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Addressing the global environmental problems facing our planet requires a significant shift in human behaviour.
Personal experiences with nature are suggested to be a key driver of pro-environmental behaviour. However, the
validity of this idea is uncertain. Using a systematic literature review and meta-analysis, we show that direct
experiences of nature are positively associated with a wide range of positive actions towards the natural envi-
ronment, including recycling, energy conservation, green purchasing, and participating in conservation volun-
teering. Nature experiences were more strongly linked to ‘pro-biodiversity’ behaviours (actions that specifically
focussed on wildlife and habitat conservation) than other general pro-environmental behaviours, although the
difference was statistically marginal. There was no difference in the strength of the association with pro-
environmental behaviour between nature experiences during childhood and those during other times in life.
Adjustment for publication bias did not produce significantly different results. While highlighting a need for
experimental or longitudinal study designs in this area, our results suggest that enhancing people's engagement
with nature can be a valuable strategy for promoting behaviour change that helps address global environmental

issues.

1. Introduction

The planet where we live is facing a grave environmental crisis.
Despite growing efforts to promote sustainability, global environmental
issues such as climate change and biodiversity loss continue to escalate
(Mace et al., 2018; Williams et al., 2020; Stoddard et al., 2021). Tackling
these problems will require more than just technological and gover-
nance approaches. It will necessitate widespread and significant changes
in individual and household behaviour (Steg and Vlek, 2009; Kurisu,
2015; Whitmarsh et al., 2021). Many of the daily activities and lifestyle
choices made by individuals, such as food habits, patterns of con-
sumption of goods and services, and transportation methods, have a
direct or indirect impact on the natural environment (Kurisu, 2015;
Nielsen et al., 2021). Encouraging pro-environmental behaviour (here
we employ this broadly to refer to any behaviour that reduces envi-
ronmental harms and contributes to the protection of the natural envi-
ronment and its associated wild organisms) can therefore be crucial to
addressing many of the environmental problems caused by human ac-
tivities (Maki et al., 2019; Balmford et al., 2021; Nielsen et al., 2021).

As the significance of human behaviour in environmental protection
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becomes increasingly recognised, researchers and governments are
working to identify effective strategies for promoting people's positive
actions towards the natural environment (Byerly et al., 2018; Grilli and
Curtis, 2021; van Valkengoed et al., 2022). Determining the factors that
predict an individual's pro-environmental behaviours is the first step for
achieving this goal; the knowledge gained from this research will pro-
vide key information into what actions need to be taken to increase
motivation and reduce barriers to positive behaviours (Steg and Vlek,
2009; Li et al., 2019). Indeed, many studies have explored this topic, and
a variety of personal factors have been identified as important predictors
of pro-environmental behaviour (Hurst et al., 2013; Mackay and
Schmitt, 2019; Whitburn et al., 2020; Daryanto and Song, 2021; Shipley
and van Riper, 2021).

Direct experiences of nature are thought to be one of the key pre-
dictors of pro-environmental behaviour (Soga and Gaston, 2016; Alcock
et al., 2020; Martin et al., 2020; Molinario et al., 2020; Richardson et al.,
2020; Soga and Gaston, 2022; Soga and Gaston, 2023a). Studies have
shown that those who experience nature frequently are more likely to be
motivated to engage in positive actions towards the natural environment
such as recycling, energy conservation, green purchasing, and
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participating in conservation volunteering (e.g., Cooper et al., 2015;
Rosa et al., 2018; Alcock et al., 2020; Martin et al., 2020; Molinario
et al., 2020). Based on these findings, it is often argued that improving
people's experiences of nature contributes to promoting pro-
environmental behaviours in society, which can have many positive
environmental outcomes (the so-called nature benefit hypothesis; Soga
and Gaston, 2022; Soga and Gaston, 2023a). However, the extent to
which direct experiences of nature are associated with increased pro-
environmental behaviour is unclear. While many studies have
explored the relationship between nature experiences and pro-
environmental behaviour, a quantitative synthesis of this research is
still lacking.

