is always an issue
in WIAT projects. During the two phases of interventions, between 2013 and early 2015, FCS ensured that
any items suffering major vandalism were repaired or replaced and the sites were kept at reasonable levels
of maintenance. However, once the intervention phases were completed, no further maintenance was
carried out by FCS.

In summary, the interventions were not adapted in major ways, other than in the hiring of an external
contractor as a ranger to undertake the social interventions at two of the sites. There was a close fit
between what was planned and what was delivered under the interventions.

As part of the site selection process in 2011, contact (by e-mail or telephone) with the relevant local
authority planning departments was necessary to establish that there were no plans for change in the
woodland sites under consideration other than the WIAT interventions. We also enquired about any
changes planned for the survey communities or the wider neighbourhood context during the course of the
study that might influence the study results, but did not identify any factors that appeared likely to do so.

When preparing for community-led audits (see Environmental audits) and focus groups (see Community
focus groups and interviews), we again contacted the local authority planning departments and
community planning officers to assist in making contact with local community members and facilitators.
We also enquired whether or not any important changes had been experienced in any of the communities,
such as new building developments or urban renewal projects. In the case of intervention site B, wider
community developments were identified that had taken place during the course of the study and may
have had an influence on outcomes. The evidence for these comes from personal communications with
local authority planners and from local newspaper reports (The Herald, Paisley Daily Express, The Sun)
between 2012 and 2014.

In 2012, plans for major redevelopment of the town centre in which intervention site B is located, were
approved. Proposals included a new supermarket, town hall, community centre and car park. In March
2013, a new multimillion-pound leisure centre opened next to the intervention site B woodland. In 2014
there was a housing redevelopment programme that required many people to move house within the
intervention site B community during the study period, as well as people moving into and out of the

area. The extensive town centre redevelopment programme also started in 2014. In May—June 2015

(and coinciding with the 2015 wave 3 core survey; see Core survey of community residents), access

paths from nearby car parks to the edge of the intervention site B woodlands were upgraded by the local
council. There were concerns about the possible impact of this work on the intervention and its operation,
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although these paths were outside the intervention woodland under study. As the path upgrade by the
council took place only as the final wave survey was being undertaken, it is unlikely to have affected
community use of the woodlands in the previous year but may have disrupted or enhanced use during the
few weeks prior to some respondents completing the survey.

Core survey of community residents

The health and other impacts of the physical and social interventions were explored primarily through a
survey of community residents. The survey was administered in three repeat cross-sectional waves: at
baseline and after each phase 1 and phase 2 intervention in the intervention and control areas. Although
originally planned as a simple, repeat cross-sectional design, the survey as completed contained a nested
longitudinal cohort, as explained in more detail in Sampling strategy and Recruitment.

Questionnaire design

Primary outcome measure

The primary outcome was a measure of perceived stress, assessed using the Perceived Stress Scale (PSS).

The PSS is a validated measure of the degree to which situations in one's life are appraised as stressful by
considering coping resources and feelings of control.6" Previous studies of links between natural environments
and stress have used the PSS and evidence indicates that it is sensitive to change over time in relation to
therapeutic interventions.52

Secondary outcome measures
The main secondary outcome measures used were:

e Self-reported health-related quality of life (HRQoL), measured using EuroQol-5 Dimensions (EQ-5D),&3 and
mental well-being, measured using the Short Warwick—Edinburgh Mental Well-being Scale (SWEMWABS).54

o Self-reported PA levels, measured using the International Physical Activity Questionnaire — Short Form
(IPAQ-SF), which is able to capture different levels of activity and sedentary behaviour.6>

e Self-reported visits to the specified (i.e. intervention or control) local woodland site, including frequency
of visits in summer (April-September) and winter (October—March), time spent there, activities
undertaken there, whether alone or with a companion or dog, and mode of access (e.g. walking,
cycling, car).66.67

o Self-reported visits to other local (defined as within 10-15 minutes’ walk from home) green spaces,
including frequency of visits in summer and in winter, activities undertaken there, whether alone or
with a companion or dog and mode of access.5®

® Perceptions and experiences of the local woodlands, including how easy it is get to the woodlands
from home (ease/difficulty and estimated time to get there), perceptions of the woodlands’ qualities
(Likert scale items on freedom from litter, quality of entrances, paths, facilities), experience when there
(Likert scale items on safety, peacefulness, a place for healthy activities, for visiting with family and
friends, enjoying wildlife, natural appearance), whether or not there are direct views of the woodland
from home and awareness of views of the woodland when walking around in the neighbourhood
and frequency of involvement in community woodland activities (e.g. led walks, community events,
educational activities, conservation or woodland management work).66.68-71

® Emotional connection to the natural world (connectedness with nature), measured using the Inclusion
of Nature in Self (INS) scale.”2

® Perceived restorativeness of the woodland environment, using four items from the Perceived
Restorativeness Scale measuring two core components of psychological restoration (‘being away’
and ‘fascination’).62
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Perceptions of the local neighbourhood and social capital and cohesion measured using standard
guestions from the English Citizenship Survey.”

A range of sociodemographic variables were also collected: gender, age group, ethnicity,
socioeconomic status, country of birth, working status, educational level, disability, annual income,
financial strain, children in the household, type of accommodation, accommodation satisfaction,
whether or not they had a garden, whether or not they owned a dog, whether or not they had access
to a motor vehicle, length of time in neighbourhood, home address and postcode.

In the wave 3 survey only, the questionnaire also included gquestions on awareness of the interventions:

awareness of any change in the local woodlands and, if so, ratings of the changes (five-item scale from
‘very negative’ to ‘very positive’) and whether changes were seen in person or heard/read about
participation in any organised activity in the woodlands in past year and, if so, with whom and when.

The full questionnaire from wave 3 can be seen in Report Supplementary Material 1.

We were interested in community-level change resulting from the same programme of interventions in
three different sites with three matched control sites, so our analysis involved comparison of the population
sample from the communities that received the intervention with those that did not. We initially selected a
repeat cross-sectional survey design rather than a cohort design for pragmatic reasons: a pilot study with
two communities that met the WIAT site criteria undertaken in 2006-934 indicated that achieving a
longitudinal cohort in these settings was unlikely to be successful owing to the unwillingness of participants
to be recontacted and high levels of attrition over time. Recruitment and retention of a cohort of several
hundred participants in each community over a multiyear study in this context appeared unfeasible.
However, following the first survey wave, at baseline, the researchers revisited the decision to reject a
cohort design. Considering again the potential value gained by the inclusion of a longitudinal cohort, it
was decided to attempt to establish such a cohort. A longitudinal cohort of participants was therefore
targeted, nested within the cross-sectional surveys.

In determining the sample size, the literature suggested that there were likely to be gender differences in the
observed effects.26 To answer the primary research question, our sample size needed to be large enough to
(1) detect an effect of the WIAT programme in the intervention group compared with the control group at
each post-intervention wave, and (2) allow us to detect a gender difference in that effect. Based on data
from Stigsdotter et al.,?’ to detect a male/female difference in means of 1.2 in each group (intervention and
control), with a common standard deviation (SD) of 6.2 based on a two-sided, two-sample test with a 5%
level of significance and 80% power, would require a minimum of 420 males and 420 females in each arm
of the study. Therefore, a total sample size of 1680, comprising 840 intervention group and 840 control
group participants, was required, with an equal split of male and female participants in each group. We did
not power the study for further subgroup analysis (the added cost to power for different age groups was not
considered justifiable). However, we did consider other demographic and personal variables in analysis of the
data, the sequential nature of the intervention and confounders, such as life events (see Chapter 3). We could
not completely rule out a clustering effect and did not have data available to enable us to precisely calculate
the design effect caused by clustering. To take account of this we allowed for a 25% increase in our sample
size beyond that based on the above power calculations. Thus, we sought a total sample size at each survey
wave of 2100 (1050 per intervention or control group).

The survey was administered in three repeat cross-sectional waves at the same time of year in each case:
wave 1 (baseline pre-interventions, late April to June 2013), wave 2 (follow-up, minimum of 2 months post
physical environment interventions at each site, May to June 2014) and wave 3 (follow-up, minimum of

2 months post woodland promotion interventions at each site, late April to July 2015).
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Recruitment

Face-to-face surveys are a robust method of data collection that maximise the level of response. Other
methods, such as telephone and postal surveys that rely on self-completion, have shown declining
response rates in recent years, especially in disadvantaged areas.” Our questionnaire was designed to
be administered in a 25-minute, face-to-face, computer-assisted personal interview (CAPI) completed in
the respondent’s own home. The questionnaire was piloted in July 2012 to assess its time burden and
participant comprehension of its questions and procedure.

A survey company with experience of recruitment in communities similar to those of the study collected
the data. Fieldworkers employed by the survey company were given full training on administering the
guestionnaire. Surveys were completed in the participant’s own home with fieldworkers moving from door
to door, recruiting participants and conducting the survey. A quadruple call-back approach was adopted
with fieldworkers making a minimum of four attempts to contact an address before moving on to the next
randomly assigned address.

Inclusion and exclusion criteria

Individuals aged > 16 years living within the intervention and control communities and within 1.5 km of

a woodland site were eligible for the study. Individuals were not eligible to participate if they primarily
resided outside the study sites. Individuals recruited to the linked community-led audit and community
focus group branches of the study (see Environmental audits and Community focus groups and interviews)
were excluded from subsequent waves of survey data collection to avoid contamination of response by
their experience of in-depth involvement in the research.

Participants were selected from a postcode address file [Address Point — the then definitive Ordnance
Survey product that provided a precise grid reference for each address listed in the Postcode Address File
(Royal Mail data set)]. Selection used a stratified random sampling approach, stratified in accordance with
distance from the WIAT intervention woodlands. This address file lists all deliverable addresses in the UK
and can distinguish business and domestic addresses; we focused on domestic addresses only. Each unit
postcode has a grid reference and this was used to stratify the sample by distance from the local woodland.
We considered stratification by distance necessary because previous research suggests that the use of
woodlands for populations living nearby may decline with distance,? but there is also evidence that the
quality of the natural environment may moderate the effect of distance,3' so distance was necessary to
consider because the WIAT intervention is aimed at improving woodland quality. We stratified the sample in
accordance with five distance points from the six WIAT-eligible woodlands. These distance points were in
the range of 150 m, 300 m, 500 m, 750 m and 1500 m. Letters were then sent to the selected households
informing them of the research project and that participants were being sought within the communities. The
letters also contained the contact details of the research team members and their office, offering participants
the opportunity to receive further information about the project or to opt out (see Report Supplementary
Materials 2—-4). Addresses of those residents who decided to opt out were then removed from the sample. A
door-to-door approach and a quadruple call-back system were used to recruit participants. Recruitment was
by face-to-face request to the first adult that responded to the door-to-door approach adopted.

