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• We reviewed changes in human-nature 
connectedness linked to 6 environ-
mental activities.

• Human-nature connectedness increased 
most after mindfulness and wildlife 
encounters.

• Human-nature connectedness increased 
most after activities carried out over 2–7 
days.

• Changes in human-nature connected-
ness did not vary between adults and 
children.

• Activities facilitated by conservation 
organisations foster human-nature 
connectedness.
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A B S T R A C T

Conservationists recognize the importance of human-nature connectedness, which refers to a person’s subjective 
perception of their relationship with the natural world. People with higher human-nature connectedness have 
greater support for pro-environmental and pro-nature conservation behaviours, as well as higher wellbeing. 
Fostering greater human-nature connectedness through activities that environmental organisations facilitate can 
therefore help to inspire people to support conservation efforts. However, we currently have a limited under-
standing of which activities increase human-nature connectedness. In this study, we address this knowledge gap 
by conducting a systematic review and meta-analysis, to assess the changes in human-nature connectedness 
associated with participating in environmental activities conducted in green and blue spaces including zoos, 
aquariums, parks, gardens, nature reserves, and similar places. Our initial searches found 356 studies, which 
through detailed screening were reduced to 43 studies that contained relevant information. These 43 studies 
yielded 123 estimates of changes in human-nature connectedness in response to participants undertaking one of 
six environmental activities: encounters with captive or wild animals, educational activities, opportunities for 
nature-based recreation, gardening and habitat management activities, and mindfulness activities. Our modelling 
showed that all six activity types were associated with increases in human-nature connectedness. Changes in 
human-nature connectedness were highest for mindfulness and wildlife encounters, whilst being lowest for 
gardening. Among the six activity types, mindfulness and wildlife encounter activities both led to a statistically 
significantly greater increase in human-nature connectedness than either captive animal encounters or 
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recreation. Medium duration activities (i.e. those carried out over 2–7 days) led to greater increases in human- 
nature connectedness compared with activities conducted over long durations (>7 days), but not short durations 
(≤1 day). Changes in human-nature connectedness did not vary between adults and children. Our meta-analysis 
provides evidence that the types of activities facilitated by conservation organisations help to foster increased 
human-nature connectedness.

Introduction

In recent years, conservation organisations have begun to recognize 
the importance of human-nature connectedness, a multi-dimensional 
concept linked to a person’s perception of their relationship with the 
natural world (Martin et al., 2020); such connections can be material, 
experiential, cognitive, emotional, and philosophical (Ives et al., 2018). 
This concept is also known by a range of other terms, including nature 
connection, nature connectedness, and nature relatedness (e.g. Nisbet 
et al., 2009; Lumber et al., 2017; Brambilla et al., 2024). No single 
formal definition of human-nature connectedness is accepted by all re-
searchers, and so a plurality of ideas and definitions exist in the litera-
ture. As an example, Zylstra et al. (2014, p.126) offer a 
multi-dimensional definition of human-nature connectedness as "a sta-
ble state of consciousness comprising symbiotic cognitive, affective, and 
experiential traits that reflect, through consistent attitudes and behav-
iors, a sustained awareness of the interrelatedness between one’s self 
and the rest of nature". Alternatively, Salazar et al. (2021, p.2) define 
human-nature connectedness as "the way people identify with these 
landscapes and the relationships they form with the elements in those 
environments". It is clear that human-nature connectedness can 
encompass a range of linked concepts, such as emotional affinity toward 
nature (including experiences of awe and concern for nature), inclusion 
of nature in self (i.e. a person’s perception of the distinction between 
nature and self), and connectedness with nature (i.e. the extent to which 
a person feels a part of nature) (Tam, 2013; Salazar et al., 2021).

A rapidly growing body of research has demonstrated that higher 
levels of human-nature connectedness among people are associated with 
greater pro-environmental and pro-nature conservation behaviours, as 
well as improved physical and mental health and wellbeing (Arendt and 
Matthes, 2016; Martin et al., 2020; Whitburn et al., 2020; Barra-
gan-Jason et al., 2022, 2023). Connecting people with nature and people 
acting to protect nature can be mutually reinforcing (Chawla, 2020). 
Fostering greater human-nature connectedness through activities that 
conservation organisations facilitate can therefore play a role in helping 
to inspire people to support conservation efforts (Barragan-Jason et al., 
2023).

Conservation organisations have opportunities to influence the 
human-nature connectedness of their supporters, which could benefit 
conservation work by increasing the pro-environmental and pro-nature 
conservation attitudes of their supporters (Restall and Conrad, 2015; 
Mackay and Schmitt, 2019). Research has shown that contact with na-
ture is an important mediator of the link between human-nature 
connectedness and the resulting benefits to wellbeing and 
pro-environmental and conservation attitudes and behaviours (Lumber 
et al., 2017; Richardson et al., 2020; Liu et al., 2022; Barragan-Jason 
et al., 2022, 2023). Zoos, aquaria, nature reserves and other green and 
blue spaces provide opportunities to foster a connection to nature, 
through activities which facilitate contact with nature, including en-
counters with captive or wild animals, educational activities, opportu-
nities for nature-based recreation, gardening and habitat management 
activities, and mindfulness activities (Miller et al., 2004; Wyles et al., 
2019; Reeves et al., 2021; Rose and Riley, 2023). Many such activities 
are specifically offered to children (Barrable and Booth, 2020; Keith 
et al., 2022), as human-nature connectedness is a strong predictor of 
pro-environmental behaviours among children (Otto and Pensini, 

2017).
Experimental studies have found that engaging in certain environ-

mental activities can increase participant’s connection with nature 
(Lumber et al., 2017; Pennisi et al., 2017; Hatty et al., 2022; Kleespies 
et al., 2022; Low et al., 2024), whilst other experimental studies have 
either not detected such changes or reported mixed results (e.g. Klees-
pies et al., 2020; Henson et al., 2023; Whitburn et al., 2023). Given these 
mixed results, previous work has called for research to examine the 
effectiveness of a wider range of nature engagement activities in 
fostering human-nature connectedness (e.g. Sheffield et al., 2022). 
Numerous variables could influence the capacity of environmental ac-
tivities to foster a change in human-nature connectedness among par-
ticipants; for example, previous evidence has suggested that different 
environmental activities may vary in their capacity to foster a change in 
a person’s connection with nature (Martin et al., 2020; Barragan-Jason 
et al., 2022; Hatty et al., 2022). For example, a recent meta-analysis by 
Barragan-Jason et al. (2022) found that nature-based mindfulness and 
direct contact with nature were more effective than outdoor environ-
mental education, virtual nature, or indoor environmental education, in 
increasing human-nature connectedness. Similarly, the age of the par-
ticipants may modulate any change in human-nature connectedness (e. 
g. Braun and Dierkes, 2017; Hughes et al., 2019), as shown in two 
developmental cross-sectional studies by Richardson et al. (2019) and 
Barragan-Jason et al. (2025), as well as a longitudinal study assessing 
children by Otto et al. (2019). For example, Hammond (2020) reported 
that feeding wild birds resulted in an increase in human-nature 
connectedness among parents but not their children. To date, there-
fore, we have a limited understanding about the extent to which 
different activities might affect human-nature connectedness. To further 
our understanding of the conditions under which human-nature 
connectedness can be increased through different environmental activ-
ities, there is a need to synthesise the currently available evidence 
through systematic review and meta-analysis.