Here, we present the results of a meta-analysis of published research
examining the association between direct experiences of nature and pro-
environmental behaviour. To conduct our meta-analysis, we performed
a systematic review of the literature across fields and collected studies
that tested the relationship between the two variables. We then used a
standardised meta-analytic approach to test whether there is an asso-
ciation between nature experiences and pro-environmental behaviour
across the studies included in our analysis. We also examined whether
the strength of this relationship can vary according to types of nature
experience and pro-environmental behaviour considered.

2. Methods
2.1. Terminology

Building on recent studies on direct experiences of nature (Soga and
Gaston, 2020; Soga and Gaston, 2022), we define such experiences as
sensory contact with living organisms and ecosystems, excluding those
that are not self-sustained (e.g., livestock, and domestic pets). While our
definition excludes interactions with livestock and domestic pets, we
include gardening within the scope of direct nature experiences.
Gardening, in almost all instances, involves close interaction with self-
sustaining organisms, including pollinators, herbivorous insects, gar-
den birds, and weeds. Since our definition covers only direct sensory
interactions with nature, we exclude ‘experiences’ through the media (e.
g., through television, websites). We acknowledge that such ‘virtual’ or
‘vicarious’ experiences of nature can have many positive impacts on
people's pro-environmental attitudes and behaviour (Soga et al., 2016;
Truong and Clayton, 2020; Silk et al., 2021; Ibanez and Roussel, 2022).

According to the commonly accepted definition of pro-
environmental behaviour (Steg and Vlek, 2009; Kurisu, 2015), we
define this as actions undertaken with the intention of reducing envi-
ronmental harms and promoting the protection of the natural environ-
ment and its associated wild organisms. This encompasses a wide range
of actions that individuals and households can take, such as purchasing
eco-friendly products, using sustainable transportation options,
conserving energy and water at home, recycling, reducing meat con-
sumption, donating to conservation organisations, and joining an envi-
ronmental group.

2.2. Search strategy

We performed a systematic literature search following Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Page et al., 2021). We conducted a search of the ISI Web of
Science database on 20 October 2022, using the following key words:
(“pro-environmental behaviour*” OR “pro-environmental behavior*”
OR “pro-biodiversity behaviour*” OR “pro-biodiversity behavior*” OR
“pro-conservation behaviour*” OR “pro-conservation behavior*”) AND
(“nature experience*” OR “nature contact*” OR “nature exposure*”).
The search was restricted to articles published in English, with no re-
strictions on the publication year. We did not include the grey literature.
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2.3. Eligibility criteria

The lead author (MS) screened the identified studies to evaluate their
eligibility. Studies were considered for inclusion if they met the
following criteria: (1) focused on the relationship between direct expe-
riences of nature and pro-environmental behaviour and (2) reported
statistical results that allowed for the calculation of an effect size (e.g.,
correlation coefficients; see the next section). The following were
excluded: (1) studies that did not investigate any variable related to
direct nature experiences and pro-environmental behaviour, (2) studies
that reported insufficient information about the correlation between
nature experiences and pro-environmental behaviour, and (3) non-
quantitative studies. To avoid confounding behaviour with attitudes,
we also excluded studies that measured people's support and willingness
to participate in pro-environmental behaviours and those that combined
behavioural measures into a single scale with items measuring beliefs
and attitudes about pro-environmental behaviour. In addition, we did
not include studies that used the amount of nature in people's living
environment (e.g., greenness of the neighbourhood environment), as it
does not necessarily reflect the amount of nature experience they have.
To minimise the potential for publication bias, studies that reported only
statistically significant results, while excluding non-significant findings,
were also excluded.

