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Abstract 

Detachment from nature is contributing to the environmental crisis and reversing this trend 

requires detailed monitoring and targeted interventions to reconnect people to nature. 

Most tools measuring nature exposure and attachment were developed in high-income 

countries and little is known about their robustness across national and linguistic groups. 

Therefore, we used data from the Body Image in Nature Survey to assess measurement 

invariance of the Nature Exposure Scale (NES) and the Connectedness to Nature Scale (CNS) 

across 65 nations, 40 languages, gender identities, and age groups (N = 56,968). While 

multi-group confirmatory factor analysis (MG-CFA) of the NES supported full scalar 

invariance across gender identities and age groups, only partial scalar invariance was 

supported across national and linguistic groups. MG-CFA of the CNS also supported full 

scalar invariance across gender identities and age groups, but only partial scalar invariance 

of a 7-item version of the CNS across national and linguistic groups. Nation-level 

associations between NES and CNS scores were negligible, likely reflecting a lack of 

conceptual clarity over what the NES is measuring. Individual-level associations between 

both measures and sociodemographic variables were weak. Findings suggest that the CNS-7 

may be a useful tool to measure nature connectedness globally, but measures other than 

the NES may be needed to capture nature exposure cross-culturally.  

Keywords: Nature Exposure Scale; Connectedness to Nature Scale; Measurement 

invariance; Cross-cultural; Multi-group confirmatory factor analysis (MG-CFA) 
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1. Introduction 

 At the turn of the century, the United Nations Millennium Declaration recognised 

that insufficient respect for nature is a fundamental challenge for international relations and 

global sustainable development (United Nations General Assembly, 2000). Despite ongoing 

efforts, anthropogenic-related climate change, biodiversity loss, and land, water, and air 

pollution are accelerating (e.g., Goudie, 2019). Some observers have suggested that this is, 

at least in part, a consequence of a growing detachment from the natural world, especially 

among increasingly urbanised populations (Beery et al., 2023; Soga & Gaston, 2016). 

Reversing these trends requires an understanding of the drivers and barriers of ecological 

and pro-environmental behaviours, and using this knowledge to promote widespread 

behaviour change (Grilli & Curtis, 2021; Schultz & Kaiser, 2012).  

 One important avenue of research concerns people’s physical contact with, and 

psychological connectedness to, the natural world. In terms of the former, the relationship 

between recreational nature exposure (e.g., leisure visits to parks, woodlands, and beaches) 

and a range of public and private pro-environmental behaviours has been shown to be 

consistently positive (De Ville et al., 2021; Martin et al., 2020). Regarding psychological 

connectedness, robust evidence shows that people who feel more connected to the natural 

world – independent of their actual exposure – have more positive attitudes towards the 

natural environment, ecological behaviours, and nature protection (for meta-analyses, see 

Barragan-Jason et al., 2022; Whitburn et al., 2020). They also exhibit better well-being and 

mental health (Capaldi et al., 2014; White et al., 2021). 

 The mechanisms underpinning these relationships are thought to reflect a 

combination of genetic inheritance (Kellert & Wilson, 1993), personal experience and 

associative learning (e.g., Yannick & de Block, 2011), and salient sociocultural norms 
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(Bourassa, 1990). In addition, nature exposure and nature connectedness are likely to be 

mutually reinforcing. Positive contact with the natural world can increase feelings of 

connectedness to nature (e.g., Fränkel et al., 2019; Lengieza & Swim, 2021; Martin et al., 

2020; Swami et al., 2020), with a meta-analysis of experimental manipulations and field 

interventions reporting a moderate positive mean effect of nature contact on nature 

connectedness (g = 0.44, 95% CI = 0.31, 0.58; Sheffield et al., 2022). Conversely, greater 

nature connectedness can encourage people to seek more nature exposure (Martin et al., 

2020; Stehl et al., 2024). Positive experiences may then strengthen nature connectedness 

over time.  

Although improving our understanding of these processes remains important, our 

objective here was to consider how physical contact and psychological connectedness with 

nature are measured and, in particular, how generalisable existing measures are across 

linguistic and national contexts. Given that the environmental crisis is a global phenomenon 

(Goudie, 2019), adequate measurement and monitoring across contexts requires 

instruments that can be deployed reliably in multiple settings to make robust comparisons. 