Obtaining a longitudinal cohort

To maintain contact with the respondents from previous surveys, a thank-you letter was sent to all the
addresses where wave 1 interviews took place. Unless respondents chose to opt out after receiving this
letter (the letter described how to do so), the same addresses were visited in subsequent survey waves.
Interviewers were instructed to confirm whether or not the person who answered the door was the
same person (name, gender, age, address) who was previously recorded in wave 1. When the original
respondent could not be found or recruited, recruitment of the new respondent in the household was
attempted, if eligibility criteria were satisfied. If new recruits agreed to take part in the survey, a new
respondent identifier code was generated. New recruits from the same household were asked to establish
the relationship to the person previously interviewed (spouse/partner, child, parent, sibling, other family
member or other as specified).
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The size of the cohort was determined by the extent to which we were able to obtain repeat responses
by this method. The cohort consisted of respondents who had participated in at least two waves of

the survey. Once data were collated, checks were undertaken for age, gender and other individual
characteristics to confirm that the respondents were correctly matched at each wave. The inclusion of
this cohort in the initial cross-section design required changes to the initial analysis plan (see Chapter 5).

To ensure that the correct sampling and interview protocols were followed, researchers attended the
company’s field workers' training sessions and took part in some of the visits to interview participants.
This also gave insights into the challenges of recruitment in these very deprived urban areas, where,
for example, there was a relatively high rate of refusal to answer the door (despite letters being sent in
advance to targeted households).

Based on the random sample of addresses taken up by the survey company from the supplied postcode
files, the overall response level achieved for the three surveys was 53%, lower than originally targeted.
We also calculated the level of co-operation, that is, the proportion of successful interviews achieved once
personal contact with a household had been made. The definition of ‘personal contact’ for this calculation
includes effective interviews, doorstep refusals, people who wrote to opt out of the survey after receiving
the introductory letter (these were comparatively few: 181 in total in wave 1) and those unable to take
part owing to language issues or incapacity. The level of co-operation excludes incorrect or unusable
sample addresses (empty properties, business premises, etc.), households from which there was no reply
on the doorstep (despite quadruple call-back) and households (in waves 2 and 3) at which the named
respondent was not available. The overall level of co-operation was 70%.

The response levels by wave and type of site (intervention/control) are shown in Table 5.

Assembling a longitudinal cohort represented a considerable achievement for the study given the challenges
in participant recruitment. The availability of repeated measures from the same individuals provided more
statistical power for the study and gave greater confidence in interpreting cause-and-effect relationships.

The sample respondents (n = 6317) were classified in accordance with the wave(s) of the study they
participated in. This resulted in five different types of respondents across the six sites:

1. respondents who completed waves 1 and 2 (not wave 3) — 217 participants

2. respondents who completed wave 1 (not wave 2) and wave 3 — 235 participants

3. respondents who did not complete wave 1 but completed waves 2 and 3 — 420 participants

4. respondents who completed waves 1, 2 and 3 (the complete cohort) — 277 participants

5. respondents who completed only one wave, whether wave 1, 2 or 3 (cross-sectional data) —
5168 participants.

Survey response and co-operation levels by wave (n=6317)

1 1061 52 76 956 48 70 2117 50 73
2° 1054 50 70 1044 54 78 2098 52 74
3° 1050 57 61 1052 61 67 2102 59 64
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Data cleaning

The data collected via the core survey were cleaned using range, consistency and logic checks to confirm
their quality. These checks involved identifying the correct codification of the responses, examining missing
values or abnormal patterns in the data, assessing the average interview length or the performance of the
interviewers, etc.

As part of this quality control, abnormal patterns in the data were noted, principally in relation to the score
of the primary outcome (PSS). It was detected that an unexpectedly large number of participants appeared
to have a PSS score of 0 (indicating no stress at all) at waves 2 and 3. Furthermore (but in wave 2 of

the survey only), an unexpectedly high number of participants reported a PSS score of 21. Checks on
interviewer identities and process revealed that five interviewers were associated with these suspect cases
throughout the follow-up household surveys. A total of 857 cases with apparently unreliable PSS scores
were linked to these interviewers, of which 426 corresponded to wave 2 and 431 to wave 3.

Although no other suspicious response patterns were observed in the data sets created by these interviewers,
the possibility of data fabrication could not be discounted. It was decided that, to ensure the reliability of

the analysis, all data collected by the interviewers whose results for PSS were questionable needed to be
excluded. The 857 problematic cases were deleted from the final sample, reducing the original data set from
6317 to 5460. The number of losses from wave 2 and the number of losses from wave 3 (the two follow-up
surveys) were about equal. The analyses presented in this report use this reduced sample.

Approach to analysis

Two general approaches to quantitative analysis informed the detailed statistical analysis undertaken. First,
an overall effect was estimated. This was essentially an intention-to-treat (ITT) approach. It tested whether
or not living in an intervention site alone was sufficient to produce primary and secondary outcomes of
interest, regardless of an individual’s exposure to the intervention (captured by their engagement with
woodlands, green space and natural environments).

The ITT approach considered the magnitude of the interactions between living in an intervention site (or
not) and the wave of the survey. This therefore captured the differential impact between the intervention
and control groups, in relation to the effect of the WIAT programme. The models assessed the effect of
the WIAT programme by comparing the differential impact after physical (phase 1) interventions (wave 2)
and after both physical and social (phase 2) interventions (wave 3) with respect to the baseline (wave 1).
For this, although each difference estimate (captured by the interaction terms) was statistically determined
by its own p-values in the models, the differences between the two post-intervention phases were
established on the basis of the p-values of a conventional Wald test.

Second, we augmented this analysis by providing a closer inspection of the intervention effect on our
primary outcome (perceived stress). This was possible by examining the differential impact of the WIAT
programme as a function of three main factors: (1) levels of engagement with the woods (physical and
visual), (2) gender and (3) distance to the woods. This augmented approach was used to model our
primary outcome and required a rather different analytical strategy to estimate the intervention effect.
A three-way interaction term was added in the models, denoted by the binary variables of type of site
(i.e. intervention or control) and wave of the survey plus the corresponding indicators on levels of
engagement with the local woods, gender or distance to the woods. The ‘'main effect’ within each level
of these three indicators was then given by calculating a joint test of interaction terms.

The two sets of analyses involved a series of multilevel regression models. The use of a multilevel
framework was required because our full sample, created by three repeated surveys sampling individuals
within spatially defined communities, also included a proportion of individuals who participated at more
than one wave. Therefore, the models needed to allow for repeated observations nested within individuals
as well as spatial clustering. Our multilevel approach accounted for the fact that observations made on the
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same individual at two different waves were likely to be correlated. For this reason, we used individuals —
the lowest level in the data — as the clustering variable in all the statistical specifications.

Given the continuous and binary forms of our different outcome measures (see Chapter 3 for details of
how these were derived), the analysis involved a combination of linear and logistic regressions. All the
models were adjusted for a substantial set of individual-level characteristics considered to be potential
confounders for any intervention effect. The selection was made a priori and was based on existing
literature describing relationships between sociodemographic variables and both access to and use of
natural environments.

As 4410 out of 5460 observations had complete information (81%), imputation techniques were
considered to handle missing data. Imputation was used only for data from a particular survey wave that
were missing for an individual who had participated in that wave of the survey. In other words, no
participant’s data were imputed other than for variables in the survey wave in which they had participated.

Specifically, we followed Rubin’s rules to perform multiple imputations via chained equations. This imputation
technigue was used owing to its greater flexibility to account for uncertainty in the missing data mechanism;
we assumed that the data were ‘missing at random’, meaning that the ‘missingness’ could be determined by
known variables. The use of chained equations also had the advantage of being able to include different
types of variables in the process (e.g. continuous, categorical, nominal). Appendix 2 provides further
information on the approach taken.

All analyses were conducted using the cross-sectional data set (termed panel A) and repeated with the
longitudinal cohort (termed panel B). Although the former enabled us to use all individuals regardless of
the number of waves in which they participated, the longitudinal cohort (panel B) allowed us to track the
same participants across time. Although the cohort was not necessarily a representative subsample, it
provided a form of sensitivity analysis to corroborate (or otherwise) findings from the cross-sectional data.
All analyses were conducted using Stata® version 14 (StataCorp LP, College Station, TX, USA).

Chapter 3 describes the derivation of variables for considering primary and secondary outcomes in the
study and details the analytical methods used.

Changes in the nature and quality of the woodland sites were monitored using a site-based environmental
audit tool developed by members of the research team for this purpose.6687> The tool enables change over
time at a site to be captured in a systematic manner. The audit tool consists of 25 items aggregated into
seven domains: neighbourhood quality, access/signage, woodland/green space quality, facilities, use,
maintenance/management and security/safety. Each domain contains between two and six items; for
example, the domain ‘neighbourhood quality’ comprises the items infrastructure, appearance, litter and
maintenance. For a given woodland, the tool requires auditors to score each item on a 5-point scale
ranging from 1 (‘poor’, the lowest score) to 5 (‘excellent’, the highest or ‘best’ score). Auditors score the
woodland in accordance with their ‘on the day’ experiences rather than previous experiences. In addition to
giving scores, the tool allows participants to add textual comments about the woodland, its characteristics
and quality.

The tool has been designed and tested for use by both experts (usually landscape architects) and residents of
deprived urban communities. Members of the study team, trained in the use of the tool, audited all six sites
using the tool; this constituted the ‘expert environmental audits’ record for the study. Two members of the
study team were involved in each audit of any site, in which use of the tool achieved high levels of inter-rater
reliability. Expert auditors were male and female and came from diverse ethnic and cultural backgrounds.
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The tool’s appropriateness for community use was established in the project pilot study34 and it has been
tested for sensitivity and reliability in a study of green space in deprived urban areas of England.é6.68
Recruitment of community members undertaking audits is described in detail below; they were male and
female and, reflecting the demographic profile of the study communities (see Table 2), were all of white
British ethnicity. A copy of the audit tool can be seen Appendix 3.

The woodlands for each study site were audited twice in each year of the study (2013-15) capturing

pre- and post-intervention conditions in both the intervention and control sites. Audits by the study team
and by community members were completed in both winter (February to March) and summer (June to July)
each year to capture the effects of seasonality. Audits took place on a weekday, either mid-morning or early
afternoon. Before the community audits took place, members of the study team walked the sites conducting
a risk assessment, familiarising themselves with the woodland and noting any potential hazards. Community
participants were taken for a walk in each woodland, accompanied by the two experts, and each individual
in both groups completed the audit at the site.

Participants for the community-led audits were recruited initially through the baseline survey, in which
respondents could indicate their willingness to be recontacted to participate in group walks or focus
groups to help with the research. This produced comparatively few positive responses and so additional
individuals were recruited through contact with local community groups and facilitators and through
local advertising. Participants who took part in the first audit were invited to take part in all subsequent
environmental audits. We sought a balanced sample in terms of gender but diversity with regard to age
and life stage.

As with the community core survey, individuals aged > 16 years living within the intervention or control
communities within 1.5 km of the study woodland site were eligible to take part in the community-led
audit sections of the study.

We aimed to recruit 10 diverse members of the community to each community-led environmental audit.