2.4. Additional data sources

We screened the reference lists of articles that met our eligibility
criteria as well as those of reviews that focus on the relationship between
connection to nature and pro-environmental attitudes and behaviour
(Soga and Gaston, 2016, 2020; Mackay and Schmitt, 2019; Whitburn
et al., 2020). Additionally, in October 2022, we ran similar queries as
those used in the primary literature search on Google Scholar to identify
relevant articles that may have been missed. We searched using all
possible combinations of the three nature experience terms and six pro-
environmental behaviour terms used in the primary search, and
explored the first 50 hits from each.

2.5. Data extraction

We extracted data about the following study characteristics: first
author's last name, year of publication, sample size, study location, types
of nature experience and pro-environmental behaviour considered (see
Data analysis section), and statistical information needed to calculate
effect size. Nature experience outcomes and pro-environmental behav-
ioural outcomes were determined in accordance with the definition and
research framework employed in each case study. While ‘tree planting’
can be viewed as both a nature experience and a pro-environmental
behavioural outcome, in this analysis we treated it as the former
following Whitburn et al. (2018). We used Pearson's correlation co-
efficients (r) as the primary indicator of effect size. Two case studies
reported only Spearman's correlation coefficients (r;). In these cases, the
Spearman's correlations were converted to Pearson's using the formula:
r = 2%sin (rs n/6) (Pearson, 1907). For the three case studies that re-
ported standardised regression coefficients instead of correlation co-
efficients, we transformed them into correlation coefficients using
Peterson and Brown's (2005) formula. One case study conducted a path-
analysis, and in this case we used the standardised coefficients of the
total effect rather than those of the direct effect. If a single study re-
ported data on more than one outcome regarding nature experience or
pro-environmental behaviour, then we considered each result (hereafter
‘effect size’) independently (see also Data analysis section). Duplicate
results that were derived from repeated analyses (e.g., subgroup anal-
ysis) were ignored to avoid the problem of pseudo-replication.
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2.6. Data analysis

The meta-analysis was conducted with the “metacor” function in the
“meta” package (Schwarzer, 2007) in R version 4.1.2 (R Core Team,
2021).

2.6.1. Overall meta-analysis

We used a random-effects model (instead of applying a less conser-
vative, fixed-effects model) to calculate overall estimates of effect sizes
and 95 % confidence intervals (CIs). To calculate the pooled effect size,
we standardised all the obtained correlation coefficients into z scores
using Fisher's r to z transformation, performed the analyses, and then
transformed z scores back to r. This transformation is often used to ac-
count for the skewness of the distribution of correlation coefficients
(Hedges and Olkin, 1985). In order to account for the possibility of
pseudo-replication derived from using multiple effect sizes from within
case studies, we recalculated the overall effect sizes after sampling one
effect size from each separate case study. The estimated mean and 95 %
CI of effect size were computed by bootstrap resampling 1000 times in R.

2.6.2. Analysis of heterogeneity

Heterogeneity between effect sizes was assessed by the Q test and P
statistic (Higgins et al., 2003). A value of I? up to 25 % was classified as
indicating low heterogeneity, a value of 50 % as indicating moderate
heterogeneity, and a value of >75 % as indicating severe heterogeneity.

2.6.3. Moderator analysis

We sought to determine whether the strength of the association be-
tween direct experiences of nature and pro-environmental behaviour is
explained by the types of nature experience and pro-environmental
behaviour considered. To do this, we classified the effect sizes we
identified into two groups based on the types of nature experience
(‘childhood experiences’ and ‘adult or lifelong experiences’) and pro-
environmental behaviour (‘pro-biodiversity behaviour’ and ‘other pro-
environmental behaviour’). If a case study focussed explicitly on na-
ture experiences during childhood, it was coded as ‘childhood experi-
ences’, and otherwise ‘adult or lifelong experiences’ (note: the latter
included effect sizes that focused on recent or lifetime experiences of
nature). Following Cooper et al. (2015), we considered pro-biodiversity
behaviours as actions that specifically focussed on wildlife and habitat
conservation, such as enhancing private land habitat, supporting con-
servation policy, donating to conservation organisations, and joining an
environmental group. Some effect sizes used a single measure that
included both pro-biodiversity and other general environmental be-
haviours. In this case, if more than half of the items considered were pro-
biodiversity behaviours, we coded the case study as ‘pro-biodiversity
behaviour’, and otherwise ‘other pro-environmental behaviour’. All of
the meta-analytic procedures were the same as those described earlier.
The statistical significance of the moderator variables was evaluated
using the Q statistic.