Crucial to this issue is the concept of measurement invariance, the notion that a 

measurement tool should measure the same underlying construct in the same way across 

different groups (Swami & Barron, 2019; Vandenberg & Lance, 2000), which in turn ensures 

that measurement biases leading to artefactual, inaccurate, or irreplicable results are 

avoided (Fishcher et al., 2023). Measurement invariance can be determined at different 

levels, with scalar or partial scalar invariance typically considered a minimum threshold for 

comparison of latent means (Chen, 2007).  

To date, however, determining measurement invariance of key nature exposure and 

nature connectedness instruments has been hampered because most research – including 
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the development of instruments to measure these constructs – has been conducted in a 

small handful of countries in the Global North (Tirri et al., 2021; Zhang et al., 2020). Here, 

we aimed to address this shortcoming. Specifically, using data from 65 countries, we aimed 

to explore the measurement invariance of two well-known instruments across multiple 

linguistic and national contexts. The first was a measure of nature exposure – the Nature 

Exposure Scale (NES, Kamitsis & Francis, 2013) – while the second was a measure of nature 

connectedness, the Connectedness to Nature Scale (CNS, Mayer & Frantz, 2004). We briefly 

review what is currently known about these instruments.  

1.1. Nature Exposure 

Many definitions of nature exposure, or nature contact, exist (Holland et al., 2021). 

Much of the research linking nature exposure to health and well-being uses remote sensing 

data to estimate the percentage of vegetation around the home using various radial buffers 

(e.g., Browning & Lee, 2017) or distance to local green and blue spaces (e.g., Geary et al., 

2023). Others consider vegetation around other core locations, such as work/school (e.g., 

Dadvand et al., 2015), or explore more deliberative, intentional nature contact, such as 

leisure visits to natural settings (e.g., Garrett et. al., 2023). Finally, many of the beneficial 

effects of nature contact on health and pro-environmentalism may depend on psychological 

awareness of exposure, or a certain degree of mindfulness of this contact with nature (e.g., 

Macaulay et al., 2022; Richardson et al., 2022a).  

One self-report measure that attempts to address all three aspects – that is, 

everyday nature around the home/work, recreational visits, and nature awareness – is the 

4-item Nature Exposure Scale (NES, Kamitsis & Francis, 2013; see Appendix 1 for items). 

Although the instrument has been utilised in diverse national groups (e.g., Arroz et al., 2022; 

Baceviciene et al., 2021; Picanço et al., 2024; Stieger et al., 2022), its factorial validity has 

Jo
urn

al 
Pre-

pro
of



Nature Exposure and Connectedness 6 

been infrequently assessed. Studies with adults from the United States (Swami, Barron et 

al., 2016), Portugal (Arroz et al., 2022; Picanço et al., 2024), and Lithuania (Matukyniene et 

al., 2021) suggest scores are unidimensional, whereas a study with an online sample 

(nationality unreported) found that it was necessary to drop one item (Item #1) to achieve 

unidimensionality (Wood et al., 2019).  

The equivocal nature of findings vis-à-vis the factorial validity of the NES may reflect 

the fact that a single instrument is trying to measure very different types of exposure using 

different response outcomes. Thus, while some authors have suggested that overall scores 

on the 4-item NES demonstrate adequate indices of face validity (e.g., Picanço et al., 2024; 

Swami et al., 2019), others have implied that it is only the two items that assess direct 

contact with nature that truly assesses nature exposure (Goh et al., 2023). As scholars 

increasingly seek brief self-report measures of nature exposure, a fuller understanding of 

the factorial validity of the NES, including item behaviour, is vital (Swami, 2024). In the same 

vein, more can be done to understand the psychometric properties of this instrument 

beyond singular national groups, including in terms of gendered identities, age groups, and 

languages. This is particularly important as some work has suggested that demographic 

factors affect responding on the NES (Picanço et al., 2024). 