In this study we conducted a systematic review and meta-analysis to 
assess the changes in human-nature connectedness associated with 
participating in environmental activities conducted in green and blue 
spaces including zoos, aquariums, parks, gardens, nature reserves, and 
similar places. Building on previous research that has shown that 
engaging in environmental activities can increase human-nature 
connectedness (Barragan-Jason et al., 2022; Sheffield et al., 2022), we 
addressed the following two key questions: 

(i) What is the relative effectiveness of different types of environ-
mental activities in increasing human-nature connectedness?

(ii) What covariates (e.g. participant age, activity duration) influence 
the magnitude of the change in human-nature connectedness 
associated with participating in an environmental activity?

Methods

Literature searches

To provide a transparency and repeatable methodology for our 
study, we followed the Preferred Reporting Items for Systematic reviews 
and Meta-Analyses (PRISMA; Page et al., 2021) flow diagram (Fig. 1) 
and checklist (Supplementary information 1).

K.A. Wood et al.                                                                                                                                                                                                                                Perspectives in Ecology and Conservation 23 (2025) 219–230 

220 



Previous research has highlighted that the literature on human- 
nature connectedness spans multiple research fields, including envi-
ronmental psychology, nature conservation, and sustainability (Zylstra 
et al., 2014; Ives et al., 2017). To find relevant articles across these 
different disciplines, we conducted our literature searches in Web of 
Science Core Collection (http://webofknowledge.com/WOS) and Sco-
pus (https://www.scopus.com/), both of which are multidisciplinary in 
terms of the articles that they index (Gusenbauer and Haddaway, 2020). 
We then supplemented our initial searches with a ‘snowballing’ 

approach (described below). In this way, we attempted to achieve good 
coverage in our searches whilst keeping the study tractable (i.e. avoiding 
generating large numbers of irrelevant results that would have been 

time consuming to screen). Our searches were conducted on 1st October 
2024. We used the following search string: 

“nature connection” OR “nature connectedness” OR “connection to 
nature” OR “connectedness to nature” OR “connection with nature” 

OR “connectedness with nature” AND "zoo*" OR "aquari*" OR "park" 
OR "reserve" OR "arboret*" OR "garden"
In addition to our searches in Scopus and Web of Science, we also 

checked reference lists of all studies that were found to include relevant 
information (a process known as ‘snowballing’ or ‘citation chaining’), to 
increase our likelihood of locating any relevant articles that may not 
have been included in our initial search results (Côté et al., 2013). Any 

Fig. 1. A summary of our literature search results and subsequent screening process, indicating the numbers of papers processed at each stage.
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article listed in a reference list, which appeared to potentially meet our 
relevance criteria, was added to our search results and was processed 
with the results from the two online search tools. Finally, we combined 
our search results from Scopus, Web of Science, and the snowballing 
exercise, and removed any duplicate articles.

Screening and inclusion criteria

One coauthor screened all articles to assess their suitability for in-
clusion in our meta-analysis. To meet our inclusion criteria we required 
studies to have used an experimental approach to measure how human- 
nature connectedness changed in response to an environmental activity. 
By experimental, we mean for example, studies which compared peo-
ples’ connection with nature before and after they had encountered 
captive animals at a zoo, or compared human-nature connectedness 
between one group which had undertaken an activity and a second 
group that had not; such experimental approaches are commonly used to 
assess changes in human-nature connectedness (Camacho-Guzmán 
et al., 2023). To increase the robustness of our findings, we further 
required that studies had measured human-nature connectedness on a 
defined scale, such as the Connectedness to Nature Scale (CNS; Mayer 
and Frantz, 2004), Inclusion of Nature in Self scale (INS; Schultz, 2001), 
Nature Relatedness Scale (NRS; Nisbet et al., 2009), and the Connection 
to Nature Index (CNI; Cheng and Monroe, 2012). However, similar to 
Ives et al. (2017) we did not select studies based on a strict fixed defi-
nition of human-nature connectedness or its measurement, but instead 
we were guided by whether a study addressed human-nature connect-
edness, regardless of the specific conceptual basis or measurement scale 
that was used. We included studies conducted in a green or blue space 
including zoos, aquariums, parks, gardens, nature reserves, and similar 
places. However, studies conducted in virtual spaces (e.g. Leung et al., 
2022; Calogiuri et al., 2023) were considered to be outside of the scope 
of our study, especially given that the role of virtual environments in 
fostering human-nature connectedness has already been assessed by two 
recent systematic reviews and meta-analyses (Barragan-Jason et al., 
2022; Brambilla et al., 2024). Studies that were restricted to indoor 
activities only (Lankenau, 2018) were also outside of the scope of our 
study. Any studies that met these inclusion criteria were deemed to be 
relevant and were included in our review. Whilst we searched using 
keywords in English, we screened results regardless of language, using 
Google Translate to translate articles written in languages other than 
English. Article screening was conducted in three stages (Fig. 1). In stage 
one, articles were screened by title only. At stage two, articles were 
screened by their abstract only. Finally, in stage three articles were 
screened based on their full text. At each stage, any article that was 
assessed to not meet our inclusion criteria was excluded from our list of 
articles and was not considered further.

Data extraction

From each relevant study, the mean, standard deviation (SD), and 
sample size (n) associated with each estimate of human-nature 
connectedness were extracted. In addition, information on the 
following variables was collected, which we predicted could influence 
the change in human-nature connectedness (as per our first key 
question): 

a) Activity type: the type of activity (e.g. captive animal encounter) 
associated with the change in human-nature connectedness. Activ-
ities were assigned to one of six major types: (i) Encounters with 
captive animals, which comprised observational or physical in-
teractions with captive animals during visits to zoos, aquariums or 
similar institutes. (ii) Encounters with wildlife, which comprised 
observational or physical interactions with free-living animals in any 
blue or green space, for example bird watching or feeding; (iii) 
Educational activities, which represent formal learning opportunities 

associated with nature, such as taught courses in natural history; (iv) 
Gardening, which comprised activities related to tending and culti-
vating green spaces, such as involvement in community garden 
projects; (v) Mindfulness activities, which involve a focus on 
awareness of our thoughts, feelings, and surrounding environment, 
centred in the present, for example forest bathing or meditation ac-
tivities; (vi) Recreation, which comprised leisure activities such as 
walking or camping in any green or blue area. We drew on the in-
formation provided by the original studies on the primary purpose of 
each activity to determine which category it should be assigned to. 
As our work focused on experimental studies, we encountered no 
‘edge cases’, as the original authors had designed their interventions 
to test the effectiveness of specific types of activity. We expected that 
not all activities would provide the same change in human-nature 
connectedness, as per our second key question (Martin et al., 2020).

b) Age group: were the people undertaking the activity adults or chil-
dren (i.e. < 18 years old)? We wanted to test the idea that adults and 
children might respond differently in terms of their change in 
human-nature connectedness, as some earlier research has suggested 
(e.g. Hughes et al., 2019; Hammond, 2020).

c) Activity duration: the period over which the activity associated with 
the change in human-nature connectedness occurred; we classified 
this as either “short” (≤ 1 day), “medium” (2–7 days), or “long” (>7 
days). This allowed us to test whether longer or shorter activities 
were associated with a greater/lesser change in human-nature 
connectedness.