2.6.4. Publication bias

Publication bias was examined by creating a funnel plot, and Egger's
regression test was conducted to assess funnel plot asymmetry (Egger
et al., 1997). If publication bias was suggested by the funnel plot or
Egger's test, we performed a trim and fill analysis (with the RO esti-
mator) (Duval and Tweedie, 2000). This estimates the number of
missing effect sizes in the original dataset and provides an estimated true
effect size (i.e., an effect size when publication bias is not present). The
trim and fill analysis was performed using the “trimfill” functions of the
“metafor” package in R.
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3. Results
3.1. Overview of included studies

After the literature search, we retrieved 52 effect sizes from 12 case
studies (Table 1; see Table S1 for the detailed information on the effect
sizes analysed). Fig. 1 shows the PRISMA flowchart for the review
process. The 52 effect sizes showed substantial variation in terms of
sample size, study location, and the types of nature experience and pro-
environmental behaviour. The sample sizes ranged from 140 to 24,204
people (mean = 3749.8, SD = 7978.1). Many of the effect sizes came
from studies conducted in North America (n = 26, 47.3 %), followed by
Europe (n = 25, 45.5 %), South America (n = 2, 3.6 %), and Oceania (n
=1, 1.8 %) (Table S1). The included case studies used a wide range of
pro-environmental behavioural outcomes including recycling, litter
reduction, energy conservation, reducing car use, green purchasing, and
private land conservation (Table S1). Similarly, nature experience
measures used by the included studies were heterogeneous, including
visiting urban greenspace, photographing flowers, birdwatching, and
tree planting (Table S1).

3.2. Overall meta-analysis

The forest plot in Fig. 2 shows results of the overall meta-analysis on
the association between direct nature experiences and pro-
environmental behaviours. The analysis revealed a significant and pos-
itive estimated mean correlation of r = 0.20 (95 % CI [0.14, 0.26], p <
0.001) (Fig. 2). In a study by Larson et al. (2011), an outlier effect size of
0.85 was observed (labelled as Larson et al.,, 2011f in Fig. 2 and
Table S1). To assess the stability of our findings, we repeated the anal-
ysis after removing this effect size and recalculated the overall pooled
estimate. The resulting mean effect size was 0.18 (95 % CI [0.14, 0.23],
p < 0.001), which was almost the same as the initial estimate.

After repeated resampling using bootstrap simulation, the overall
effect sizes remained significantly positive (mean = 0.26, SD = 0.04; see
Fig. Sla in the supplementary information). This remained true even
after we removed the outlier effect size (Larson et al., 2011) from the
dataset (mean = 0.25, SD = 0.04; see Fig. S1b). These results suggest
that the reported results would not be biased by pseudo-replication.

3.3. Analysis of heterogeneity

We found significant and high variability across the 52 effect sizes (Q
= 1463.17, p < 0.001; ¥ = 96.5 %). This suggests that there may be
several variables moderating the strength of the relationship between
nature experiences and pro-environmental behaviour.

3.4. Moderator analysis

The strength of the association with pro-environmental behaviour
was almost the same between childhood nature experiences and non-
childhood (adult or lifelong) nature experiences (Table 2). The corre-
lation coefficient between nature experiences and pro-biodiversity
behaviour (r = 0.32) was higher than that between nature experiences
and other pro-environmental behaviours (r = 0.16), although the dif-
ference was not statistically significant (p = 0.08; Table 2).