1.2. Connectedness to Nature 

 Although many measures of nature connectedness exist (Martin & Czellar, 2016; 

Richardson et al., 2019), one of the most widely used is the Connectedness to Nature Scale 

(CNS; Mayer & Frantz, 2004; cited more than 3,500 times based on Google Scholar citations 

up to August 2024). In the original study reporting on the development of the 14-item CNS 

(see Appendix 1 for items), Mayer and Frantz (2004) reported – based on exploratory factor 

analyses (EFAs) – that scores were unidimensional in two community and three college 
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samples from the United States. The unidimensional model of the 14-item CNS scores has 

also been supported in other national and linguistic contexts, such as Brazil (Pessoa et al., 

2016), China (Li & Wu, 2016), Italy (Lovati et al., 2023), and Spain (Mattas-Terrón & Elósegui-

Bandera, 2012). 

 However, not all studies have demonstrated adequate fit of the unidimensional 

model of CNS scores, and in some national contexts, a unidimensional model was only 

supported once several items were eliminated: one item in Spain (Olivos et al., 2013), three 

items in France (Navarro et al., 2017) and Australia (Pearce et al., 2022), four each in Kenya 

(Marczak & Sorokowski, 2018) and South Korea (Gim et al., 2019), and seven items in 

Poland (Strzelecka et al., 2023). Likewise, Anđić and Šuperina (2021) reported difficulties 

translating four CNS items into Croatian, resulting in a 10-item, single factor, instrument. In 

Turkey, the CNS reduced to two dimensions reflecting integration with nature (two items) 

and feeling part of nature (six items; Bektaş et al., 2017).  

 These equivocal findings may reflect the fact items on the CNS contain two verbal 

structures: items that include the word “feel” as an emotional component and other items 

that more closely reflect a cognitive belief in one’s connection to nature (Lee & Oh, 2021; 

Perrin & Benassi, 2009). Alternatively, it is possible that some CNS items either function 

poorly or are redundant in some national contexts. Based on Item Response Theory, Pasca 

and colleagues (2017) suggested that seven CNS items (Items #1, 3, 4, 8, 12, 13, and 14) 

were either redundant or lacked adequate fit in a sample of Spanish adults. In subsequent 

analyses, the same authors also suggested that a truncated, 7-item version of the CNS (i.e., 

the CNS-7) had adequate composite reliability, although factorial validity was not assessed. 

In a more recent study with Brazilian university students, Rosa et al. (2022) reported that 
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scores on the CNS-7 were unidimensional and that the CNS-7 had slightly improved fit 

indices compared to the full version. 

 To date, however, assessments of the measurement invariance of the CNS across 

national groups in the same study, conducted at the same time, remain rare. One study 

using samples from seven nations (Spain, the Netherlands, Turkey, Portugal, Germany, 

France, and Hungary) utilising the CNS-7 supported metric, but not scalar invariance, once 

the loading associated with Item #7 was relaxed (Navarro et al., 2022). In terms of the 14-

item CNS, Pasca and colleagues (2018) examined measurement invariance across samples 

from Spain and the United States (the latter representing data from Mayer & Frantz, 2004). 

Their analyses indicated support for configural, but not metric, invariance. Based on Item 

Response Theory, Pasca et al. (2018) further noted that seven of the CNS items showed 

differential functioning across groups. These studies suggest that the latent connectedness 

to nature construct is not equivalent across national groups (Navarro et al., 2022). 

Beyond invariance across national groups, very little work has assessed invariance of 

the CNS across other sociodemographic characteristics. For instance, only two studies have 

examined the measurement invariance of the CNS across gender identities. In samples of 

Italian adults, Di Fabio and Rosen (2019) and Lovati et al. (2023), respectively, reported that 

the CNS achieved full scalar invariance across women and men. However, it remains 

possible that gendered experiences – particularly across national or cultural groups – shape 

one’s understanding and manifestations of connectedness to nature. Drawing on gender 

socialisation theories, for instance, McCright (2010) suggested that women, more so than 

men, are expected to demonstrate an ethic of care for the natural environment and exhibit 

both greater environmental concern (e.g., Xiao & McCright, 2015) and dispositional 

empathy with nature (Tam, 2013).  
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As such, there is a need to more carefully and comprehensively assess the extent to 

which the CNS is invariant across gender identities in multiple cultural contexts. Likewise, 

we are unaware of any previous work that has examined invariance of the CNS across age 

groups. Existing studies have reported equivocal results in terms of the association between 