In practice, we found that attendance varied greatly between sites and over time. It proved very difficult to
recruit individuals to the audits programmed for control site A. Despite the best efforts of the study team,
no members of the community could be recruited to the winter 2013 community-led environmental audit
at this site, and only one community member could be recruited to the summer 2015 audit. Table 6 shows
the participant numbers for each site at each audit point.

Community-led environmental audit participant numbers

Intervention A 9 10 10 14 13 13 69
Intervention B 3 8 4 7 9 4 35
Intervention C 7 8 7 7 10 15 54
Control A 0 4 3 4 2 1 14
Control B 1 8 6 4 2 3 34
Control C 9 9 5 8 10 9 50
Total 39 47 35 44 46 45 256

© Queen’s Printer and Controller of HMSO 2019. This work was produced by Ward Thompson et al. under the terms of a commissioning contract issued by the Secretary of State for
Health and Social Care. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional
journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science Park,
Southampton SO16 7NS, UK.



22

STUDY DESIGN AND METHODS

Approach to analysis

The audit data collected from both expert and community-led audits consisted of Likert scale scores from

1 1o 5 for each of the 25 items considered and any additional textual comments. For each audit completed
at each site, an average was calculated for each of the seven domains into which these items fall (maximum
score of 5). A final score, summed over these seven domains (maximum score of 35), represents the overall
perceived quality of the woodland and its immediate surroundings. The means and SDs of total scores were
calculated across all community group participants and, separately, across the two expert auditors for each
site at each time point. Appendix 3 contains the detailed results of these audits.

The resulting audit scores were used to compare intervention and control sites at each audit time point
and to compare any changes over time in perceptions of the woodlands at each site. This allowed an
assessment of whether or not the interventions had resulted in perceptions of improved quality of the
woodlands over time compared with control sites (which had no interventions). The community audit
scores were also compared with the expert scores. The use of both winter and summer audits were
important because each woodland site varied in appearance quite markedly between these seasons. For
example, features as varied as distant views or local litter, which might be covered by abundant summer
vegetation, could be more clearly seen in winter audits. Evidence of types of use were also different
between summer and winter.

To better understand the perceptions leading to community audit scores, any textual comments were also
reviewed under each of the seven domains of the tool. Finally, these were compared with the themes that
arose from the community focus groups (see Community focus groups and interviews) to reveal any
common themes or disparities in community perceptions.

Community focus groups and interviews

Focus groups with local residents in the three intervention communities were used to gain additional
insight into the perceptions, experience and impacts of the physical and social interventions. Qualitative
methods, such as focus groups, provide insight into lived experiences and personal narratives and afford
opportunities for participants to provide answers in their own words; they are not tied to a fixed set of
responses within a survey. Focus groups thus provided an opportunity to investigate the lived experience of
the effects of the interventions from the perspective of members of the public resident in the community.
They also offered the opportunity to illuminate any findings from the core survey that might otherwise be
difficult to understand or explain.

A topic guide steered the focus groups (see Report Supplementary Material 5). Topics included familiarity
with the woodlands, use and perceptions of the woodlands pre and post intervention, awareness and
perceptions of the interventions, engagement with any aspect of the interventions (especially the social
interventions), impacts of the interventions (including any behaviour and/or attitude change), access to the
woodlands and reasons for not visiting the woodlands. Two sets of focus groups were initially planned to
take place in the three intervention communities in the final 15 months of the project, 6 and 12 months
after the social interventions were completed. However, because of extensions to the project timetable in
relation to the period of data analysis, the focus groups were delayed. This was in order to take into
account emerging findings from the core survey about which the focus groups might provide additional
explanatory insights. They were undertaken 8 and 23 months after completion of the phase 2 interventions,
in November 2015 and February 2017. The focus groups were audio-recorded, with participants’ consent,
and transcribed. Each focus group was approximately 1 hour long.
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Recruitment of community members to focus groups

As with the community-led audit participants, focus group participants were initially recruited through the
baseline survey, which allowed individuals to indicate if they wished to take part in focus groups or group
walks. Additional participants were recruited to these sections of the study through contact with local
community groups and facilitators and through local advertising (see Report Supplementary Material 6).
We sought a balanced sample in terms of gender but diversity regarding age and life stage (Table 7).

When we were recruiting participants to the focus groups, a small number of individuals (n = 4) expressed
a wish to take part in the study but were unable or unwilling to take part in any of the planned focus
groups. Consequently, to facilitate their involvement, these individuals were invited to take part in a
one-to-one telephone interview with a member of the study team. The topic guide, as employed within
the focus groups, guided the interviews. The interviews were audio-recorded, with participants’ consent,
and transcribed. Each interview took approximately 30 minutes.

Inclusion and exclusion criteria

As with the community core survey, individuals aged > 16 years living within the intervention communities
within 1.5 km of the study woodland site were eligible to take part in the community focus groups for the
study.

Sample

We aimed to recruit six members of the community to each focus group, giving a sample of 18 participants
across each set of focus groups. Ultimately, 11 individuals took part in the first set of three focus groups
(one per site), with a further individual engaged through a telephone interview. The second set of three
focus groups (one per site) featured 19 participants with a further three individuals participating in
telephone interviews (see Table 7).

Approach to analysis

A hybrid approach was used to analyse the focus groups and interview transcripts. This sought to identify
themes that emerged from the participants in addition to those imposed by the structure of the topic
guide shown in Report Supplementary Material 5. Thus, we structured coding of the transcripts using both
predetermined and an inductive thematic analysis.”® Multiple siftings of the data were used to clarify and
refine the themes. All transcripts were double coded and any variations in coding agreed and reconciled
prior to producing the final thematic framework (see Figure 20).

Analysis paid particular attention to discordant voices or differing opinions and indications of unanticipated

outcomes from the interventions. Interpretation of the themes was also informed by the outcomes of the
community audits (see Environmental audits) to triangulate findings when possible.

TABLE 7 Focus group and interview participants sample

Gender
Male 0 2 1 (1) 4 2 3(+1)¢ 3(+2)¢ 11
Female 4 1 4 9 2 4 5 11
Total 4 3 5+ 1)y 13 4 7(+1)7 8 (+2) 22

a Numbers of individual interviewees shown in brackets.
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Economic evaluation

Costs of interventions

In addition to health outcomes data collected via the core community survey, the economic evaluation
drew on resource data collected directly from FCS. This analysis costed the time commitment of members
of the FCS team involved in supporting the physical intervention, including the time spent administering
the contracting process and monitoring compliance with the successful contractor. It also included time
spent administering and delivering the programme of social interventions. An assessment of the costs of
the WIAT programme was developed by using a top-down approach.””.78 Units costs were determined by
the FCS internal and external costing model: internal unit costs in the form of pay rates per day for various
grades were applied to various activities related to the delivery of the interventions. To carry out the
physical intervention, the work was contracted to third parties and, therefore, the cost equated to the
contract value plus the additional monitoring/administration time of FCS using internal pay rates per day
for a given grade. Staff involved in the WIAT programme at FCS regularly completed a costing model in
Microsoft Excel® version 16 (Microsoft Corporation, Redmond, WA, USA) to estimate this time commitment
for the length of the study. The model recorded percentage time commitment in days on a monthly basis
for different grades of staff. This time commitment was costed at an agreed unit rate that covered staff
salaries and overheads and FCS support for both the physical and social interventions. The costs (see Table 27
for detailed costs relating to 2013/14) represent the fully costed input for the delivery of the interventions.

Assessment of health-related quality of life

The primary focus of the economic evaluation was the core survey response on the five-item EQ-5D scale
that captures a description of five dimensions of health state. This allows the derivation of utilities to
calculate quality-adjusted life-years (QALYs).

The EQ-5D data collection used both the old three-level version (EQ-5D-3L) and the new five-level version
(EQ-5D-5L) of the EQ-5D questionnaire. The EQ-5D-3L was used in wave 1 and the EQ-5D-5L was used in
waves 2 and 3. In both versions the health states are reported as an index on the questionnaire responses,
with 11111 for full health for both versions and 33333 and 55555 for worst health for the EQ-5D-3L and
EQ-5D-5L respectively. For the EQ-5D-3L, this index was used to derive utilities from the predetermined
values sets obtained from the UK general public.7? At the time of analysis, there were no utility value sets
for the EQ-5D-5L for the wider UK population, only for England.g Furthermore, the EQ-5D-5L is not
recommended for use by the National Institute for Health and Care Excellence (NICE) until the impact of
its adoption is fully explored, as it has been found that improvements in HRQoL are valued less with the
EQ-5D-5L than the EQ-5D-3L, with implications for economic evaluation.?’

When both the EQ-5D-3L and EQ-5D-5L have been used, NICE guidelines recommend the mapping
approach, also known as a crosswalk approach, to ensure consistency of HRQoL utilities.82 We used the
crosswalk approach to calculate HRQoL utilities from responses from the EQ-5D-5L index profiles in waves 2
and 3 that were consistent with the HRQoL utilities responses from the EQ-5D-3L index profiles in wave 1.
This approach is based on the distribution similarities of the two versions of the EQ-5D questionnaires.3
The EQ-5D-5L health states provide 3125 indices that are distributed on a scale of —=0.594 to 1 (index profile
55555 =-0.594 and 11111 = 1) and the EQ-5D-3L version provides 243 indices that are distributed on the
same scale of —=0.594 to 1 (index profile 33333 =-0.594 and 11111 = 1).7 These distribution similarities
provide comparability of the two versions of the EQ-5D. A Microsoft Excel tool known as the "EQ-5D-5L
Crosswalk Index Value Calculator’ developed by the EuroQol group was used to calculate the crosswalk
index values for the EQ-5D-5L dimension scores.

Cost-consequences analysis

Cost—consequences analysis (CCA) was used to present the total cost of the intervention and the primary
and secondary outcomes of the WIAT interventions in a balance sheet format.8* This approach presents
policy- or decision-makers with a comprehensively wide range of outcomes to judge the impact of the
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intervention, including both health effects and non-health effects. However, it stops short of a full evaluation
as it does not present the values placed on the outcomes that are affected by the intervention.

Cost-utility analysis

A cost-utility analysis (CUA) is the most common form of evaluative method used in health economic
evaluation. It compares the total costs of the intervention with estimated QALYs gained from the intervention
based on the estimated impact on HRQoL utilities of the sort provided by the EQ-5D descriptive system
responses. In an exploratory analysis, a CUA was conducted from the EQ-5D responses for the WIAT
intervention over the time scale of the study.

Sensitivity analysis

Uncertainty surrounding the costs and EQ-5D HRQolL utilities was quantified through a probabilistic
sensitivity analysis (PSA).858¢ This was undertaken using 5000 Monte Carlo simulations that repeatedly
created random data through bootstrapping. A gamma probability distribution was assigned to the cost
parameter, computed from the variation of individual costs in the costing model.87:¢8 The EQ-5D HRQoL
results from the adjusted ITT models were assigned a normal distribution with point estimates and
standard errors (SEs) taken directly from the regression results. The PSA allowed the estimation of

95% confidence intervals (Cls) from the bootstrapped replicates of data using the percentile approach
with a lower and upper percentile of 0.025 and 0.975 respectively.88

All the bootstrapping was performed in Microsoft Excel and implemented using a Microsoft Excel macro.
The results of all simulations were combined to give overall incremental cost-effectiveness ratio (ICER)
results. The bootstrapped pairs of incremental cost and incremental QALYs are presented using the
cost-effectiveness plane. The cost-effectiveness plane depicts the point in the quadrant where each
bootstrapped pair of the incremental cost and incremental QALY is positioned. The vertical and horizontal
axes represent incremental costs and incremental QALYs respectively.