3.5. Publication bias

Egger's test confirmed that there was no evidence of significant
publication bias (p = 0.16). The funnel plot however suggested a slight
asymmetry among the 52 effect sizes (Fig. 3). A trim and fill analysis
indicated that two effect sizes were missing from our dataset (the white
circles in Fig. 3). However, after adding those missing data to the orig-
inal dataset, the reported significant association between direct experi-
ences of nature and pro-environmental behaviour was intact (mean =
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Table 1
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Summary of articles used in the meta-analysis of the relationship between experiences of nature and pro-environmental behaviour (detailed information on each ‘effect

size’ is shown in Table S1).

Case study Study Number of Nature experience measured Pro-nature behaviour measured Number of effect
location samples sizes generated
Hoover, 2021 Us 140 Abusive outdoor activities; appreciative Citizenship behaviours; conservation behaviours; food related 12
outdoor activities; consumptive outdoor behaviours; transportation related behaviours
activities
Alcock et al., UK 24,204 Nature visits Buying eco-friendly products; buying seasonal or locally grown 7
2020 food; choosing to walk or cycle; encouraging other people to
protect the environment; joining an environmental or
conservation organisation; recycling; volunteering to help care
for the environment
Martin et al., UK 4960 Nature visits Household pro-environmental behaviour; nature conservation 2
2020 pro-environmental behaviour
Molinarioetal.,  Italy 159/151 Extraordinary and ordinary childhood General sustainable seafood choice; pro-environmental 8
2020 nature experiences behavour; sustainable fish species purchase; sustainable fruit
choice
Krepelkova Czech 370 Leisure-time nature experiences; nature Pro-environmental behavour 4
et al., 2020 Republic experiences during childhood and
adulthood; rural nature experiences
Richardson UK 1298 Simple nature activities Pro-environmental behavour 1
et al., 2020
Collado and Spain 413 Contact with nature Pro-environmental behaviour 1
Evans, 2019
Whitburn etal.,  New 423 Tree-planting participation Pro-environmental behaviour 1
2018 Zealand
Rosa et al., Brazil 224 Contact with nature during childhood; Pro-environmental behaviour 2
2018 current contact with nature
Cooper et al., Us 941 Birdwatching; hunting Conservation behaviour; environmental lifestyle behaviour 6
2015
Larson et al., us 319 Outdoor recreation participation Actively participate in an environmental group; read nature, 6
2011 wildlife, or environmental magazines; recycling household
products such as glass, paper, or plastic
Wells and Us 1002 Domesticated nature experiences; wild Pro-environmental behavour 2
Lekies, 2006 nature experiences
=
2
s
.5 Records identified through database search
£ (n=215)
=
S
v
= Additional records identified Records excluded based on title
s through database search | | Records screened 1 and abstract as not relevant to
o and reference lists (n=220) research question
a (n=5) (n=170)
v
> Full-text articles excluded,
% Full-text articles assessed with reasons (n = 38):
> for eligibility > Review articles (2)
b (n=150) Qualitative studies (2)
No pro-environmental behavioural
outcomes (11)
y No nature experience outcomes
3 Studies fitting to eligibility |(1 N .
g criteria and included in the nsufﬂqent mformghon about the
% analysis correlation cc_)efflment between
i= (n=12) nature experiences and pro-

0.17; 95 % CI: 0.10-0.25) and its 95 % CIs largely overlapped with those

Fig. 1. PRISMA flow diagram.

in the primary analysis. This suggests that the effects of publication bias
on the overall results were negligible.

4.1. Key findings

4. Discussion

environmental behaviour (12)

Based on an extensive meta-analysis of 52 effect sizes, we found a
consistent positive association between direct experiences of nature and
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Fig. 2. Forest plot of overall meta-analysis of the relationship between direct experiences of nature and pro-environmental behaviour.

pro-environmental behaviour. Our analysis indicated that individuals
with more personal contact with nature were more likely to engage in
actions that support and protect it. Adjustment for publication bias did
not produce significantly different results, giving us confidence in the
reliability and robustness of our conclusions. It is important to note,
however, that the positive association we uncovered in this study does
not necessarily indicate a causal relationship between direct experiences
of nature and pro-environmental behaviour (see Section 4.2 for more

detailed discussion). As such, some caution is required when interpret-
ing the results.