CNS scores and age, with some studies reporting that CNS scores increase with older age 

(e.g., Swami, von Nordheim et al., 2016) and other studies reporting no significant 

association (e.g., Swami, Barron et al., 2016). Other work has suggested that connectedness 

to nature dips in adolescence before returning to pre-adolescent levels in early adulthood 

(Richardson et al., 2019), where it then remains relatively stable (Anderson & Krettenauer, 

2021). More work is needed to explore these patterns across different cultural contexts.  

1.3. The Present Study 

 Large, multinational studies offer the best opportunity to deal with many of the 

issues noted above, particularly given that research on nature exposure and connectedness 

to nature often centres the experiences of respondents in the Global North (Barragan-Jason 

et al., 2023; Soga & Gaston, 2023). Thus, in the present study, we utilised data from the 

Body Image in Nature Survey (BINS; Swami, Tran et al., 2022), a collaborative, 253 

researcher-crowdsourced project that gathered CNS and NES data between 2020 and 2022 

from participants in 65 nations across 40 language groups with variance across gender 

identities and age groups. In terms of the NES, we considered whether a unidimensional 

model with all four items, as well as multidimensional models, would offer optimal fit. Given 

that there are few assessments of the factorial validity of this instrument and the limits of 

cross-sectional data for establishing the dimensionality of measures, we do not advance any 

specific hypotheses here. In terms of the CNS, we adopted an exploratory framework, 

considering the extent to which either the full 14-item CNS, or the truncated CNS-7, would 
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balance item retention and measurement invariance across groups. As a preliminary 

hypothesis, we expected that the CNS-7 would demonstrate superior fit compared to the 

full CNS and would also evidence scalar or partial scalar invariance across groups. 

A second objective was to assess whether, and the extent to which, nature exposure 

is significantly associated with connectedness to nature across nations. Our expectation, 

based on previous work, was of a small, positive correlation in the r ~ .30 range (Sheffield et 

al., 2022; Swami, Barron et al., 2016; Swami et al., 2020). Finally, we also assessed the 

extent to which sociodemographic variables included in the BINS (i.e., financial security, 

urbanicity, educational qualifications, marital status, and racialised status) were associated 

with both nature exposure and connectedness to nature. Although this aspect of our study 

was more exploratory, based on the available evidence, we expected that greater nature 

exposure and connectedness to nature would be significantly associated with greater 

financial security, rural residence (e.g., Carrus et al., 2020; Richardson et al., 2019), higher 

educational qualifications (e.g., Nesbitt et al., 2019), being married/in a committed 

relationship (Pasanen et al., 2023), and racialised majority status (e.g., Murdock, 2019).  

2. Materials and Methods 

2.1. Overview of the Body Image in Nature Survey 

 Full details of the Body Image in Nature Survey (BINS) are published elsewhere 

(Swami, Tran et al., 2022). Data were collected between November 2020 and February 2022 

with community sampling, with the majority of recruitment taking place online. The overall 

project received ethics approval from the School Research Ethics Panel at the first author’s 

institution (approval code: PSY-S19-015) and, unless exempt by national laws, all 

collaborating teams additionally obtained ethics approval from local institutional ethics 

committees or review boards. A list of nations, associated sample sizes, data collection 
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methods, ethics approvals, and survey languages is presented in Supplementary Table S1. 

Sample sizes ranged from 204 in the United Arab Emirates (Arabic) to 3,275 in Thailand.  