All data were extracted by the same coauthor to minimise bias (i.e., 
due to differences in data extraction procedures amongst multiple in-
dividuals; Curtis et al., 2013). Studies were not included unless all 
required data was reported and could be extracted. We calculated the 
standardized mean difference between each pair of mean nature 
connection values reported in each study (i.e. before and after values, 
control and intervention values). As our measure of standardized mean 
difference, we used Hedges’ g, which is not sensitive to unequal sam-
pling variances and is effective even for small sample sizes (Hedges, 
1981; Rosenberg and Rothstein, 2013). We calculated Hedges’ g, along 
with its 95% confidence interval, and a weighting factor based on the 
inverse of the variance, using the esc package in R version 4.4.0 
(Lüdecke, 2022; R Core Team, 2024); further details of the formulae 
used in these calculations is given by Wilson (2017).

Data analysis

To address our key questions, we fitted linear mixed effects models 
with Gaussian error structures, using the glmmTMB and MuMIn packages 
(Bartoń, 2012; Brooks et al., 2017) in R, with model assumptions 
checked using the performance package (Lüdecke et al., 2021). The 
changes in human-nature connectedness reported by each study (i.e. the 
values of Hedges’ g) were modelled as the response variable. We tested 
additive effects of environmental activity type, age group, and activity 
duration as our three covariates, as well as a two-way interaction be-
tween activity type and age group. It was not possible to fit any other 
interactions between the other variables due to high collinearity (Vari-
ance Inflation Factor >10; Dormann et al., 2013).

We compared the performance among our candidate models using 
second-order Akaike’s Information Criteria (AICc) associated with each 
model. All models with an AICc value within 2.0 of the lowest value were 
considered to be competitive (Burnham et al., 2011). However, models 
were not considered competitive if they contained an ‘uninformative 
variable’, i.e., a variable which increased the AICc value of a model 
relative to an otherwise identical model which lacked that covariate 
(Arnold, 2010). The marginal R2 and conditional R2 values for each 
model represented the proportion of variance explained by the fixed 
effects alone, and by both the fixed and random effects, respectively. 
Tukey’s HSD post-hoc differences among different levels of each 
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categorical variable were determined using the emmeans package (Lenth 
et al., 2019).

Across many scientific fields there is a well-known issue of prefer-
ential publication of positive findings (Wood, 2020). To examine how 
such publication bias may have affected our dataset, we assessed the 
relationship between the Hedges’ g and standard error values from each 
study, using a visual assessment (via a funnel plot; Sterne et al., 2011) 
and a regression test, using the metafor package (Viechtbauer, 2010). 
More specifically, the regression test examined whether the relationship 
between changes in human-nature connectedness and standard error 
differed significantly from a random pattern (Sterne et al., 2011).

Results

Literature searches, screening, and data extraction

Our initial searches found a total of 357 studies (Fig. 1). Following 
our screening process, we identified a total of 43 relevant studies, which 
yielded 123 estimates of changes in human-nature connectedness 
(Fig. 1). Of the 43 studies, only 4 reported follow up estimates of the 
change in human-nature connectedness. These studies were published 
between 2008 and 2024 (Fig. 2). Most studies were conducted in Europe 
and North America, with the UK and USA each accounting for 11 studies 
(Fig. 3). However, smaller numbers of studies were found for other 
continents, including Asia (Singapore, South Korea, and Taiwan), Africa 
(Uganda), and Oceania (Australia and New Zealand) (Fig. 3). Among the 
43 relevant studies, a total of 11 different scales were used to measure 
human-nature connectedness (Supplementary information 2). We found 
that the most frequently used scales to measure human-nature 
connectedness among the studies included in our meta-analysis were 
the Connectedness to Nature Scale (CNS; 13 studies), Inclusion of Nature 
in Self scale (INS; 12 studies), Nature Relatedness Scale (NRS; 8 studies), 
and Connection to Nature Index (CNI; 4 studies); no other scale was used 
in more than 2 studies (Supplementary information 2). Short, medium, 
and long activities accounted for 58, 14, and 51 data points, 
respectively.

Models of human-nature connectedness

Of the 10 candidate models that we compared, the model with the 
lowest AICc was the one in which the variation in changes in human- 
nature connectedness were explained by the activity type and activity 

duration (Table 1). Based on the estimated R2 values, this model 
accounted for 83% of the variance in the changes in human-nature 
connectedness, with the fixed effects (activity type and activity dura-
tion) accounting for 29% of the variance (Table 1). Only one other 
model had an AICc value within 2.0 of the lowest AICc model, a model 
comprised of additive effects of all three variables: activity type, age 
group, and activity duration (Table 1). However, as the inclusion of the 
age group variable made this a more complex version of the first model, 
but resulted in an increase in the AICc value, we consider age group to be 
an uninformative variable in this case, and so we did not consider this 
model further. Accordingly, we based our inferences on the model with 
the lowest AICc value, in which the variation in changes in human- 
nature connectedness was explained by the activity type and activity 
duration (Table 2).

The mean estimates of the changes in human-nature connectedness 
associated with our best-supported model were highest for mindfulness 
(mean = 0.69, 95% CI = 0.55–0.84) and wildlife encounters (mean =
0.67, 95% CI = 0.51–0.82), whilst being lowest for gardening (mean =
0.21, 95% CI = −0.28–0.70) (Table 3; Fig. 4). Our post-hoc testing 
indicated that mindfulness activities were associated with a significantly 
greater increase in human-nature connectedness than either captive 
animal encounters or recreation (Table 4). Similarly, wildlife encounters 
were also associated with a significantly greater increase in human- 
nature connectedness than either captive animal encounters or recrea-
tion (Table 4). No other statistically significant differences between 
activity types were detected. Our post-hoc comparisons of different ac-
tivity durations showed that medium duration activities were associated 
with significantly greater increases in human-nature connectedness than 
long duration activities (Table 4). However, there were no statistically 
significant differences in the changes in human-nature connectedness 
between long and short duration activities, or between medium and 
short duration activities (Table 4).

Funnel plot asymmetry

A regression test for funnel plot asymmetry indicated a significant 
relationship between Hedges’ g and standard error values (z = 3.33, P <
0.001), such that lower Hedges’ g values were more likely to be asso-
ciated with lower standard error values. Visual inspection of the funnel 
plot (Fig. 5) also suggested asymmetry, with a strong clustering of data 
points with low Hedges’ g and SE values, but few corresponding data 
points at higher Hedges’ g values (Fig. 5).

Fig. 2. The temporal trend in the cumulative number of relevant studies identified in our review.
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Fig. 3. A global map showing the numbers of studies conducted in each country. Grey colouration indicates no studies available.

Table 1 
A comparison of our 10 candidate models of the changes in human-nature connectedness. AICc = second order Akaike’s Information Criteria, RL = relative likelihood, 
df = degrees of freedom. R2m and R2c refer to the marginal and conditional R2 values, respectively.