According to Cohen's (1988) conventional criteria, the overall effect
size of nature experiences on pro-environmental behaviour we found
can be considered small to moderate. However, this does not mean that
nature experiences are unimportant. Indeed, individual behaviour is
generally shaped by numerous personal and situational factors, and thus
it is unlikely that any single factor will have a very large effect. In fact,
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Table 2
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Effect of two moderators (types of nature experience and pro-environmental behaviour) on the relationship between direct experiences of nature and pro-

environmental behaviour.

Subgroups Number of effect sizes Effect size Heterogeneity Between-subgroup difference
Mean 95 % CI
Types of nature experience
Childhood experiences 30 0.20 0.10-0.30 Q =597.49; > =95.1 % Q =0.00; p = 1.00
Adult or lifelong experiences 22 0.20 0.15-0.26 Q=1813.64,F=97.4%
Types of pro-environmental behaviour
Pro-biodiversity behaviour 13 0.32 0.15-0.47 Q =580.91;>=97.9% Q=2.97;p=0.08
Other pro-environmental behaviour 39 0.16 0.12-0.21 Q = 866.49; ?=956%
0.00 — i
@ ©
@)
0.02 —
S ¢}
=
()
- 0.04
©
T
s
3 O (@) @) O
»  0.06
' . O
0.08 — 08@ RN Y )
O C.O)Q @ @
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-1.0 -0.5 0.5 1.0

Fischer’s z transformed correlation

Fig. 3. Funnel plots of effect sizes (n = 52) evaluating the potential publication bias. Measures of effect size (Fischer's z transformed correlation) and study precision
(standard error) are shown on the x- and y-axes, respectively. The filled and open circles represent observed data (52 effect sizes) and data added (two effect sizes) by

the trim-and-fill analysis (see the main text).

the effect size we obtained is similar to that of other personal variables
that have been linked to pro-environmental behaviour through meta-
analyses, such as place attachment (Daryanto and Song, 2021), pride
and guilt (Shipley and van Riper, 2021), and materialistic values (Hurst
et al., 2013). From a broader perspective, the overall effect size between
nature experiences and pro-environmental behaviour is comparable to
the average result reported in social psychology (r = 0.21; Richard et al.,
2003). With this in mind, we recommend that an individual's personal
experiences of nature should be acknowledged as one of the important
factors in predicting pro-environmental behaviour.

It is important to note that the positive correlation between nature
experiences and pro-environmental behaviour was evident across a
broad range of behavioural outcomes, such as recycling, reducing litter,
conserving energy, using public transportation, and purchasing envi-
ronmentally friendly products (Fig. 2). It is possible that not all of the
pro-environmental behaviours we considered can be attributed directly
to nature experiences, and some behaviours may be influenced by
others. Indeed, a recent meta-analysis demonstrated that pro-
environmental behaviours often have positive ‘spill-over effects’,
where adoption of one pro-environmental behaviour leads to partici-
pation in additional actions (Maki et al., 2019). A better understanding
of these spill-over effects would help design more effective behaviour
change interventions that can influence a wide range of positive actions
towards nature. For instance, identifying and promoting ‘core’ pro-
environmental behaviours that drive other positive actions may be an
effective strategy for generating positive environmental outcomes.

It is often argued that nature experiences during childhood are
critical in shaping and reinforcing people's positive beliefs, attitudes,
and behaviours towards nature (Cheng and Monroe, 2012; Rosa et al.,
2018; Molinario et al., 2020; Hoover, 2021). However, the strength of

the association with pro-environmental behaviour was the same be-
tween childhood nature experiences and adult or lifelong nature expe-
riences (Table 2). This finding underscores the need to consider nature
experiences throughout an individual's life course, not just during
childhood, when discussing how to promote pro-environmental behav-
iour. Indeed, recent studies suggest that nature experiences in adulthood
may be just as important in fostering positive perceptions and attitudes
towards nature as those during childhood (e.g., Whitburn et al., 2018;
Cleary et al., 2020). Further empirical research is needed fully to un-
derstand how nature experiences at different stages of life can shape an
individual's pro-environmental attitudes and behaviour.