2.2. Participants 

 The BINS dataset consists of 56,968 respondents, of whom 58.9% were women, 

40.5% were men, and 0.6% reported another gender identity. Ages ranged from 18 to 99 

years (M = 33.10, SD = 13.79). In terms of financial security compared to others of their age 

in their country, 25.5% and 49.6% felt more or equally secure, respectively, with 24.9% 

feeling less secure. Most (84.5%) lived in an urban rather than a rural (15.5%) area, and the 

majority reported at least completing secondary education (72.6%). In total, 53.0% were in a 

committed relationship including marriage. The majority (74.2%) self-identified as being 

part of a racialised majority in their country, whereas 11.3% identified as part of a racialised 

minority group (13.5% were uncertain and race data were not collected in France due to 

prohibition of the collection and storage of race-related data). Table 1 presents detailed 

sample description data for all individual nations. In six countries, data was collected in 

either two (Canada, Iceland, India, the Philippines, the United Arab Emirates [UAE]) or three 

(China) languages.  

2.3. Measures 

 2.3.1. Nature exposure. The 4-item self-reported Nature Exposure Scale (NES; 

Kamitsis & Francis, 2013) covers perceptions about everyday nature exposure, frequency of 

more distal visits (“nature exposure”; Items #1 and #3), and attention paid to nature in both 

settings (“noticing nature”; Items #2 and #4; see Appendix 1 for English wording). Response 

anchors varied depending on the item, but all used 5-point scales. The NES was translated 

for use in the present project using the back-translation procedure (Brislin, 1986; for further 

information, see Swami, Tran et al., 2022) unless it was presented in English or a validated, 
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localised version was available for use. A list of the 40 languages in which the BINS survey 

package was presented is reported in Supplementary Table S1 and all translations are 

available from the first author. 

2.3.2. Connectedness to nature. The 14-item Connectedness to Nature Scale (CNS; 

Mayer & Frantz, 2004; items in English are presented in Appendix 1) uses a 5-point response 

scale: 1 (strongly disagree) to 5 (strongly agree). Unless presented in English, or where a 

previously validated translation was not available, the CNS was also translated for use in the 

BINS using the parallel back-translation procedure (see Supplementary Table S1). 

 2.2.3. Urbanicity. To assess urbanicity, participants were asked about their current 

place of residence, with response options adapted from Pedersen and Mortensen (2001) as 

follows: capital city, capital city suburbs, provincial city (more than 100,000 residents), 

provincial town (more than 10,000 residents), and rural areas. Response options were 

assigned values 1 to 5 (in the above order) for statistical analysis and collapsed into urban 

versus rural for descriptive purposes. This measure of urbanicity has been used in previous 

cross-national work (Swami et al., 2020).  

 2.3.4. Financial security. Following previous cross-national work (Swami et al., 2012, 

2020), participants were asked to self-report how financially secure they felt relative to 

others of their own age in their country of residence (1 = less secure, 2 = same, 3 = more 

secure). 

2.3.5. Demographics. Highest educational qualification was assessed as follows: 1 = 

no formal education, 2 = primary education, 3 = secondary education, 4 = still in full-time 

education, 5 = undergraduate degree, 6 = postgraduate degree, 7 = other; marital status was 

assessed as: 1 = single, 2 = single but in a committed relationship, 3 = married, 4 = other; and 

racialised status relative to their country of residence was assessed as: 1 = ethnic/racial 
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majority, 2 = ethnic/racial minority, 3 = not sure. The latter item provides a common metric 

of categorising ethnicity/race across diverse nations (Swami et al., 2020). For descriptive 

purposes at the national level and for analyses, response options for highest educational 

qualification were collapsed into secondary/tertiary (secondary education, undergraduate 

degree, postgraduate degree) versus other (all remaining categories) and response options 

of racialised status were collapsed into racialised minority (racial minority) versus other (all 

remaining categories). 

2.4. Procedures, Ethics, and Data Sharing 

 Full procedural information about the BINS is provided in Swami et al. (2022). The 

BINS project was conducted in accordance with the principles of the Declaration of Helsinki 

and following all local institutional guidelines. In brief, once local ethics approval had been 

obtained or collaborators confirmed that approval was not required as per national laws 

(see Supplementary Table S1), researchers recruited participants from the community in 

their respective nations between November 2020 and February 2022. Inclusion criteria were 

being ≥ 18 years of age, a resident and citizen of the particular nation in which recruitment 

took place, and being able to complete a survey in the language in which it was presented. 