Model df AICc ΔAICc RL Akaike weights Evidence ratio R2m R2c

Activity type + Activity duration 10 −2450.00 0.00 1.00 0.63 1.00 0.289 0.827
Activity type + Age group + Activity duration 11 −2448.64 1.36 0.51 0.32 1.98 0.278 0.825
Activity type + Age group + Activity duration + (Activity type: Age group) 14 −2445.01 5.00 0.08 0.05 12.15 0.326 0.826
Activity duration 5 −2378.15 71.85 0.00 0.00 4.00⋅1015 0.152 0.764
Age group + Activity duration 6 −2376.75 73.25 0.00 0.00 8.07⋅1015 0.141 0.763
Activity type 8 −2351.74 98.26 0.00 0.00 2.17⋅1021 0.164 0.807
Activity type + Age group 9 −2350.09 99.91 0.00 0.00 4.95⋅1021 0.162 0.808
Activity type + Age group + (Activity type: Age group) 12 −2347.85 102.15 0.00 0.00 1.52⋅1022 0.198 0.800
null 3 −2284.94 165.06 0.00 0.00 6.94⋅1035 0.000 0.720
Age group 4 −2283.39 166.61 0.00 0.00 1.51⋅1036 0.006 0.723

Table 2 
The estimated values of each of the variables included in our best-supported 
model of the changes in human-nature connectedness.

Effect 
type

Variable Level Estimate SE Variance SD

Fixed Intercept 0.041 0.101 – –

Activity 
type

Mindfulness 0.411 0.048 – –

Wildlife 0.385 0.064
Gardening −0.074 0.264 – –

Education 0.073 0.158 – –

Recreation −0.004 0.009 – –

Activity 
duration

Medium 0.483 0.048 – –

Short 0.236 0.118 – –

Random Study.ID – – 0.119 0.345
Residual – – 0.038 0.196

Table 3 
The estimated mean values for each level of the categorical variables included in 
our best-supported model of the changes in human-nature connectedness.

Variable Level Mean SE df lower. 
CL

upper. 
CL

Activity 
type

Mindfulness 0.692 0.072 113 0.549 0.835

Wildlife 
encounter

0.666 0.078 113 0.512 0.820

Educational 0.354 0.133 113 0.091 0.617
Captive animal 
encounter

0.281 0.075 113 0.132 0.430

Recreation 0.277 0.075 113 0.129 0.425
Gardening 0.207 0.248 113 −0.284 0.698

Activity 
duration

Medium 0.656 0.085 113 0.487 0.825

Short 0.409 0.090 113 0.231 0.587
Long 0.173 0.081 113 0.012 0.334
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Discussion

Environmental activities and human-nature connectedness

We carried out a systematic review and meta-analysis to estimate the 
changes in human-nature connectedness associated with the types of 
environmental activities that are frequently facilitated by conservation 
organisations. All six of the activity types considered in our study had 
mean positive changes in human-nature connectedness. Notably, the 
mean increases for all activity types, which ranged between 0.21 for 
gardening and 0.69 for mindfulness, were typically larger than the in-
creases documented previously for virtual activities associated with 
nature, such as 0.12 by Barragan-Jason et al. (2022) and 0.26 by 
Brambilla et al. (2024), suggesting that in-person experiences of nature 
provide an important boost to increases in human-nature connectedness. 
Our work has built on previous reviews and meta-analyses (e.g. Sheffield 
et al., 2022) by providing evidence of the effectiveness of a wider range 
of environmental activities for both adults and children, whilst 

improving our understanding of factors that lead to increases in 
human-nature connectedness.

As expected, we found that different activity types varied in their 
effectiveness in increasing levels of human-nature connectedness. 
Mindfulness and encounters with wildlife provided the greatest in-
creases in human-nature connectedness, with mean increases of 0.69 
and 0.67 respectively, corresponding to medium-to-large effects, based 
on the thresholds for the interpretation of standardized mean differences 
such as Hedges’ g (0.0 for no effect, 0.2 for a small effect, 0.5 for a 
medium effect, and 0.8 for a large effect; Rosenberg and Rothstein, 
2013). As such, our results support previous research that has docu-
mented a strong link between mindfulness and human-nature connect-
edness (Howell et al., 2011; Schutte and Malouff, 2018; Barragan-Jason 
et al., 2022). As an example, the increase of 0.69 for mindfulness was 
larger than the 0.34 reported previously for mindfulness activities in 
nature (Barragan-Jason et al., 2022). Human-nature connectedness was 
increased more by encounters with wildlife than with captive animals. 
Whilst zoos and aquaria design exhibits carefully to provide encounters 

Fig. 4. The mean and 95% CI estimates of the changes in human-nature connectedness associated with different environmental activities (as well as the overall mean 
for all activities), based on our best-supported model. The values of n indicate the number of data points that each estimate is based on. The solid vertical reference 
line indicates no effect.

Table 4 
A summary of the statistical comparisons between different activity types and between different activity durations. Statistically significant differences are shown in 
bold.

Variable Contrast estimate SE df t ratio p value
Activity type Gardening - Mindfulness −0.486 0.263 113 −1.845 0.441

Gardening - Wildlife encounter −0.459 0.265 113 −1.736 0.511
Mindfulness - Recreation 0.416 0.047 113 8.801 <0.001
Captive animal encounter - Mindfulness ¡0.411 0.048 113 ¡8.550 <0.001
Recreation - Wildlife encounter ¡0.389 0.063 113 ¡6.137 <0.001
Captive animal encounter - Wildlife encounter ¡0.385 0.064 113 ¡6.007 <0.001
Educational - Mindfulness −0.338 0.156 113 −2.174 0.258
Educational - Wildlife encounter −0.312 0.158 113 −1.974 0.364
Educational - Gardening 0.147 0.278 113 0.529 0.995
Educational - Recreation 0.077 0.157 113 0.491 0.996
Captive animal encounter - Gardening 0.074 0.264 113 0.281 1.000
Captive animal encounter - Educational −0.073 0.158 113 −0.463 0.997
Gardening - Recreation −0.070 0.264 113 −0.265 1.000
Mindfulness - Wildlife encounter 0.026 0.043 113 0.611 0.990
Captive animal encounter - Recreation 0.004 0.009 113 0.447 0.998

Activity duration Long - Medium ¡0.483 0.048 113 ¡10.149 <0.001
Medium - Short 0.247 0.121 113 2.041 0.107
Long - Short −0.236 0.118 113 −2.002 0.116
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with captive animals, encounters with wildlife are more spontaneous 
and unpredictable, which may account for the greater increases in na-
ture connectedness associated with wildlife encounters. Indeed, previ-
ous research has linked encounters with wildlife with feelings of awe 
and wonder, which may boost human-nature connectedness (Cameron 
et al., 2020; Hicks and Stewart, 2020; White et al., 2023). Moreover, 
mindfulness and wildlife encounters might be particularly effective at 
increasing human-nature connectedness because both activities involve 
the participant being among nature, rather than dominant over it. 
Hence, these activities may promote feelings of interconnectedness and 
of being a part of a shared community with nature (Barragan-Jason 
et al., 2022). As such, these activities are likely to enhance feelings that 
accord with the ‘land ethic’ of Leopold (1949) of “land as a community 
to which we belong”. It might be possible to further enhance the in-
creases in human-nature connectedness of other activity types by 
incorporating some of the elements of mindfulness and wildlife en-
counters. For example, by encouraging wildlife into gardens through 
habitat creation, it could be possible to facilitate unexpected encounters 
with wildlife during gardening activities, resulting in moments of awe 
and wonder that enhance human-nature connectedness.