The correlation coefficient between nature experiences and pro-
biodiversity behaviours (mean r = 0.32) was twice as high as that be-
tween nature experiences and non-pro-biodiversity behaviours (mean r
= 0.16), although the difference was not statistically significant
(Table 2). If a real difference, this could be attributed to two main fac-
tors. First, direct experiences of nature likely increase an individual's
emotional connection to the natural world (Cheng and Monroe, 2012;
Soga and Gaston, 2016; Vanderstock et al., 2022). Pro-biodiversity be-
haviours are actions that specifically target the conservation of ‘nature’
(i.e., wildlife and their habitats), and thus they may be more influenced
by nature experiences than general environmental behaviours. Some of
the latter behaviours, such as conserving energy and water at home, may
be motivated more by economic considerations. Second, it is possible
that adoption of pro-biodiversity behaviour leads to increased direct
experiences of nature. Some of the pro-biodiversity behaviours we
studied (e.g., volunteering for activities that preserve the natural envi-
ronment, enhancing private land habitat) may enhance people's moti-
vation to engage with nature.

The case studies included in our meta-analysis examined a range of
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forms of nature experiences (Table 1). Many of the studies focussed on
experiences that were not directly related to engagement with biodi-
versity, such as visiting greenspace (Rosa et al., 2018; Alcock et al.,
2020), while some examined activities that involved a particular focus
on wild animals and plants (e.g., birdwatching, tree planting) (Cooper
etal., 2015; Whitburn et al., 2019). Additionally, some studies examined
‘ordinary’ nature experiences (Wells and Lekies, 2006; Alcock et al.,
2020; Molinario et al., 2020), while others focussed on experiences that
occurred during leisure time such as hunting and snowmobiling (Cooper
et al., 2015; Hoover, 2021). These differences in the form of nature
experiences may have contributed to forming the observed heteroge-
neity in the effect sizes, but we could not test this idea further due to the
limited number of included studies. Further research could explore how
the association with pro-environmental behaviour can differ among
different forms of nature experiences and what factors influence this
variation.

There are likely several pathways through which direct experiences
with nature can promote pro-environmental behaviours. First, personal
contact with nature, especially at an early age, can strengthen an in-
dividual's emotional affinity to it, which may facilitate their motivation
to adopt pro-nature behaviours (Wells and Lekies, 2006; Cheng and
Monroe, 2012; Whitburn et al., 2020). Second, those who frequently
experience nature are more likely to recognise changes in the condition
of natural environments, and therefore seem more likely to notice
environmental decline in their surroundings (Soga and Gaston, 2018;
Jones et al., 2020). This may, in turn, increase their motivation to
contribute to mitigation efforts against environmental degradation
through behavioural changes. Third, direct experiences with nature
might increase altruistic and pro-social behaviour (Zelenski et al., 2015;
Gaston et al., 2023), which may promote environmentally sustainable
behaviour and decision-making. Of course, the relative importance of
these pathways is likely to vary depending on the type of nature expe-
riences and pro-environmental behaviours. For example, pro-
biodiversity behaviours may be more influenced by the first pathway,
while other general pro-environmental behaviours may be more driven
by the third. A more detailed assessment of individuals' motivations for
engaging in pro-environmental behaviours will provide valuable in-
sights into how these pathways operate.