Ethics

The study was granted ethics approval by the University of Edinburgh, Edinburgh College of Art Research,
Ethics and Knowledge Exchange Committee (reference number 19/06/2012).

An introductory letter with participant information was sent to all potential core survey households,
explaining that a surveyor would be calling and requesting an interview with a household member (see
Report Supplementary Materials 2-4). The letter gave contact details for the project co-ordinator and
allowed recipients the opportunity to ask questions and/or opt out of being contacted further. Only
households that made no opt-out request were subsequently contacted by interviewers, who again
introduced the project, and the purpose and treatment of any personal data obtained, before proceeding
with the interview. Informed consent was thus obtained orally for those responding to the core survey
guestionnaire; these participants were assured that all information would be treated as entirely confidential
and that it would not be possible to identify any individuals in any published use of the research (see the
scripted version of the questionnaire in Report Supplementary Material 1).

All participants in community-led environmental audits, focus groups or interviews were invited to give
informed consent to participate. Again, they were assured that all information would be treated as entirely
confidential and that it would not be possible to identify any individuals in any published use of the
research. Report Supplementary Materials 7—10 contain all the advisory letters and consent forms used for
data collection via the community audits and the focus groups and interviews.

All original data were held securely at the University of Edinburgh’s OPENspace Research Centre. Any
personal data, including respondents’ contact details (names, addresses, telephone numbers and e-mail
addresses), were held in password-protected electronic files in secure data storage, with only the principal
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investigator, the researcher managing the data and project manager (if different) having access. For the
purpose of data analysis, participants’ data were anonymised and encrypted to be able to share them
securely within the wider research team. Access was restricted to team members only. In accordance
with the University of Edinburgh’s protocols relating to data storage and data handling, data protection
agreements were signed between the different institutions involved in the project.

Public and stakeholder involvement

Members of the public and diverse stakeholders were actively involved in the research throughout the
course of the study and particularly in the environmental audits to assess the quality of the woodland
environment and in focus group work.

When first planning the study, members of the study team worked closely with FCS, being the
organisation responsible for delivering the intervention, to develop an appropriate research design. The
study team continued to work in partnership with FCS throughout the course of the research. FCS staff
were key in helping the study team to identify appropriate intervention and control sites; they provided
information on the planning and progress of the physical and social interventions, the time they spent
working on these interventions and levels of participation in the social interventions. Regular progress
meetings were held with members of FCS staff throughout the study, as described in The Woods In and
Around Towns interventions: environmental and social interventions.

A study steering committee (SSC), chaired by an independent adviser on environment and human health,
with representatives from forestry (ex Forestry Commission), public health and the Scottish Government’s
Rural and Environment Science and Analytical Services, plus two expert academic advisors (from Uppsala
University and Forest Research), guided the study on behalf of the National Institute for Health Research
(NIHR). SSC meetings were held throughout the course of the project to give advice to the study team and
consider, in particular, issues such as adherence to the study protocol, progress against milestones, the
implications of findings and effective dissemination.

Members of the public were actively engaged in the research through participation in the core community
survey, community-led environmental audits of all sites and community focus groups and interviews.
Through these different vehicles, members of the public were involved in the research in 2013, 2014,
2015 and 2017. Their involvement was critical to the research, providing the data on which our findings,
discussion and conclusions are based.
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Chapter 3 Results from the core survey

Characteristics of participants in the sample

Baseline characteristics of participants

Tables 8 and 9 draw on imputed data to give baseline descriptive characteristics of participants for the
cross-sectional data set (panel A) and cohort sample (panel B) respectively. Because all the covariates take a
categorical form, we report proportions, stratified by study arm. To inspect the extent of imbalance in the
covariates at baseline, a p-value for test of differences is also reported.

TABLE 8 Baseline characteristics of participants: panel A - cross-sectional sample (imputed data)

Site (%)

Intervention Control Total (%) p-value for test
Variable (n=1061) (n = 1056) (N=2117) of difference®

Age (years)

16-24 9.1 7.9 9.0 0.33
25-34 18.4 14.5 16.4 0.02
35-44 16.0 14.3 15.2 0.27
45-54 19.4 20.1 19.7 0.67
55-64 12.1 16.7 14.4 0.002
65-74 18.5 20.2 19.3 0.32
>75 6.5 6.2 6.4 0.78
Gender
Female 61.3 62.2 61.8 0.68
Male 38.6 37.8 38.2 0.68
Life events
Better than normal 7.3 7.8 7.5 0.66
Much worse than normal 9.5 12.6 1.1 0.02
No different than normal 25.0 233 241 0.37
Nothing has happened in last 12 months 58.2 56.3 57.3 0.38
Social class
| 2.5 4.1 3.3 0.04
Il 18.7 21.9 19.2 0.002
11l 18.7 19.6 19.1 0.59
v 25.0 22.3 23.7 0.16
\ 37.3 32.1 34.7 0.01

continued
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TABLE 8 Baseline characteristics of participants: panel A — cross-sectional sample (imputed data) (continued)

Site (%)

Intervention Control Total (%) p-value for test
Variable (n=1061) (n = 1056) (N=2117) of difference®

Highest level of qualification®

No qualification 41.4 32.8 371 < 0.001
1 30.6 38.0 34.3 <0.001
2 17.4 12.5 14.9 0.002

3 7.0 9.2 8.1 0.06

4 3.7 7.5 5.6 <0.001

Working status
No 56.1 58.5 57.3 0.26
Yes 43.4 415 42.7 0.26

Income coping

Finding it difficult on present income 25.0 17.8 21.4 < 0.001
Coping on present income 53.2 544 53.8 0.58
Living comfortably on present income 21.9 27.8 24.9 0.002
Distance to woods (m)

<150 6.5 26.2 16.3 <0.001
151-300 12.0 26.4 19.2 < 0.001
301-500 15.7 24.7 20.2 < 0.001
501-750 31.0 15.2 23.1 < 0.001
751-1500 34.8 7.4 21.1 < 0.001

Access to a car
No 449 32.8 38.8 < 0.001
Yes 55.1 67.2 61.2 < 0.001

Smoking status

Currently smoke 40.8 28.2 345 < 0.001

Smoked in the past 211 18.0 19.6 0.08

Never smoked 38.1 53.8 45.9 < 0.001
Disability

No 86.6 88.6 87.6 0.16

Yes 13.4 1.4 12.4 0.16
Health limited

Yes, limited a lot 8.8 1.3 10.0 0.06

Yes, limited a little 19.7 16.7 18.2 0.07

No, not limited at all 71.5 721 71.8 0.79

Dog ownership
No 77.5 73.0 75.2 0.02
Yes 22.5 27.0 24.8 0.02
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TABLE 8 Baseline characteristics of participants: panel A - cross-sectional sample (imputed data) (continued)

Site (%)

Intervention Control Total (%) p-value for test
VELELE (n=1061) (n = 1056) (N=2117) of difference®

Children in household

No 70.8 70.9 70.9 0.96

Yes 29.1 29.0 29.1 0.96
Site pair

A 33.7 33.1 33.4 0.77

B 332 33.1 332 0.98

C 33.1 33.7 334 0.76

a p-values of < 0.05 indicated in bold.

b Based on occupational categories: | = highest grade occupations; V = state pensioners, unemployed or lowest
grade occupations.

¢ Levels range from 1 (school leaver qualifications: O grade, standard grade or equivalent) to 4 (higher education
qualifications: first degree or higher).

TABLE 9 Baseline characteristics of participants: panel B — cohort sample (imputed data)

Site (%)

Intervention Total (%) p-value for test
Variable (n =280) (N = 609) of difference®

Age (years)

16-24 7.1 3.6 53 0.06
25-34 10.0 13.1 11.7 0.24
35-44 12.1 13.1 12.6 0.73
45-54 19.6 17.6 18.6 0.53
55-64 14.3 17.9 16.3 0.22
65-74 16.8 17.0 16.9 0.94
>75 20.0 17.6 18.7 0.46
Gender
Female 61.1 9.1 63.2 0.31
Male 389 35.0 36.8 0.31
Life events
Better than normal 4.3 9.1 6.9 0.02
Much worse than normal 14.6 17.0 15.9 0.42
No different than normal 253 24.6 25.0 0.83
Nothing has happened in last 12 months 55.7 49.2 52.2 0.1
Social class”
I 3.9 43 4.1 0.82
Il 111 22.8 17.2 <0.001
M1l 18.4 15.9 17.0 0.42
v 236 247 242 0.75
\ 430 32.4 37.3 0.007

continued
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TABLE 9 Baseline characteristics of participants: panel B — cohort sample (imputed data) (continued)

Site (%)

Intervention Control Total (%) p-value for test
Variable (n =280) (n=329) (N = 609) of difference®

Highest level of qualification®

No qualification 57.0 413 48.5 < 0.001
1 23.7 33.1 28.8 0.01

2 1.4 9.1 10.2 0.35

3 5.0 7.6 6.4 0.18

4 29 8.8 6.0 0.001

Working status
No 69.6 65.2 67.2 0.24
Yes 304 34.8 32.8 0.24

Income coping

Finding it difficult on present income 26.0 16.5 20.9 0.005
Coping on present income 52.1 57.3 54.9 0.20
Living comfortably on present income 21.9 26.2 24.2 0.22
Distance to woods (m)

<150 54 24.6 15.8 <0.001
151-300 12.9 22.8 18.2 0.001
301-500 15.7 24.6 205 0.006
501-750 443 18.5 30.4 <0.001
751-1500 21.8 9.4 15.1 < 0.001

Access to a car
No 475 34.0 40.2 < 0.001
Yes 52.5 66.0 59.8 < 0.001

Smoking status

Currently smoke 36.9 26.4 313 0.006

Smoked in the past 24.7 20.4 223 0.20

Never smoked 384 53.2 46.2 < 0.001
Disability

No 81.9 87.5 84.9 0.05

Yes 18.1 12.5 15.1 0.05
Health limited

Yes, limited a lot 13.9 13.4 13.6 0.84

Yes, limited a little 27.5 21.0 24.0 0.06

No, not limited at all 58.6 65.7 62.4 0.07

Dog ownership
No 76.8 74.5 75.5 0.51
Yes 23.2 255 24.5 0.51
Children in household
No 76.1 75.1 75.5 0.78
Yes 239 249 245 0.78
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Baseline characteristics of participants: panel B — cohort sample (imputed data) (continued)

Site pair
A 32.1 14.6 22.7 < 0.001
B 539 36.5 445 < 0.001
C 13.9 48.9 32.8 < 0.001

At baseline, panel A comprises a total of 2117 participants (see Table 8). Of these participants, 609
correspond to the cohort sample (see Table 9), panel B, nested within the cross-sectional data set.