Education and recreation activities were also associated with small- 
to-medium increases in human-nature connectedness, with mean in-
creases of 0.35 and 0.28, respectively. Our values for educational ac-
tivities were higher than the 0.10 reported for environmental activities 
in nature by an earlier systematic review and meta-analysis by Barra-
gan-Jason et al. (2022).

Gardening activities were associated with the smallest increase in 
human-nature connectedness; the mean increase of 0.21 associated with 
gardening only just meeting the threshold for a small effect (Rosenberg 
and Rothstein, 2013), although the wide confidence interval limited our 
ability to draw conclusions about the effectiveness of gardening in 
fostering human-nature connectedness. Previous research by Hatty et al. 
(2022) has shown that participants in environmental activities have 
relatively high exposure to garden-related activities, with 76% of re-
spondents spent time in nature within a garden at least fortnightly. High 
levels of prior exposure might therefore limit the impact of further 
gardening activities on human-nature connectedness.

Explaining variations in human-nature connectedness

Our meta-analysis indicated that the duration of an environmental 
activity had an influence on the resulting change in human-nature 
connectedness. We found evidence that activities with medium dura-
tion (i.e. those carried out over 2–7 days) led to greater increases in 
human-nature connectedness than activities conducted over long (>7 
days) durations. However, no differences could be detected between 
medium and short (≤1 day) duration activities, or between long and 
short duration activities. Our findings suggest that increasing the 
duration of an environmental activity does not provide a linear increase 
or decrease in human-nature connectedness, but rather that the rela-
tionship between activity duration and human-nature connectedness is 
more complex. As such, our findings accord with the "moments, not 
minutes" concept (Richardson et al., 2021), which highlights that 
engagement with nature through brief but focused experiences is more 
important in fostering connection and wellbeing, than the total time 
spent in nature. The differences in the changes in human-nature 
connectedness detected for the different activity durations were not an 
artefact of different activity types being conducted over different dura-
tions, as the collinearity between activity type and activity duration was 
low (Variance Inflation Factor <1.23), below the threshold of 10.00 
recommended by Dormann et al. (2013), suggesting that activity type 
and activity duration were not correlated. The differences that we 
detected might be linked to the different opportunities for contact with 
nature over different activity durations, as greater contact with nature is 
known to facilitate human-nature connectedness (Liu et al., 2022). 
Longer duration activities might not offer the same opportunities for 
immersive and intensive engagement by nature as medium duration 
activities, because the activities that are carried out over longer dura-
tions are done intermittently rather than continuously. Hence, long 
duration activities could be viewed as a series of short duration activities 
carried out regularly, which would be consistent with our finding that 
long and short duration activities did not differ significantly in their 
increases in human-nature connectedness. Indeed, many of the long 
duration activities included in our study took place intermittently over 
periods of up to one year (e.g. Hignett et al., 2018; Tharrey et al., 2020; 

Fig. 5. A funnel plot indicating the relationship between values of Hedges’ g and standard error from each study. Contour lines corresponding to thresholds of 
statistical significance have been included to aid visual interpretation (Sterne et al., 2011).
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Hatty et al., 2022). Activities carried out over such long periods could 
also induce some level of fatigue in certain participants, reducing the 
increase in human-nature connectedness. It should be noted that the 
’long’ level of our activity duration category comprised a wide range of 
durations, from 8 days to up to 1 year which likely increased the het-
erogeneity within this level, although it did not preclude us from 
detecting a difference in changes in human-nature connectedness be-
tween long and medium durations. We lacked sufficient data to be able 
to test for differences amongst a greater range of activity durations but 
given the rapid rise in research on human-nature connectedness, this 
may be possible in the future.

For the environmental activities included in our meta-analysis, we 
found considerable uncertainty associated with the mean changes in 
human-nature connectedness, as shown by the wide 95% confidence 
intervals. The wide confidence intervals associated with certain activ-
ities (for example, gardening) indicated high variance among the orig-
inal studies included in our meta-analysis, limiting our ability to draw 
conclusions about the effectiveness of these activities in fostering 
human-nature connectedness. Given the rapid rise in the number of 
published studies of human-nature connectedness (Fig. 2), further syn-
thesis in the future will likely be able to refine the estimates of increased 
human-nature connectedness that we report here. Our analysis showed 
that activity type and activity duration together explained approxi-
mately 29% of the variance in our data, and hence there must be other 
variables that influence the size of the change in human-nature 
connectedness that occurs in response to participating in an environ-
mental activity. Some individual studies have previously reported that 
changes in human-nature connectedness in response to environmental 
activities may differ between adults and children, as well as within these 
age categories (e.g., Hughes et al., 2019; Hammond, 2020; Barra-
gan-Jason et al., 2025), as shown in two developmental cross-sectional 
studies by Richardson et al. (2019) and Barragan-Jason et al. (2025), 
as well as a longitudinal study assessing children by Otto et al. (2019). 
For example, an earlier study by Barragan-Jason et al. (2022) suggested 
assessing for variation among four age groups: <18 years, 18–25 years, 
26–40 years, >40 years. In our analysis we were limited to two age 
groups (adults and children) as the original studies typically reported 
changes in human-nature connectedness for these groups only and did 
not report sufficient information to allow a more detailed assessment of 
age effects. However, previous research has suggested that 
human-nature connectedness may vary within these two groups; for 
example, an analysis by Hughes et al. (2019) reported that 
human-nature connectedness among people aged 5–75 years declined 
from childhood to a low in the mid-teens, then increasing into the early 
twenties and plateauing thereafter, based on a cross-sectional rather 
than longitudinal study.

The roles of additional covariates in shaping human-nature 
connectedness have also been explored in previous studies, although 
we were not able to include them in our meta-analysis as too few of the 
original studies reported these variables. Participation frequency has 
been linked with human-nature connectedness, at least in some studies. 
For example, Clayton et al. (2014) found that among 7,000 zoo and 
aquarium visitors in the USA, individuals who visited more frequently 
had significantly higher reported connections with nature than in-
dividuals who visited less frequently. However, Bruni et al. (2008) re-
ported no correlation between human-nature connectedness and the 
frequency of visits to zoos. Bruni et al. (2008) also found no correlations 
between human-nature connectedness and a person’s age, gender, or 
whether they were a member of a zoo. Experimental research has shown 
that a person’s pre-existing level of human-nature connectedness can 
influence their response to participating in an environmental activity. As 
an example, Kleespies et al. (2022) reported that among visitors un-
dertaking zoo tours involving feeding animals, those with medium or 
high pre-existing connections with nature showed greater increases in 
human-nature connectedness than individuals with low initial connec-
tion to nature.

Implications for conservation organisations

Changes in human-nature connectedness are of particular interest to 
conservation organisations, given the links between human-nature 
connectedness and pro-environmental and pro-nature conservation at-
titudes (Restall and Conrad, 2015; Mackay and Schmitt, 2019; Barra-
gan-Jason et al., 2022, 2023). Our work shows that many environmental 
activities facilitated by conservation organisations can increase the 
human-nature connectedness of their supporters. Hence, the work of 
conservation organisations will serve to increase the human-nature 
connectedness of large numbers of people globally. Such efforts can 
include facilitating on-site activities within a conservation organisa-
tion’s institute, such as how zoos facilitate encounters with captive an-
imals (Kleespies et al., 2022) or on-site learning activities (Stead, 2022), 
as well as off-site activities such as encouraging supporters to engage in 
recreation or mindfulness in a local green or blue space. Recreational 
activities in particular offer widespread and diverse opportunities for 
conservation organisations to engage their supporters. For example, a 
recent review found that people engage in over 60 different types of 
recreational activities in blue spaces such as wetlands (Wood et al., 
2024).