In all but nine locales (see Supplementary Table S1), data collection was conducted online. 

All participants were presented with a standardised information sheet and provided (digital 

or written) informed consent before completing an anonymous version of the BINS package. 

Upon completion, participants received debriefing information, which included contact 

information for the first author as well as a local researcher. The BINS data and our analytic 

codes are available on the Open Science Framework at 

https://osf.io/rfhwe/?view_only=dc87d4d3088b4f62922177fbbe06e8b6. 

2.5. Analytic Strategy 
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 The general analytic plan, including structural and measurement invariance analyses 

of the key variables of the BINS (including the NES and CNS) is described in the BINS study 

protocol (Swami et al., 2022). Further analyses not covered in the study protocol were not 

preregistered separately.  

 The analysis proceeded in four steps, in a similar fashion for both the NES and CNS: 

first, CFA models were fitted to the total sample to determine the structure of the NES and 

test both the full CNS (henceforth “CNS-14”) and the CNS-7 for unidimensionality. For the 

NES, unidimensional and 2-factor models were fitted, testing for the possible scale 

multidimensionality (nature exposure in everyday life and environments: Items #1 and #2; 

nature exposure outside everyday environments: Items #3 and #4). As the items further 

allude to a conditional structure (with Items #1 and #3 assessing levels of “nature exposure” 

in each domain and Items #2 and #4 assessing “noticing nature” in each domain), a 

unidimensional model with correlated error variances between Items #1 and #2, and Items 

#3 and #4, respectively was also fitted on the data (an analogous 2-factor model could not 

be tested, as it was under-identified with only 4 items). The best-fitting model was then 

used for further analysis. In the unidimensional model of the CNS, error variances of Items 

#5 and #7, and Items #5 and #10 were allowed to correlate (following Rosa et al., 2022). We 

expected a better model fit for the CNS-7 than the CNS-14, but followed this strategy to 

determine which version of the instrument should be used in further analysis. 

 Second, in the six countries where data was collected in multiple languages, 

measurement invariance of the NES and CNS was tested with multi-group CFAs (MG-CFAs) 

for cross-language survey presentation. Data from the same nations were merged in the 

subsequent measurement invariance analysis of nations only if scalar measurement 

invariance held within nations (i.e., all linguistic versions of the scales showed satisfactory 
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invariance). This was only true for China. Where this was not the case, data for the two 

different language versions of the survey were kept separate in further analysis (i.e., 

Canada, Iceland, India, the Philippines, and the UAE). We therefore use the term “national 

groups” rather than “countries” where we are reporting results that include multiple 

languages within countries. 

 Third, measurement invariance of the CNS and NES was tested with MG-CFAs for: 

national groups, languages, gender identities (women vs. men vs. other gender identities), 

and age groups based on Arnett (2000) and Erikson (1968), namely young adulthood (18-24 

years), middle adulthood (25-44 years) and older adulthood (≥ 45 years). Note that testing 

measurement invariance of languages implied mixing different national groups with the 

same language in analysis (e.g., English was the survey language in the UK, the USA, but, 

inter alia, also in one of the Chinese samples). Assuming scalar or at least partial scalar 

measurement invariance, we then examined latent means in these groups and, assuming at 

least metric invariance, we examined associations between the NES and CNS across national 

groups, using factor scores. 

 Fourth, assuming scalar or at least partial scalar measurement invariance, 

sociodemographic correlates of the NES and CNS factor scores were investigated with 

multilevel models (MLMs) across national groups. Predictors were financial security, 

urbanicity (urban vs. rural), education (secondary/tertiary vs. other), marital status 

(committed/married vs. other), and racialised identity (racialised minority vs. other). 

 Mplus 8.8 (Muthén & Muthén, 2022) was used for the CFAs, MG-CFAs, and MLMs. 

Significance was set to p < .05. For the structural analyses, the weighted mean- and 

variance-adjusted weighted least squares estimator (WLSMV) was used to account for the 

ordered-categorical item response formats of the NES and CNS. WLSMV estimates one 
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loading parameter for each item, but #response options – 1 threshold parameters (one for 

each transition of one response option to the next) instead of a single intercept parameter 

per item. To account for missing data (0.4% in the NES, 1.4% in the CNS-14), full information 

maximum likelihood was used.  