In the following commentary we note only significant differences based on p < 0.05.

At baseline, panel A (see Table 8) had differences between intervention and control samples in two of the
age groups and more ‘much worse than normal’ life events in the control group. There were more lower
social class participants in the intervention group and more higher social class participants in the control
group. The difference is more significant with regard to the educational levels of the two groups, with

the intervention group having more participants with no qualifications and the control having more with
higher and further educational levels. This difference is also reflected in the larger numbers finding it difficult
to cope on their income in the intervention group and more in the control group living comfortably on their
income. Despite attempts to match sites in accordance with physical characteristics, including woodlands,
the intervention group had fewer people living close to their local woodlands and more living at a distance
of > 751 m than the control group. The intervention group also had lower numbers of participants with
access to a car. In health terms, there were more smokers in the intervention group. The control group had
more dog owners than the intervention group. There were no other significant differences between the two
groups in the sample.

There were some differences in profile between panel A and panel B. As with panel A at baseline, in the
panel B sample (see Table 9) many individual characteristics were not significantly different between the
intervention and control groups but there were a number of significant differences. Unlike panel A, there
were no differences in the age profile between intervention and control groups and the control group life
events ratings included more ‘better than normal’. The pattern of significant differences for social class,
educational qualifications, income coping, proximity to the local woodlands, access to a car and smoking
status matched that of panel A, with the intervention group showing a disadvantaged profile in these
characteristics compared with the control group. Unlike in panel A, there are also significant differences in
the proportions of the panel B sample from intervention or control sites in each of the site pairs.

The characteristics of participants in the two follow-up waves of data, both for the cross-sectional data set
and for the cohort sample, differ from baseline in some important ways (see Appendix 4 for details).

There was a relative reduction in the sample size owing to the exclusion of problematic cases from the
final data set as described earlier. The repeat cross-sectional data set used for analysis from waves 2 and 3
had 1672 and 1671 cases respectively. Likewise, the number of cohort participants was 350 at wave 2 and
402 at wave 3.
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Panel A at wave 2 showed no significant differences between intervention and control in terms of age,
whereas there were differences in two of the age groups in wave 3. Life events patterns were more varied
across the two groups (more in the control group were ‘better than normal’ in both waves 2 and 3). There
were a number of differences in social class (wave 2 only) and in educational qualification (waves 2 and 3),
matching those found in wave 1, in which the intervention group mostly showed lower social class and
educational qualifications than the control group. Unlike in wave 1, there were more not in work in the
intervention group in waves 2 and 3. As in wave 1, more in the intervention group were finding it hard to
cope on their income and more in the control group were living comfortably on their income (waves 2 and 3).
As with wave 1, the intervention group had fewer people living close to woodlands and more living further
away than the control group. As in wave 1, the intervention group in waves 2 and 3 had comparatively lower
levels of access to a car, higher numbers smoking and lower dog ownership. In wave 3 only, there were more
in the intervention group whose health was limited a little and more in the control group with no health
limitations. There was a notable difference in sample size between the site pairs: there were significantly
fewer participants in intervention site A (in both waves 2 and 3) and in control site B (wave 2 only).

In the panel B sample for waves 2 and 3 there was only one significant difference in one age group (more
participants aged 55-64 years in the wave 2 control sample) between intervention and control samples.

As with wave 1, wave 2 control participants had more life events in the ‘better than normal’ category than
the intervention group. Social class and educational qualifications patterns in waves 2 and 3 largely matched
those of wave 1, as might be expected, with differences between intervention and control groups more
significant in wave 3 than in wave 2. As with wave 1, there were significantly more in the intervention group
finding it difficult to cope on their income in waves 2 and 3, with the control group having significantly more
living comfortably on their income by wave 3. Patterns of proximity to local woodlands and access to a car
matched those of wave 1 in waves 2 and 3, with differences between intervention and control being more
significant by wave 3. Differences in smoking were not significant in wave 2 but were significant in wave 3, with
the control group having fewer smokers, as in wave 1, and the intervention group having significantly more
who smoked in the past in wave 3, compared with significantly more currently smoking in wave 1. The only
other significant differences were between site pairs, with a comparatively larger sample size in intervention

site B and in control site C in waves 2 and 3 (as in wave 1), whereas the comparatively larger sample size in
intervention site A (significant in waves 1 and 2) was no longer significant by wave 3.

Preparing outcome variables for analysis

In this subsection, we describe the derivation of the primary outcome and the construction of the
secondary outcomes that were considered in the study. The analyses and associated imputations used
either continuous variables or binary variables as outcome measures. Tables are included in this section to
illustrate the pattern of responses to questions that have multiple categories prior to their reduction to
binary outcomes for analysis. The full set of responses based on imputed data for secondary outcome
variables is shown in Appendix 5.

Primary outcome variable: Perceived Stress Scale

The primary outcome of the study was perceived stress, measured through the 10-item PSS. We followed
standard rules to derive our PSS score. The raw measure included four positively stated items and six negatively
stated items. The items were based on Likert scale responses of ‘never’, ‘almost never’, ‘sometimes’, ‘fairly
often’ and ‘very often’. The final score was then calculated by reversing responses to the four positively stated
items and then summing across all 10 scale items. The resulting variable was treated as a continuous variable
ranging from 0 to 40, with lower values denoting better mental health outcomes.

Secondary outcome variables

The study considered a set of secondary outcomes, summarised in Table 10 (see Report Supplementary
Material 1 for the full questionnaire and Appendix 5 for full reporting of all secondary outcome data).
These secondary outcomes are related to the different pathways hypothesised to underpin the relationship
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TABLE 10 Secondary outcomes: distal and proximal

Distal

Health-related Physical activity
Connectedness to nature
Social cohesion

Proximal

Behaviour Nature visits
Length and frequency of visits to the woods
Viewing the woods

Engagement with woods and their use Activities undertaken in the woods
Awareness of the woods

Enhanced environment Experience of natural environments

Awareness of the woods

between natural environments and mental health, particularly perceived stress, as shown in our logic
model (see Figure 1).

The derivation of secondary outcomes proceeded as described in the following sections.
Health-related outcomes

Physical activity

Physical activity was measured using the International Physical Activity Questionnaire (IPAQ), specifically the
IPAQ-SF. The IPAQ collects information regarding the duration (in minutes) and frequency (in days) for
three generic activities: walking, moderate intensity and vigorous intensity.

We followed standard IPAQ data-cleaning procedures®® to compute measures of PA as follows:

Any duration of activities of < 10 minutes was recoded to 0.

To truncate measures, any duration of activities > 240 minutes was recoded to 240 minutes.
Participants reporting a PA of > 16 hours were excluded from the analysis.

To obtain the weekly minutes of walking, moderate and vigorous activities in terms of the metabolic
equivalent (MET), participants’ estimates of the average number of minutes of activity were calculated
by multiplying the weekly frequency by the corresponding METs.

® To obtain a total PA score, the three generic activities were summed.

The above procedure produced a total of four continuous measures of PA, expressed in terms of MET-minutes
per week:

walking
moderate
vigorous
overall PA.

AN =
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Connectedness to nature

The INS scale measures participants’ sense of connectedness to nature from 1 to 7 using a visual scale.
Participants identified the picture that best represented their connection, where 1 denoted no connection
at all and 7 denoted a full connection. We used this scale as a continuous variable to investigate the extent
to which participants felt emotionally connected to natural environments.

Social cohesion
Social cohesion was measured using three items reflecting the participants’ opinions of their community’s
collective strength:

1. Neighbourhood cohesion — to what extent do you agree or disagree that people in this neighbourhood
pull together to improve the neighbourhood?

2. Neighbourhood trust — how many people in your neighbourhood can be trusted?

3. Neighbourhood belonging — how strongly do you feel you belong to your immediate neighbourhood?

Although the phrasing of the categories of each of the above items differed, the three items used a similar
4-point scale, thus allowing us to create a reliable scale (Cronbach’s alpha = 0.70). We summed across the
three items to obtain a social cohesion score. This produced a variable ranging from 3 to 12, which we
treated as continuous, higher scores representing better community collective strength.

Nature visits
To measure changes in engagement with the natural environment, we combined information from the
following questions:

Have you visited the local woodlands (subject of the study) in the last year?
Have you visited other local parks or green spaces in the last 12 months?

Both questions could be answered by either ‘yes’ or ‘no’ at each survey wave. The first question provided
information on whether or not individuals visited the woods that were the subject of the study, and
through the second question we gathered information on whether or not individuals visited green spaces
other than the controlled sites. We set a value of 1 if participants responded ‘yes’ and O otherwise.

The resulting variable took a binary form.

Length and frequency of visits to the woods

Length of visits was measured using the survey question shown in Table 77. Those ‘not asked’ represent
those not visiting their local woods in the past year. The number not visiting had declined slightly (but not
significantly) by wave 3.

Based on NHS-recommended levels of PA for adults (@ minimum of 30 minutes of moderate to vigorous
activity on at least 5 days per week)® and the distribution of categories within this question, participants’
responses were dichotomised, setting a value of 1 for participants whose length of time in the woods

was any category indicating > 30 minutes and 0 for participants who responded either '< 15 minutes’

or '15-30 minutes’. Because the question in Table 771 was addressed only to participants who visited the
woods that were the subject of study, those not asked were not included in the construction of the binary
outcome.

Frequency of visits was also measured. Participants who visited the woods were also asked, at each survey

wave, how frequently they did so during the winter and summer seasons (Table 12). Again, those 'not
asked’ represent those not visiting their local woods in the past year.
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TABLE 11 Length of visits to the woods

Item responded to

Participants, n (%)

Wave 1

PUBLIC HEALTH RESEARCH 2019 VOL. 7 NO. 2

On average, during the last 12 months, how long did you normally spend at the local woods (subject of study)?

Intervention

Not asked 830 (78.23) 592 (80.00) 614 (75.34) 2036 (77.83)
<15 minutes 18 (1.70) 20(2.70) 8(0.98) 46 (1.76)
15-30 minutes 45 (4.24) 29 (3.92) 29 (3.56) 103 (3.94)
30 minutes to 1 hour 108 (10.18) 57 (7.70) 101 (12.39) 266 (10.17)
1-2 hours 52 (4.90) 33 (4.46) 52 (6.38) 137 (5.24)
2-5 hours 8(0.75) 9(1.22) 11 (1.35) 28(1.07)

> 5 hours 0 0 0 0

Total 1061 (100) 740 (100) 815 (100) 2616 (100)
Control

Not asked 721 (68.28) 659 (70.78) 651 (76.14) 2031 (71.46)
<15 minutes 41 (3.88) 29 (3.11) 9 (1.05) 79 (2.78)
15-30 minutes 93 (8.81) 57 (6.12) 45 (5.26) 195 (6.86)
30 minutes to 1 hour 158 (14.96) 120 (12.89) 84 (9.82) 362 (12.74)
1-2 hours 37 (3.50) 48 (5.16) 55 (6.43) 140 (4.93)
2-5 hours 6 (0.57) 16 (1.72) 10(1.17) 32 (1.13)

> 5 hours 0 2(0.21) 1(0.12) 3(0.11)
Total 1056 (100) 931 (100) 855 (100) 2842 (100)

TABLE 12 Frequency of visits to the woods in summer and winter seasons

Item responded to

Participants, n (%)

Wave 1

How frequently did you visit these local woodlands last summer (i.e. between April and September)?