Our findings also provide some insights for how conservation orga-
nisations could increase the effectiveness of activities in raising levels of 
human-nature connectedness. Whilst the studies in our meta-analysis 
tested the effectiveness of discrete activity types in isolation, in prac-
tice conservation organisations could combine elements of different 
activities to enhance their effectiveness. In particular, it could be 
possible to enhance the increases in human-nature connectedness of 
activity types such as recreation and education through the incorpora-
tion of elements of mindfulness and wildlife encounter activities, which 
showed the greatest increases in human-nature connectedness. 
Designing multi-faceted activities to maximise the increases in human- 
nature connectedness would be a valuable area of future research. For 
example, by providing people with information to help them encourage 
wildlife into their gardens, it could be possible to facilitate unexpected 
encounters with wildlife during gardening activities that could inspire 
moments of awe and wonder. Similarly, incorporating moments of 
mindfulness into activities such as education or recreation could deepen 
the connection to nature that can be gained through these activities. 
Another consideration for conservation organisations should be the 
range of activities that they offer. Our study assessed mean effect sizes 
among groups of participants, but we recognise that not all individuals 
respond to nature in the same way, and that human-nature connected-
ness will only be increased by activities that engage and inspire in-
dividuals (Lumber et al., 2017). Conservation organisations which offer 
a range of environmental activities are therefore more likely to provide 
experiences that successfully foster human-nature connectedness among 
more people.

Our work highlights the role that zoos, and other institutes that 
facilitate encounters with captive animals, can play in conversation, 
through increasing the human-nature connectedness of visitors. Such 
institutes have the potential to increase human-nature connectedness 
among large numbers of people, as those affiliated to the World Asso-
ciation of Zoos and Aquariums receive >700 million visitors per year (Fa 
et al., 2014). As such, our work builds on earlier findings such as those of 
McNally et al. (2025), who found evidence that encounters with captive 
animals within zoos and similar institutes had a positive effect on the 
conservation knowledge, beliefs, and behaviours of zoo visitors. 
Although we found five studies reporting changes in human-nature 
connectedness associated with zoo visitation, we found no comparable 
studies for visits to aquariums, in common with the earlier review of 
Clements et al. (2019). Hence, our conclusions regarding the 
human-nature connectedness benefits associated with captive animal 
encounters are based exclusively on zoos rather than on any other type 
of institution with captive collections. The zoos represented in our study 
facilitated encounters with a range of different animal taxa, including 
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mammals (Miller et al., 2020; Kleespies et al., 2022) and butterflies 
(Pennisi et al., 2017). We recognise that outside of the experimental 
set-ups used in the studies included in our meta-analysis, real-world zoo 
visits are heterogeneous. For example, in terms of the species viewed, 
the level of interaction (e.g. feeding), and the level of information pro-
vided (through guides or exhibits), as well as in the environmental at-
titudes and pre-existing levels of environmental knowledge and 
human-nature connectedness of the visitors. Further research is 
needed to explore how these elements contribute to the ability of zoo 
visits to increase the human-nature connectedness of visitors.

Further considerations

Most of the studies synthesized in our study were conducted in a 
small number of countries in the Global North, with the UK and USA 
together accounting for more than half of the studies. We cannot, 
therefore, suggest that our current analysis provides a truly global un-
derstanding of human-nature connectedness.

The majority of studies included in our analysis measured human- 
nature connectedness immediately after the activity and contained no 
follow up measurements that could be used to assess the persistence of 
increased human-nature connectedness over time. However, the level of 
human-nature connectedness experienced by a person will not be stable 
over time (Furness, 2021). Only 4 of the 43 studies identified in our 
review reported follow up estimates of the change in human-nature 
connectedness. Moreover, the studies that did include follow up as-
sessments reported divergent results. Choe et al. (2020) found that the 
documented increases in human-nature connectedness associated with 
wildlife encounters had not declined after 30 days. However, Barrable 
et al. (2021) found that after eight weeks, participants of a mindfulness 
activity no longer showed elevated human-nature connectedness. The 
two other studies reported mixed results of their follow up assessments. 
A study by Harvey et al. (2023) reported that participants of an envi-
ronmental educational activity showed human-nature connectedness 
after 60 days that, whilst not as high as those recorded in the immediate 
post-activity assessment, were still higher than those recorded in the 
pre-activity test; the Hedges’ g value for the pre-activity test and follow 
up test was 0.365, indicating a small-medium increase in human-nature 
connectedness relative to the score prior to undertaking the activity. 
Similarly, Butler et al. (2024) found that participants had human-nature 
connectedness scores 4–5 weeks after engaging in a wildlife encounter 
activity that were higher than the scores obtained prior to the activity, 
but not as high as those recorded immediately after the activity. How-
ever, in this case the Hedges’ g value for the pre-activity test and follow 
up test was only 0.056, well below the threshold for even a small effect 
size. Beyond the individual studies included in our meta-analysis, we 
note that a recent randomized clinical trial by Leão et al. (2025) found 
that human-nature connectedness among participants undertaking a 
multicomponent nature-based intervention remained higher after 30 
days, especially in peri-urban areas, when compared with individuals 
undertaking a single mindfulness activity (classical forest bathing); 
hence, the types of activities and the area in which they were undertaken 
may both influence the persistence of elevated human-nature connect-
edness. Further studies will be required to understand the circumstances 
under which increases in human-nature connectedness persist after 
engagement in an environmental activity has ceased.

We assessed the changes in human-nature connectedness for each 
activity in isolation, as the original studies containing the data that we 
used have tested the effects on different activities one at a time. How-
ever, many people participate in more than one type of environmental 
activity. It is unclear whether the benefit to an individual’s connection 
with nature of undertaking multiple activities would be additive.

Our analyses showed a statistically significant relationship between 
the Hedges’ g and the standard error values, whilst a visual assessment 
via a funnel plot also confirmed asymmetry, which could indicate 
publication bias. The funnel plot illustrated a strong clustering of data 

points with low Hedges’ g and SE values, but few corresponding data 
points at higher Hedges’ g values. However, publication bias is only one 
possible cause of funnel plot asymmetry (Sterne et al., 2011). If publi-
cation bias were the primary cause of the asymmetry, we would have 
expected the asymmetry to show an absence of data points with low 
Hedges’ g, consistent with non-publication of negative results (Wood, 
2020). The funnel asymmetry may instead reflect heterogeneity linked 
to the effects of unknown variables that we could not include in our 
analysis (Sterne et al., 2011), particularly as the fixed effects in our 
best-supported model accounted for only 29% of the variance in changes 
in human-nature connectedness. Such variables could include prior 
experience with nature and personality traits, which have been shown 
by earlier research to influence human-nature connectedness (Lengieza 
and Swim, 2021; Kleespies et al., 2022).