4.2. Limitations and future research directions

While our meta-analysis shows a consistent positive relationship
between nature experiences and pro-environmental behaviour, this does
not necessarily imply causality. It is possible that increased contact with
nature may lead to greater pro-environmental behaviour, but it is also
possible that individuals who engage in more pro-environmental
behaviour develop a stronger motivation to experience nature. This
may, as mentioned earlier, be especially true for pro-biodiversity
behaviour. However, previous studies that used pre/post testing de-
signs have found that participating in nature-based activities, such as
eco-tourism or a summer camp, increases people's intention to engage in
pro-environmental behaviour (e.g., Collado et al., 2013; Hoberg et al.,
2021). This implies that there is likely a causal relationship between
nature experiences and pro-environmental behaviour, although inten-
tion does not always translate into action (i.e., the intention-behaviour
gap; Rhodes and de Bruijn, 2013). To further understand this relation-
ship, it would be helpful to conduct experimental studies to examine
how nature experiences alter people's beliefs and attitudes towards na-
ture and how these psychological changes in the long term will be re-
flected in their behaviour.

The majority of the case studies included in our analysis relied on
self-reported data to measure the levels of nature experiences and of pro-
environmental behaviour. While self-reported data can be convenient
and allow for large sample sizes, it also has several limitations. One such
is that self-reported data may be subject to social desirability bias, where
individuals present themselves in a more favourable light, leading to
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over-reporting of positive actions (Wheeler et al., 2019). Additionally,
the use of retrospective questions, which are often used to measure
levels of nature experiences during childhood, may result in recall bias,
where individuals are unable accurately to remember the details of their
past activities. To address these limitations, we suggest that future
research employs more objective methods to measure people's levels of
nature experiences and pro-environmental behaviour.

Although environmental sustainability is a global issue, the majority
of the case studies included in this analysis came from Western countries
(Table 1), likely influenced, at least in part, by our literature search
specifically targeting English-language articles. This significant
geographic bias in the case studies limits our ability to generalise more
widely from our findings, because people's experiences of nature and
their views of it are likely influenced by cultural, socioeconomic, and
environmental settings (Kellert, 1993; Lindemann-Matthies et al.,
2014). However, several recent studies conducted outside the European
context have suggested that nature experiences can indeed have a pos-
itive impact on people's positive perceptions, attitudes, and behaviour
towards nature (see Zhang et al., 2014; Soga et al., 2016; Rosa et al.,
2018). Future research should seek to gather findings from non-
European countries, particularly from low-income countries in the
Global South, and test for the relationship between nature experiences
and pro-environmental behaviour.

5. Conclusions

Our meta-analysis demonstrates, based on available evidence, the
existence of a positive relationship between direct experiences of nature
and pro-environmental behaviour, and highlights key areas where
future research should focus more effort. While there is a need for
broadening the kinds of studies in this area, moving beyond cross-
sectional approaches, the results support the idea that pro-
environmental behaviours can be facilitated by enhancing people's
engagement with nature. Indeed, the breadth of the positive association
between nature experiences and pro-environmental behaviours our an-
alyses reveal suggests that interventions aimed at increasing personal
interactions with nature may contribute, at least partly, to facilitating
behaviour change that helps address various major environmental issues
we face today, such as climate change, water scarcity, ecosystem
degradation, and species extinction.

With these considerations in mind, we recommend that policymakers
and practitioners pay more attention to the potential role of nature ex-
periences in motivating positive actions towards the natural environ-
ment. This seems particularly important in a time when direct
experiences of nature are progressively diminishing in many parts of the
world (Soga and Gaston, 2023b). Indeed, our results imply that the
ongoing 'extinction of experience' could be one of the fundamental
barriers to mitigating global environmental degradation (Soga and
Gaston, 2016). Of course, enhancing nature experiences is not a silver
bullet solution for the promotion of pro-environmental behaviour.
However, it can be easily applied in conjunction with existing strategies
and actions such as environmental education (Lawson et al., 2019;
Ardoin et al., 2020) and social marketing (Green et al., 2019). Moreover,
considering that nature experiences can be accessible even in urban
settings, this approach remains practical and relevant in our rapidly
urbanising world. Furthermore, given the wide range of health and
wellbeing benefits derived from direct experiences of nature, such an
approach would provide a better outcome not only for nature but also
for humans (Soga and Gaston, 2022).
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