Intervention
Not asked 830 (78.23) 592 (80.11) 614 (75.25) 2036 (77.83)
Every day 41 (3.86) 15 (2.03) 30 (3.68) 86 (3.29)
Several times a week 76 (7.16) 45 (6.09) 69 (8.46) 190 (7.26)
Once a week 27 (2.54) 17 (2.30) 41 (5.02) 85 (3.25)
Several times a month 37 (3.49) 27 (3.65) 19 (2.33) 83(3.17)
About once a month 19 (1.79) 16 (2.17) 17 (2.08) 52 (1.99)
Less often 24 (2.26) 24 (3.25) 16 (1.96) 64 (2.45)
Not at all 7 (0.66) 3(0.41) 10 (1.23) 20(0.76)
Total 1061 (100) 739 (100) 816 (100) 2616 (100)
continued
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Frequency of visits to the woods in summer and winter seasons (continued)

Control

Not asked

Every day

Several times a week
Once a week

Several times a month
About once a month
Less often

Not at all

Total

How frequently did you visit these local woodlands last winter (i.e. between October and March)?

Intervention

Not asked

Every day

Several times a week
Once a week

Several times a month
About once a month
Less often

Not at all

Total

Control

Not asked

Every day

Several times a week
Once a week

Several times a month
About once a month
Less often

Not at all

Total

721 (68.28)
28 (2.65)
97 (9.19)
54 (5.11)
64 (6.06)
34 (3.22)
51 (4.83)

7 (0.66)
1056 (100)

830 (78.23)
34 (3.20)
38 (3.58)
14 (1.32)
31(2.92)
21(1.98)
62 (5.84)
31(2.92)
1061 (100)

721 (68.28)
23(2.18)
66 (6.25)
39 (3.69)
43 (4.07)
30 (2.84)
90 (8.52)
44 (4.17)
1056 (100)

659 (70.78)
32 (3.44)
68 (7.30)
43 (4.62)
76 (8.16)
23(2.47)
27 (2.90)
3(0.32)
931 (100)

592 (80.00)
10 (1.35)
26 (3.51)
16 (2.16)
15 (2.03)
17 (2.30)
40 (5.41)
24 (3.24)
740 (100)

659 (70.78)
25 (2.69)
46 (4.94)
28 (3.01)
68 (7.30)
32 (3.44)
39 (4.19)
34 (3.65)
931 (100)

651 (76.14)
34 (3.98)
66 (7.72)
33(3.86)
41 (4.80)
15(1.75)
12 (1.40)
3(0.35)
855 (100)

614 (75.25)
22 (2.70)
28 (3.43)
19 (2.33)
14 (1.72)
20 (2.45)
69 (8.46)
30 (3.68)
816 (100)

651 (76.14)
23(2.69)
47 (5.50)
20 (2.34)
28 (3.27)
17 (1.99)
35 (4.09)
34 (3.98)
855 (100)

2031 (71.46)
94 (3.31)
231(8.13)
130 (4.57)
181 (6.37)
72 (2.53)

90 (3.17)

13 (0.46)
2842 (100)

2036 (77.80)
66 (2.52)

92 (3.52)

49 (1.87)

60 (2.29)

58 (2.22)
171 (6.53)
85 (3.25)
2617 (100)

2031 (71.46)
71 (2.50)
159 (5.59)
87 (3.06)
139 (4.89)
79 (2.78)
164 (5.77)
112 (3.94)
2842 (100)

Based on the distribution of the sample for different categories in these questions, we created two
dichotomised variables measuring the frequency of visits during these seasons, giving a value of 1 if
participants responded ‘every day’, ‘several times a week’ or ‘once a week’ and a value of 0 if their
response was ‘several times a month’, ‘about once a month’, ‘less often’ or ‘not at all’. Again, the
‘not asked’ category was not included in the construction of the binary outcome.
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Viewing the woods

The WIAT interventions were unlikely to alter whether or not people could view the local woods from their
home; however, enhanced awareness of the woods and their potential attractiveness might alter people’s
patterns of behaviour, including their enjoyment of viewing the woods when going about their neighbourhood.
For this reason, visual contact with the woods was measured via the following survey question:

® When you are walking about your neighbourhood, are you aware of any views to woodlands or
green spaces?

At each survey wave, participants were able to answer the above question with ‘yes’, 'yes, a partial view’
or ‘no’. Based on the distribution, we dichotomised participants’ responses, giving a value of 1 for those
who responded ‘yes’ or ‘yes, a partial view’ and 0 otherwise.

Engagement with woods and their use
The social (phase 2) WIAT interventions were aimed at encouraging the local community to participate in a
range of activities in the woods and to find out more about the woods.

Activities undertaken in the woods

For those who did report visiting the woods, respondents were asked to indicate the activities undertaken
(they could choose as many items as were relevant). Of the eight options offered (including an option to

specify something ‘other’ than what was listed), only four were identified in sufficient numbers to offer a
meaningful basis for analysis. They were:

go for a walk

walk a dog

go out with my family
relax.

HwnN =

We created binary outcomes for each of these four activities, giving a value of 1 if participants pursued the
activity while visiting the woods and 0 if they did not.

Awareness of the woods

Awareness of local woods and opportunities to engage with them may result in both positive and negative
perceptions of their quality. By contrast, a lack of awareness of the local woods is reflected in people

not knowing the quality of their woods.3* We measured the degree of participants’ awareness of the
woodlands’ quality via the survey question in Table 13. As this table shows, participants were able to rank
the quality of the woods only if they were aware of the woodlands’ locations, otherwise their response
was ‘Do not know what my local woodlands are’. A binary outcome variable measuring the degree of
awareness of the woods was then created by setting a value of 1 if participants rated, at any level, the
quality of the woods and 0 if they did not know where their local woodlands were.

Enhanced environment

Experience of the natural environment
In addition to awareness of the local woods, and to measure changes in terms of participants’ experience
of the woods, the following perceived restorativeness items were included in the survey questionnaire.
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TABLE 13 Awareness of the woods

Overall, what do you think about the quality of these local woodlands?

Intervention

Do not know what my local 476 (44.86) 339 (45.81) 257 (31.5) 1072 (40.96)
woodlands are

Very good 53 (5.00) 44 (5.95) 63 (7.72) 160 (6.11)
Good 219 (20.64) 202 (27.30) 358 (43.87) 779 (29.77)
Neutral 171 (16.12) 114 (15.41) 94 (11.52) 379 (14.48)
Poor 116 (10.93) 32 (4.32) 36 (4.41) 184 (7.03)
Very poor 26 (2.45) 9(1.22) 8(0.98) 43 (1.64)
Total 1061 (100) 740 (100) 816 (100) 2617 (100)
Control

Do not know what my local 171 (16.19) 234 (25.11) 184 (21.52) 589 (20.72)
woodlands are

Very good 102 (9.66) 71 (7.62) 58 (6.78) 231 (8.13)
Good 321 (30.40) 291 (31.22) 231 (27.02) 843 (29.65)
Neutral 225(21.31) 141 (15.13) 153 (17.89) 519 (18.26)
Poor 122 (11.55) 114 (12.23) 110 (12.87) 346 (12.17)
Very poor 155 (10.89) 81 (8.69) 119 (13.92) 315 (11.08)
Total 1056 (100) 932 (100) 855 (100) 2843 (100)

Being away items:

® spending time in the woodlands gives me a break from my day-to-day routine
® the woodland is a place to get away from the things that usually demand my attention.

Fascination items:

® there is much to explore and discover in the woodlands
® my attention is drawn to many interesting things when | am in the woodlands.

Participants were asked to scale the above items from 0 to 10, where 0 denoted ‘not at all’ and

10 denoted ‘completely’. Measures for each of the being away scale and the fascination scale were

then created by calculating the mean of the two items within each category. This yielded two continuous
variables ranging between 0 and 10, with a higher score representing a participants’ better restorative
experience of the woods. Appendix 5 shows the complete data for all outcome variables described.

Patterns of stress in the study sample

In this section we describe the unadjusted patterns of our primary outcome: perceived stress. We then examine
these patterns of stress in accordance with the levels of participants’ engagement with natural environments,
as measured by the degree of participants’ visits to, and visual contact with, woodlands and green spaces.

Unadjusted patterns of stress
Table 14 reports the unadjusted patterns of stress levels of participants by study arm in the cross-sectional
data set (panel A) and longitudinal cohort sample (panel B). As described earlier, because our self-reported
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TABLE 14 Unadjusted patterns of perceived stress (PSS) for panel A (cross-sectional) and panel B (cohort) sample

Panel A: cross-sectional sample

1 12.2 (6.4) 14.3 (5.8) 2.1%*(0.27)
2 13.5 (6.6) 13.9 (6.6) 0.37 (0.32)

3 14.9 (6.8) 13.2(7.3) -1.8** (0.35)
Panel B: cohort sample

1 13.8 (6.7) 15.0 (5.6) 1.3* (0.5)

2 14.2 (7.1) 14.3 (6.5) 0.14 (0.75)

3 15.5 (7.6) 13.3(7.3) —2.3** (0.75)

*0<0.01, **p<0.001.

measure of PSS is a continuous variable, we report means in stress (where a higher number indicates a
greater level of stress).

Overall, there are similar unadjusted patterns of stress in the cross-sectional and cohort samples. On
average, participants living in the intervention sites had lower stress levels than those in the control sites at
wave 1 in both panel A and panel B data sets. These differences were statistically significant, as reflected
by the test of equality of means reported in final column of Table 14.

By the post-physical intervention survey (wave 2), the unadjusted patterns of stress between the two groups
had moved in opposite directions. Intervention site participants became, unexpectedly, more stressed on
average. This pattern was more pronounced in panel A than in panel B. For example, although panel A
showed a rise of 1.3 in the measure of perceived stress for the intervention participants, panel B showed an
increase of about 0.4. There was a moderate reduction in stress for the control sites: a pattern that was
observed in both and panel B, with a decrease of stress of approximately 0.4 and 0.7 respectively.

Finally, in the post-social-intervention survey (wave 3), we observed the effect of a similar trend in stress
levels as at wave 2. Stress levels for the intervention participants had again risen, whereas those in our
control participants had again decreased. Among the intervention site panel B participants, there was a
rise of 1.7 in the measure of stress (PSS) by wave 3 over baseline levels. A greater PSS score increase of
2.7 over baseline by wave 3 was detected in panel A (see Table 14). In contrast, mean stress levels in the
control sites for both panels were lower post social intervention (wave 3).