Conclusions

Our systematic review and meta-analysis offer new evidence from a 
rapidly growing literature that human-nature connectedness can be 
increased through a range of different environmental activities, with 
mindfulness and wildlife encounters found to be the most effective. The 
increases in human-nature connectedness that we documented for out-
door environmental activities were larger than the increases docu-
mented previously for virtual activities associated with nature 
(Barragan-Jason et al., 2022; Brambilla et al., 2024), suggesting that 
in-person experiences of nature provide an important boost to increases 
in human-nature connectedness. Further research could explore how 
elements of the most effective activities such as mindfulness and wildlife 
encounters could be incorporated into less effective activity types, to 
allow conservation organisations to maximise the effectiveness of their 
activities in fostering human-nature connectedness.
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Bartoń, K., 2012. MuMIn: Model selection and model averaging based on information 
criteria. R package version 1.47.5. https://cran.r-project.org/package=MuMIn.

Brambilla, E., Petersen, E., Stendal, K., Sundling, V., MacIntyre, T.E., Calogiuri, G., 2024. 
Effects of immersive virtual nature on nature connectedness: a systematic review and 
meta-analysis. Digital Health 10, 1–25.

Braun, T., Dierkes, P., 2017. Connecting students to nature–how intensity of nature 
experience and student age influence the success of outdoor education programs. 
Environ. Educ. Res. 23, 937–949.

Brooks, M.E., Kristensen, K., Van Benthem, K.J., Magnusson, A., Berg, C.W., Nielsen, A., 
Skaug, H.J., Machler, M., Bolker, B.M., 2017. glmmTMB balances speed and 
flexibility among packages for zero-inflated generalized linear mixed modeling. 
R Journal. 9, 378–400.

Bruni, C.M., Fraser, J., Schultz, P.W., 2008. The value of zoo experiences for connecting 
people with nature. Visit. Stud. 11, 139–150.

Burnham, K.P., Anderson, D.R., Huyvaert, K.P., 2011. AIC model selection and 
multimodel inference in behavioral ecology: some background, observations, and 
comparisons. Behav. Ecol. Sociobiol. 65, 23–35.

Butler, C.W., Hamlin, I., Richardson, M., Lowe, M., Fox, R., 2024. Connection for 
conservation: the impact of counting butterflies on nature connectedness and 
wellbeing in citizen scientists. Biol. Conserv. 292, 110497.

Calogiuri, G., Petersen, E., Haile, A., Flaten, O.E., Fröhlich, F., Litleskare, S., 2023. The 
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Barthel, S., Abernethy, P., Martín-López, B., Raymond, C.M., 2017. Human–nature 
connection: a multidisciplinary review. Curr. Opin. Environ. Sust. 26, 106–113.

Ives, C.D., Abson, D.J., von Wehrden, H., Dorninger, C., Klaniecki, K., Fischer, J., 2018. 
Reconnecting with nature for sustainability. Sust. Sci. 13, 1389–1397.

Keith, R.J., Given, L.M., Martin, J.M., Hochuli, D.F., 2022. Environmental self-identity 
partially mediates the effects of exposure and connection to nature on urban 
children’s conservation behaviours. Curr. Res. Ecol. Soc. Psychol. 3, 100066.

Kleespies, M.W., Gübert, J., Popp, A., Hartmann, N., Dietz, C., Spengler, T., Becker, M., 
Dierkes, P.W., 2020. Connecting high school students with nature – how different 
guided tours in the zoo influence the success of extracurricular educational 
programs. Front. Psychol. 11, 1804.

Kleespies, M.W., Feucht, V., Becker, M., Dierkes, P.W., 2022. Environmental Education in 
Zoos – Exploring the Impact of Guided Zoo Tours on Connection to Nature and 
Attitudes towards Species Conservation. J. Zool. Bot. Gard. 3, 56–68.

Lankenau, G.R., 2018. Fostering connectedness to nature in higher education. Environ. 
Educ. Res. 24, 230–244.

Leão, E.R., Savieto, R.M., Borba, G.B., da Silva Victor, E., Bomfim, S.B., Hingst-Zaher, E., 
et al., 2025. Efficacy of a multicomponent nature-based intervention on well-being 
and environmental engagement: a randomized clinical trial. Environ. Int. 196, 
109286.

Lengieza, M.L., Swim, J.K., 2021. The paths to connectedness: a review of the 
antecedents of connectedness to nature. Front. Psychol. 12, 763231.

Lenth, R., Singmann, H., Love, J., Buerkner, P., Herve, M., 2019. Package ‘emmeans’: 
Estimated Marginal Means, aka Least-Squares Means. R package version 1.10.3. 
https://cran.r-project.org/package=emmeans.

Leopold, A., 1949. A Sand County almanac and sketches here and there. Penguin Books.
Leung, G.Y., Hazan, H., Chan, C.S., 2022. Exposure to nature in immersive virtual reality 

increases connectedness to nature among people with low nature affinity. J. Environ. 
Psychol. 83, 101863.

Liu, Y., Cleary, A., Fielding, K.S., Murray, Z., Roiko, A., 2022. Nature connection, pro- 
environmental behaviours and wellbeing: understanding the mediating role of 
nature contact. Landsc. Urban Plan. 228, 104550.

Low, A.H., Chung, C.Y.M., Cheong, I.J.Y., Loke, C.X.Y., Rosenthal, S., 2024. Growing 
natural connections: the effects of modality and type of nature on connectedness to 
nature. Environ. Commun. 18, 285–301.

Lüdecke, D., 2022. esc: Effect Size Computation for Meta Analysis. Version 0.5.1. https: 
//cran.r-project.org/package=esc.

Lüdecke, D., Ben-Shachar, M.S., Patil, I., Waggoner, P., Makowski, D., 2021. 
performance: An R package for assessment, comparison And testing of statistical 
models. J. Open Source Softw. 6, 3139.

Lumber, R., Richardson, M., Sheffield, D., 2017. Beyond knowing nature: contact, 
emotion, compassion, meaning, and beauty are pathways to nature connection. PLoS 
One 12, e0177186.

Mackay, C.M., Schmitt, M.T., 2019. Do people who feel connected to nature do more to 
protect it? A meta-analysis. J. Environ. Psychol. 65, 101323.

Martin, L., White, M.P., Hunt, A., Richardson, M., Pahl, S., Burt, J., 2020. Nature contact, 
nature connectedness and associations with health, wellbeing and pro- 
environmental behaviours. J. Environ. Psychol. 68, 101389.

Mayer, F.S., Frantz, C.M., 2004. The connectedness to nature scale: a measure of 
individuals’ feeling in community with nature. J. Environ. Psychol. 24, 503–515.

McNally, X., Webb, T.L., Smith, C., Moss, A., Gibson-Miller, J., 2025. A meta-analysis of 
the effect of visiting zoos and aquariums on visitors’ conservation knowledge, 
beliefs, and behavior. Conserv. Biol. 39, e14237.

Miller, B., Conway, W., Reading, R.P., Wemmer, C., Wildt, D., Kleiman, D., Monfort, S., 
Rabinowitz, A., Armstrong, B., Hutchins, M., 2004. Evaluating the conservation 
mission of zoos, aquariums, botanical gardens, and natural history museums. 
Conserv. Biol. 18, 86–93.

K.A. Wood et al.                                                                                                                                                                                                                                Perspectives in Ecology and Conservation 23 (2025) 219–230 

229 

http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0005
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0005
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0010
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0010
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0015
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0015
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0020
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0020
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0020
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0025
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0025
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0025
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0025
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0030
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0030
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0030
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0035
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0035
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0035
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0035
https://cran.r-project.org/package=MuMIn
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0045
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0045
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0045
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0050
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0050
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0050
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0055
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0055
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0055
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0055
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0060
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0060
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0065
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0065
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0065
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0070
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0070
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0070
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0075
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0075
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0075
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0075
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0080
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0080
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0080
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0085
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0085
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0085
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0085
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0090
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0090
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0090
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0095
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0095
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0100
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0100
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0100
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0100
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0105
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0105
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0105
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0110
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0110
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0110
https://www.R-project.org/
https://www.R-project.org/
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0120
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0120
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0120
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0120
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0125
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0125
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0125
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0125
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0130
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0130
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0130
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0130
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0135
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0135
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0140
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0140
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0145
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0145
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0145
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0150
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0150
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0155
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0155
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0155
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0160
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0160
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0160
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0165
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0165
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0170
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0170
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0170
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0175
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0175
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0180
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0180
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0180
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0180
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0185
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0185
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0190
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0190
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0195
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0195
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0195
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0200
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0200
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0205
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0205
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0205
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0210
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0210
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0210
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0210
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0215
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0215
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0215
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0220
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0220
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0225
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0225
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0225
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0225
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0230
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0230
https://cran.r-project.org/package=emmeans
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0240
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0245
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0245
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0245
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0250
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0250
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0250
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0255
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0255
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0255
https://cran.r-project.org/package=esc
https://cran.r-project.org/package=esc
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0265
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0265
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0265
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0270
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0270
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0270
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0275
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0275
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0280
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0280
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0280
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0285
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0285
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0290
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0290
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0290
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0295
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0295
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0295
http://refhub.elsevier.com/S2530-0644(25)00040-9/sbref0295


Miller, L.J., Luebke, J.F., Matiasek, J., Granger, D.A., Razal, C., Brooks, H.J., Maas, K., 
2020. The impact of in-person and video-recorded animal experiences on zoo 
visitors’ cognition, affect, empathic concern, and conservation intent. Zoo Biol. 39, 
367–373.

Nisbet, E.K., Zelenski, J.M., Murphy, S.A., 2009. The nature relatedness scale: linking 
individuals’ connection with nature to environmental concern and behavior. 
Environ. Behav. 41, 715–740.

Otto, S., Pensini, P., 2017. Nature-based environmental education of children: 
environmental knowledge and connectedness to nature, together, are related to 
ecological behaviour. Glob. Environ. Change 47, 88–94.

Otto, S., Evans, G.W., Moon, M.J., Kaiser, F.G., 2019. The development of children’s 
environmental attitude and behavior. Glob. Environ. Change 58, 101947.

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D., 
et al., 2021. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. BMJ 372, n71.

Pennisi, L., Lackey, N.Q., Holland, S.M., 2017. Can an immersion exhibit inspire 
connection to nature and environmentally responsible behavior? J. Interpret. Res. 
22, 35–49.

Reeves, J.P., John, C.H., Wood, K.A., Maund, P.R., 2021. A qualitative analysis of UK 
wetland visitor centres as a health resource. Int. J. Environ. Res. Public Health 18, 
8629.

Restall, B., Conrad, E., 2015. A literature review of connectedness to nature and its 
potential for environmental management. J. Environ. Manage. 159, 264–278.

Richardson, M., Hunt, A., Hinds, J., Bragg, R., Fido, D., Petronzi, D., et al., 2019. 
A measure of nature connectedness for children and adults: validation, performance, 
and insights. Sustainability 11, 3250.

Richardson, M., Passmore, H.A., Barbett, L., Lumber, R., Thomas, R., Hunt, A., 2020. The 
green care code: how nature connectedness and simple activities help explain pro- 
nature conservation behaviours. People Nat. 2, 821–839.

Richardson, M., Passmore, H.A., Lumber, R., Thomas, R., Hunt, A., 2021. Moments, not 
minutes: the nature-wellbeing relationship. Int. J. Wellbeing 11, 8–33.

Rose, P., Riley, L., 2023. Five ways to wellbeing at the zoo: improving human health and 
connection to nature. Front. Psychol. 14, 1258667.

Rosenberg, M.S., Rothstein, H.R., Gurevitch, J., 2013. Effect sizes: conventional choices 
and calculations. In: Koricheva, J., Gurevitch, J., Mengersen, K. (Eds.), Handbook of 
Meta-analysis in Ecology and Evolution. Princeton University Press, Princeton, USA, 
pp. 61–71.

Salazar, G., Monroe, M.C., Jordan, C., Ardoin, N.M., Beery, T.H., 2021. Improving 
assessments of connection to nature: a participatory approach. Front. Ecol. Evol. 8, 
609104.

Schultz, P.W., 2001. The structure of environmental Concern: concern for self, other 
people, and the biosphere. J. Environ. Psychol. 21, 327–339.

Schutte, N.S., Malouff, J.M., 2018. Mindfulness and connectedness to nature: a meta- 
analytic investigation. Pers. Individ. Dif. 127, 10–14.

Sheffield, D., Butler, C.W., Richardson, M., 2022. Improving nature connectedness in 
adults: a meta-analysis, review and agenda. Sustainability 14, 12494.

Stead, M., 2022. Generation wild: inspiring the next generation of nature lovers. Environ. 
Educ. 129, 15–16.

Sterne, J.A., Sutton, A.J., Ioannidis, J.P., Terrin, N., Jones, D.R., Lau, J., et al., 2011. 
Recommendations for examining and interpreting funnel plot asymmetry in meta- 
analyses of randomised controlled trials. BMJ 343, d4002.

Tam, K.P., 2013. Concepts and measures related to connection to nature: similarities and 
differences. J. Environ. Psychol. 34, 64–78.

Tharrey, M., Sachs, A., Perignon, M., Simon, C., Mejean, C., Litt, J., Darmon, N., 2020. 
Improving lifestyles sustainability through community gardening: results and lessons 
learnt from the JArDinS quasi-experimental study. BMC Public Health 20, 1798.

Viechtbauer, W., 2010. Conducting meta-analyses in R with the metafor package. J. Stat. 
Softw. 36, 1–48.

Whitburn, J., Linklater, W., Abrahamse, W., 2020. Meta-analysis of human connection to 
nature and proenvironmental behavior. Conserv. Biol. 34, 180–193.

Whitburn, J., Abrahamse, W., Linklater, W., 2023. Do environmental education fieldtrips 
strengthen children’s connection to nature and promote environmental behaviour or 
wellbeing? Curr. Res. Ecol. Soc. Psychol. 5, 100163.

White, M.E., Hamlin, I., Butler, C.W., Richardson, M., 2023. The Joy of birds: the effect of 
rating for Joy or counting garden bird species on wellbeing, anxiety, and nature 
connection. Urban Ecosyst. 26, 755–765.

Wilson, D.B., 2017. Formulas used by the "Practical Meta-Analysis Effect Size Calculator". 
George Mason University.

Wood, K.A., 2020. Negative results provide valuable evidence for conservation. Perspect. 
Ecol. Conserv. 18, 235–237.

Wood, K.A., Jupe, L.L., Aguiar, F.C., Collins, A.M., Davidson, S.J., Freeman, W., 
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