Unadjusted patterns of stress based on levels of physical and visual engagement with
natural environments

Unadjusted patterns of stress by levels of physical and visual engagement with natural environments were
considered for both panel A and panel B, comparing intervention and control groups. Physical engagement
with natural environments was defined by nature visits as described in Preparing outcome variables for
analysis, that is, whether or not participants had visited the local woods or other green spaces in the
previous 12 months at each survey wave. Visual engagement with natural environments was defined by
nature views as described in Preparing outcome variables for analysis, that is, whether or not participants
were aware of views to natural environments while walking in the neighbourhood.

Post intervention (waves 2 and 3), there was an increase in stress within the intervention groups, regardless
of whether or not they had physical or visual engagement with the natural environment. However, when
stratified by nature visits, these PSS score increases were greater in the intervention participants who did not
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undertake nature visits throughout the study (non-nature visits group) than in those who did undertake
nature visits. When considering nature views, at wave 2 there was a marked increase in stress in the nature
views group at intervention sites in both panels, which was not apparent in the non-nature views group for
intervention sites. By contrast, at wave 3 the non-nature views group in the intervention sites showed sharp
increases in PSS scores, whereas the nature views groups saw PSS scores fall in comparison with wave 2.
The full unadjusted data for these variables are reported in Appendix 6.

These initial analyses suggested that the detrimental unadjusted pattern in stress established in Patterns of
stress in the study sample for intervention sites may have been driven more by participants who were not
affected by the intervention. For instance, in the cohort sample (panel B) there was an increase of 2.7 in
mean PSS score within the non-nature visits group between wave 1 and wave 3, whereas there was only
an increase of 0.7 in mean PSS score within the nature visits group. However, these unadjusted analyses
do not take into account either individual-level characteristics or between-site differences in sample
composition, and so the more detailed reporting of outcomes, as set out below (Is the intervention
associated with changes in the primary outcome of perceived stress? to Sensitivity analysis), is based on
models adjusted to take such variables into account.

Is the intervention associated with changes in the primary outcome of
perceived stress?

As described in Chapter 2, Core survey of community residents, two general approaches informed the
detailed statistical analysis undertaken.

First, an overall effect was estimated — an ITT approach — to test whether or not living in the intervention
sites alone was sufficient to produce health benefits regardless of an individual’s reported exposure to the
intervention. This was considered for both wave 2 and wave 3 data.

Second, we augmented this analysis by examining the differential impact of the WIAT programme as a
function of three main factors: (1) self-reported levels of engagement with the natural environment (nature
visits and nature views), (2) gender and (3) distance to the woods. A three-way interaction term was added
in the models, denoted by the binary variables of type of site (i.e. intervention or control) and survey wave
plus the corresponding indicators on engagement with nature, gender or distance to the woods. The
interaction term assessed the extent to which the main effect varied by engagement with nature, gender
or distance to the woods.

To ease interpretation, most analyses produced adjusted predicted means or probabilities to highlight the
substantive impacts of any interaction. These are presented graphically (see Figures 7-15).

The two sets of analyses involved a series of multilevel regression models to take account of the fact that
observations made on the same individual at two different waves were likely to be correlated. Given the
continuous and binary forms of our different outcome measures, the analysis involved a combination of
linear and logistic regressions. Core survey of community residents sets out the imputation techniques used
to handle missing data and prepare the two panels for analysis: panel A (cross-sectional data) and panel B
(cohort data).

Results of adjusted models

The multilevel models presented for the ITT approach were adjusted for participants’ age, gender, life
events, social class, education, working status, income coping, access to car, smoking status, disability,
health status, dog ownership, children, distance bands (to local woods: < 150, 151-300, 301-500,
501-750 and 751-1500 m; i.e. five distance bands), site pair, type of site (intervention or control) and
wave of survey. The augmented models included all these covariates plus binary variables for nature visits
in the past year (‘yes'/'no’) and gender.
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Overall effect: intention-to-treat approach

The results of the adjusted models using the ITT approach are presented in Table 15. We report only the
coefficients for the interaction terms of type of site, that is, intervention or control (reference group:
control arm) and wave of survey (reference group: baseline, wave 1). As described before, these interaction
terms captured the differential impact of the intervention during the follow-ups. Dichotomised variables
for type of site and survey wave were also included in all the models. Results based on the cross-sectional
data set can be seen under panel A, whereas panel B shows the results using the longitudinal cohort.

Based on the cross-sectional analysis (panel A; see Table 15), stress levels in participants from intervention
sites increased during the follow-ups (waves 2 and 3) compared with those in the control groups. The
magnitude of the intervention effect was different at each wave, with larger observed changes at wave 3
[B (unstandardised coefficient) 3.58, 95% Cl 2.85 to 4.31; p < 0.001] than at wave 2 (B 1.52, 95% ClI
0.78 to 2.27; p < 0.001). These differences between intervention and control sites across the two post-
intervention phases were statistically significant [as measured by the p-value (< 0.001) using the Wald test].

The adjusted predicted means of the PSS scores for the two groups, intervention and control, are shown

in Figure 7. The size of the intervention effect is noteworthy. With regard to the baseline (predicted mean
of PSS score = 12.09), by wave 2 (predicted mean of PSS score = 13.5) the predicted mean of the PSS
scores within the intervention sites increased by approximately 1.5, and by wave 3 (predicted mean of PSS
score = 14.5) a gain of 2.4 was achieved. On the other hand, the predicted means of the PSS scores within
the control groups underwent almost no change by wave 2 and a moderate decrease of 1 by wave 3.

The results using the longitudinal cohort (panel B; see Table 15) echoed those from the cross-sectional
sample. For example, post social intervention (wave 3) a detrimental effect of similar size for the intervention
site participants was again established (B 3.03, 95% Cl 1.54 to 4.52; p < 0.001). One important difference
between the two sets of results is that the differential impact within the intervention sites post physical
intervention (wave 2) was not statistically significant (B 1.11, 95% Cl -0.46 to 2.68; p = 0.16). Overall, the
p-value (0.004) of the Wald test confirmed the significance of the apparent detrimental effect. The adverse
effect was smaller in the longitudinal cohort. Based on the predicted means of the PSS scores (Figure 8),
from a baseline predicted mean of 13.8, stress levels within the intervention sites increased to 14.1 at wave 2
and 14.9 at wave 3.

The WIAT intervention effect on perceived stress (ITT approach)

Panel A: cross-sectional sample

Intervention x wave 2 1.52 <0.001 0.78 to 2.27 n/a
Intervention x wave 3 3.58 <0.001 2.85104.31 <0.001
Panel B: cohort sample

Intervention x wave 2 1.1 0.16 —0.46 t0 2.68 n/a
Intervention x wave 3 3.03 < 0.001 1.54 t0 4.52 0.004
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FIGURE 7 Predicted means of PSS scores for panel A: cross-sectional sample. A higher PSS score denotes higher
stress, controlling for different individual-level characteristics.
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FIGURE 8 Predicted means of PSS scores for panel B: cohort sample. A higher PSS score denotes higher stress,
controlling for different individual-level characteristics.

Results for the secondary outcome: mental well-being

To confirm the findings, analyses were repeated with an alternative measure of mental health: the
SWEMWABS. SWEMWSABS results range from scores of 7 to 35, with higher values denoting more positive
mental well-being. The results can be seen in Table 16. The signs of all the coefficients for the interactions
in both data sets (panels A and B) are negative, thus indicating a similar pattern of change over time in
intervention as in the control (i.e. a detrimental intervention effect). Figure 9 shows predicted means of
SWEMWSABS using the panel A (cross-sectional) data.
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TABLE 16 The WIAT intervention effect on mental well-being (ITT approach)

Panel A: cross-sectional sample

Intervention x wave 2 -2.20 < 0.001 -2.74 to -1.65 n/a
Intervention x wave 3 -0.57 0.039 -1.10 to -0.03 <0.001
Panel B: cohort sample

Intervention x wave 2 -1.92 0.001 -3.06 to -0.78 n/a
Intervention x wave 3 -1.65 0.003 -2.73 t0o -0.57 0.001

n/a, not applicable.

Note

Multilevel models adjusted for age, gender, life events, social class, education, working status, income coping, access to
car, smoking status, disability, health status, dog ownership, children, distance bands (to local woods: < 150, 151-300,
301-500, 501-750 and 751-1500 m; i.e. five distance bands), site pair, type of site (intervention or control) and wave
of survey.
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FIGURE 9 Predicted means of SWEMWSBS scores for panel A: cross-sectional sample. A higher SWEMWBS score
denotes better mental well-being, controlling for different individual-level characteristics.

Do changes in the primary outcome differ in accordance with levels of physical and
visual engagement with natural environments?

In Tables 17 and 18 we refine the analysis to differentiate between participants in accordance with their
levels of physical and visual engagement with natural environments. The ‘main’ intervention effect on
stress levels of intervention site participants within each engagement group is reported using both the
cross-sectional (panel A) and longitudinal cohort (panel B) samples.

Intervention effect on stress via levels of physical engagement — nature visits

Table 17 supports the notion that the detrimental effect on stress levels within the intervention group
seems to be largely driven by participants who were not physically exposed to nature. The cross-sectional
analysis (panel A; see Table 17) suggested a detrimental intervention effect on intervention site participants
who were within the non-nature visits group: their interaction coefficients were positive and highly
statistically significant at each point in time (wave 2: B 3.04, 95% Cl 2.00 to 4.07; p < 0.001; wave 3:

B 4.97,95% Cl 3.95 to 5.99; p < 0.001). By contrast, the intervention site participants within the nature
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TABLE 17 The WIAT intervention effect on perceived stress by nature visits (augmented approach)

2 3

Main effect p-value 95% CI Main effect p-value 95% ClI
Panel A: cross-sectional sample

Nature visits group -0.06 0.90 -1.12 t0 0.99 1.95 < 0.001 0.89 to 3.00
Non-nature visits group 3.04 <0.001 2 t0 4.07 4.97 <0.001 3.95 to 5.99

Panel B: cohort sample

Nature visits group -0.23 0.83 -2.42t0 1.95 0.64 0.57 -1.60 to 2.88
Non-nature visits group 2.57 0.03 0.3t04.83 4.69 < 0.001 2.66 t0 6.71
Note

Multilevel models adjusted for age, gender, life events, social class, education, working status, income coping, access to
car, smoking status, disability, health status, dog ownership, children, distance bands (to local woods: < 150, 151-300,
301-500, 501-750 and 751-1500 m; i.e. five distance bands), site pair, type of site (intervention or control) and wave
of survey.

TABLE 18 The WIAT intervention effect on perceived stress by nature views (augmented approach)

2 3

Main effect p-value 95% ClI Main effect p-value 95% CI

Panel A: cross-sectional sample

Nature visits group 1.54 0.003 0.53 t0 2.54 2.95 < 0.001 2.00 to 3.91
Non-nature visits group 2.06 <0.001 0.95to0 3.17 3.75 <0.001 2.54 t0 4.97
Panel B: cohort sample

Nature visits group 1.57 0.14 -0.52 to 3.66 3.19 0.001 1.30 t0 5.09
Non-nature visits group 0.90 0.46 -1.51 t0 3.31 2.36 0.06 -0.13 t0 4.86
Note

Multilevel models adjusted for age, gender, life events, social class, education, working status, income coping, access to
car, smoking status, disability, health status, dog ownership, children, distance bands (to local woods: < 150, 151-300,
301-500, 501-750 and 751-1500 m; i.e. five distance bands), site pair, type of site (intervention or control) and wave
of survey.

visits group saw a very much smaller increase (B 1.9, 95% CI 0.8 to 3.0; p < 0.001). Results from the
cohort sample (panel B; see Table 17) support this. There was no intervention effect on the intervention
site participants who were within the nature visits group (wave 2: B -0.23, 95% Cl -2.42 to 1.95;
p=0.83; wave 3: B0.64, 95% Cl -1.6 to 2.88; p =0.57) but there was a significant increase in stress
levels among the intervention site participants within the non-nature visits group at wave 2 (B 2.57,
95% Cl 0.3 to 4.83; p=0.03) as well as at wave 3 (B 4.69, 95% Cl 2.66 to 6.71; p < 0.001).

Figure 10 shows the adjusted predicted means of the PSS scores computed using the difference estimates
from the model of the cohort sample in panel B of Table 77. In the intervention group, from a baseline
predicted mean PSS score of 13.6, the non-nature visits group had a predicted mean PSS score of 15.5 by
wave 3, whereas those within the nature visits group had a difference of only 0.3 between the predicted
mean PSS score at baseline (13.9) and at wave 3 (14.2). The non-nature visits group within the control
groups, on the other hand, showed a decline in stress levels from a baseline mean PSS score of 15.4 to
12.6 at wave 3 and, for the nature visits group, a smaller difference in predicted mean PSS from a score of
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FIGURE 10 Predicted means of PSS scores by nature visits for panel B: cohort sample. (a) Intervention group; and
(b) control group. A higher PSS score denotes higher stress, controlling for different individual-level characteristics.

15.1 at baseline to 14.6 at wave 3. It is evident that, although the differential effect of the intervention
across the study arms (intervention and control) is not significant in the nature visits group, the effect on
the non-nature visits group diverged considerably between intervention and control. This suggests that
factors other than those related to visits to natural environments may lie behind the apparent intervention
effect on stress levels.

Intervention effect on stress via levels of visual engagement — nature views
The main findings in relation to the intervention effect on stress by levels of visual engagement with
natural environments are reported in Table 18. There is no simple picture apparent. In panel A, a strong
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detrimental effect on intervention site participants was found across both the nature view and non-nature
view groups at all follow-up surveys (nature view group: wave 2 — B 1.54, 95% Cl 0.53 to 2.54; p =0.003;
wave 3 - B2.95,95% Cl 2.00 to 3.91; p <0.001; and non-nature view group: wave 2 — B 2.06, 95% ClI
0.9510 3.17;, p<0.001; wave 3 - B 3.75, 95% Cl 2.54 to 4.97; p < 0.001). However, results using panel B
were quite different: a significant detrimental intervention effect for the nature view group was found only
at wave 3 (B 3.19, 95% Cl 1.30 to 5.09; p = 0.001).

Adjusted predicted means of the PSS scores from regressions in panel B of Table 18 are presented in
Figure 11, which shows increases in the PSS score for the intervention site participants. Within the nature
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Predicted means of PSS scores by nature views for panel B: cohort sample. (a) Intervention group; and
(b) control group. A higher PSS score denotes higher stress, controlling for different individual-level characteristics.
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views group, predicted mean stress levels among intervention participants were 13.1 at baseline, 14.4 at
wave 2 and 14.4 at wave 3. Participants within the control sites, on the other hand, were on average less
stressed during the follow-ups, regardless of their degree of visual engagement with natural environments.
For example, from baseline to post social intervention (wave 3), those from control sites and in the nature
views group were about 2 PSS points less stressed. Results for the non-nature views group were similar.

Intervention effect on mental well-being via levels of physical engagement (nature visits)
and visual engagement (nature views)

The same approach was implemented for SWEMWSBS as for PSS. The overall results showed that, although
there was a detrimental intervention effect associated with those who had undertaken nature visits at
wave 2, by wave 3 the effect had become positive, indicating an improvement in mental well-being, but
for panel A (the cross-sectional sample) only. By contrast, the intervention effect for those who had not
undertaken nature visits was larger, negative and significant at waves 2 and 3 for panel A; this pattern was
significant at wave 3 only for panel B (the cohort sample). See Table 50 for these results.

When the intervention effect was conditioned on nature views, a similar pattern was found as for nature
visits. There was evidence of a detrimental effect associated with the intervention site participants with
nature views in panel A at wave 2 only, not for wave 3, and no effect was evident in panel B for intervention
site participants with nature views. By contrast, for those without nature views, the detrimental effect was
larger and significant at both waves 2 and 3 and for both panels (see Table 57 for these results).

In summary, the evidence here suggests that factors other than those related to visits to natural
environments appear to be primarily responsible for the differential patterns of stress observed between
intervention and control groups. However, there is some limited evidence that engagement with nature in
the intervention group, particularly with regard to visiting natural environments, may buffer stress levels so
that the rise of stress over time in this group is less pronounced and in one case (panel B) not significant.
However, there is little evidence for this effect in the control group.

Is the intervention associated with changes in the secondary outcomes?

In this section, we present the main findings in relation to changes associated with the intervention to the
secondary outcomes. The aim of this analysis was to explore the different potential pathways underpinning
the relationship between natural environments and mental health.

Analytical approach

Secondary outcomes were assessed mainly via the ITT approach. As noted before, an ITT approach enabled
us to estimate change associated with the WIAT intervention within the intervention arm, relative to the
control arm. Furthermore, as with our primary outcome, all secondary outcome analyses were undertaken
based on both panel A and panel B. Likewise, when it is deemed relevant, the effect size of the
intervention is presented using adjusted predicted means.

Results

Health-related outcomes: physical activity, connectedness to nature and social cohesion
Results can be seen in Table 19. They show the significant changes in participants’ health behaviours
associated with the WIAT intervention programme.

In most of the PA outcomes (e.g. vigorous PA) there was some evidence of an intervention effect. For
example, compared with those living in control sites, levels of moderate activity among intervention site
participants increased by wave 3. This was observed in both the cross-sectional sample (B 249.2, 95% Cl
58.25 t0 440.10; p=10.01) and cohort sample (B 559.3, 95% Cl 211.3 to 907.2; p=0.002). Taking the
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TABLE 19 The WIAT intervention and health-related outcomes: PA, connectedness to nature and social cohesion

Panel A: cross-sectional sample

(1) Vigorous activity® -152.9 (-422.6 t0 116.8) 221.20 (-43.46 to 485.90) 0.03
(2) Moderate activity® —-215.40** (-409.40 to -21.39) 249.20** (58.25 to 440.10) <0.001
(3) Walking activity® 203.3** (36.81 to 369.8) -40.87 (-204.50 to 122.80) 0.01
(4) Overall PA® —-282.4 (-732.1 t0 167.3) 275.2 (-163.2 to 713.5) 0.07
(5) Connectedness to nature® -0.19* (-0.38 to -0.01) 0.39*** (0.20 to 0.57) <0.001
(6) Social cohesion® 0.44*** (0.22 to 0.65) 0.50*** (0.29 to 0.70) <0.001

Panel B: cohort sample

(1) Vigorous activity® 41.24 (-457.4 to 539.9) 382.3 (-87.75 to 852.4) 0.26
(2) Moderate activity® -103.4 (-470.6 to 263.8) 559.3*** (211.3 to 907.2) 0.001
(3) Walking activity® -11.57 (-346 to 322.8) 144.1 (-170.8 to 459) 0.61
(4) Overall PA® —-379.8 (-1185.9 to 426.3) 861.5** (106.5 to 1616.4) 0.02
(5) Connectedness to nature® -0.29 (-0.674 t0 0.102) 0.15 (-0.22 to0 0.51) 0.13
(6) Social cohesion® 0.01 (-0.39 to 0.41) 0.02 (-0.36 t0 0.39) 0.99

*p<0.5 **p<0.01, ***p <0.001.
a Model estimates shown in terms of MET-minutes per week.
b Model estimates shown based on a visual scale ranging between 0 and 7, measuring participants’ sense of
connectedness to nature.
¢ Model estimates shown based on a scale ranging between 3 and 12, capturing participants’ community
collective strength.
Note
Each row in panels A and B reports interaction coefficients of type of site and wave for separate adjusted models.
Multilevel models adjusted for age, gender, life events, social class, education, working status, income coping, access to
car, smoking status, disability, health status, dog ownership, children, distance bands (to local woods: < 150, 151-300,
301-500, 501-750 and 751-1500 m; i.e. five distance bands), site pair, type of site (intervention or control) and wave
of survey.

three PA levels together (vigorous, moderate and walking), intervention site participants appeared, overall,
to be more physically active post social intervention (wave 3), as reported by the cohort sample in adjusted
model (4) of panel B (B 861.5, 95% Cl 106.5 to 1616.4; p=0.025).

Figure 12 shows the adjusted predicted means of the total PA score, computed from the difference
estimates of the adjusted model (4) of the cohort sample in panel B of Table 79. The graph shows an
increase among intervention site participants in the total PA score (measured in terms of MET-minutes per
week) from baseline to the two follow-ups (waves 2 and 3). It is important to note that the predicted
means in the intervention and control sites were almost identical at baseline but that a difference had
emerged by wave 3. Compared with the baseline predicted mean of overall PA of 2081.8, intervention site
participants’ mean PA score by wave 3 was 2727.2, whereas those in the control sites saw mean PA levels
drop to 1886.6 by wave 3 from 2102.7 at baseline. At wave 3, the difference between the two groups
was notable: on average, intervention site participants had a PA score 841 MET-minutes per week higher
than that of the control participants.

Evidence for an intervention effect on the other two health-related outcomes was more mixed. For the

cross-sectional sample (panel A), compared with those in the control sites, intervention site participants felt
relatively less connected to nature at wave 2 than at baseline (B -0.19, 95% Cl -0.38 to -0.01; p =0.044),
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Predicted means of overall PA score for panel B: cohort sample. An increase in the total IPAQ-SF score
denotes higher levels of PA. Controlled for different individual-level characteristics.

but at wave 3 this was essentially reversed, with intervention site participants feeling more connected to
nature than control participants (B 0.39, 95% Cl 0.20 to 0.57; p < 0.001). The pattern was similar but not
significant within the cohort sample (panel B).

With regard to social cohesion, based on the cross-sectional data set [adjusted model (6), panel A], the
intervention site participants reported stronger levels of social cohesion by waves 2 and 3 than the control
site participants (wave 2: B 0.44, 95% Cl 0.22 to 0.65; p < 0.001; wave 3: B 0.5, 95% Cl 0.29 to 0.70;

p < 0.001). However, in the cohort sample (panel B) an intervention effect was not detected (wave 2:

B 0.01, 95% CI-0.39 to 0.41; p=0.98; wave 3: B 0.02, 95% Cl -0.36 to 0.39; p=0.93).

Behaviour outcomes: nature visits, length and frequency of visits to the local woods,