 Measurement invariance analyses tested for configural invariance (i.e., same loading 

patterns across groups), metric invariance (i.e., same unstandardised loadings across 

groups), and scalar invariance (i.e., same unstandardised loadings and threshold parameters 

across groups). Based on the configural invariance models, reliability estimates (ω total) are 

presented for all groups. If full scalar measurement invariance could not be assumed, we 

aimed for partial scalar measurement invariance instead (i.e., equal item parameters across 

some groups and items, but not all). For this, the alignment method (e.g., Asparouhov & 

Muthén, 2023) was used for guidance. Alignment does not require exact measurement 

invariance, but instead seeks a solution that minimises the differences in loadings and 

threshold parameters across groups, while still retaining identical fit to the configural 

invariance model. The method provides for each item parameter information on the groups 

for which invariance holds and an R2 measure that indicates the amount of invariance 

(typically, the more invariant, the higher the R2; however, in some special cases, R2 is a poor 

measure of invariance; Asparouhov & Muthén, 2023). This information was used to (a) 

select two items per scale (anchor items) for which invariance was assumed (two anchor 

items being sufficient for the comparison of latent means; Pokropek et al., 2019) and to (b) 

exclude groups that violated invariance the most. Additionally, we looked at the reliability of 

the scales in each group and the contributions of each group to the overall χ2 values of the 

MG-CFAs. If composite reliabilities were low and/or the contributions to the χ2 value were 
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high, compared to sample size, groups were excluded from the final partial scalar 

measurement models.  

 For the assessment of model fit, commonly used fit indices were consulted: the 

comparative fit index (CFI; good/acceptable fit: ≳ .95/.90), the Tucker-Lewis index (TLI; ≳ 

.95/.90), the root-mean square error of approximation (RMSEA; good fit: ≲ .06) and its 90% 

confidence interval, and the standardised root mean square residual (SRMR; good fit ≲ .08; 

Hu & Bentler, 1999). The cut-off for the RMSEA was set to .15 for MG-CFAs with more than 

10 groups (Rutkowski & Svetina, 2014). For the measurement invariance analyses, we 

present ΔCFI and ΔRMSEA values, and Δχ2 tests, but primarily interpreted the former two as 

they were not affected by sample size. For the comparison of metric to configural, and 

scalar to metric invariance models, the cut-offs ΔCFI ≲ .020/.010 and ΔRMSEA ≲ .030/.015 

were used to indicate good fit of the respective stricter model (Rutkowski & Svetina, 2014). 

 For the MLMs, Bayesian estimation (using diffuse priors as specified in Mplus default 

settings) was used. This allowed obtaining correctly standardised (cf. van Assen et al., 2022) 

parameter estimates that were interpreted as measures of effect size (comparable to 

Pearson’s r). For the dichotomous predictors, these estimates were further transformed 

into the metric of Cohen’s d as well. The predictors of financial security, urbanicity, 

education, marital status, and racialised identity were groupmean-centred on Level 1, and 

their cluster-level means were further used as Level-2 predictors. Thereby, associations on 

the individual level (Level 1) and on the cluster-level (national groups; Level 2) could be 

optimally distinguished. However, to avoid overfitting on Level 2, we only kept significant 

Level-2 predictors in the final models. 

3. Results 

3.1. Nature Exposure Scale 
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3.1.1. Structural analysis in the total sample. The unidimensional model had poor to 

borderline fit to the data, judging by its CFI value (and disregarding TLI and RMSEA values, 

because of the small degrees of freedom of this model; Table 2). Items #1 and #3 had lower 

standardised loadings (.54 and .67) than Items #2 and #4 (.84 and .72; all ps < .001). 

Including correlated errors between Items #1 and #2, and #3 and #4, respectively, to 

accommodate the model for their conditional structure improved the model fit considerably 

(to keep this model identified, the strength of the residual association between the two 

items needed to be constrained to equality across pairs). The standardised items loadings in 

this model were .44, .86, .60, and .67, with residual correlations between Items #1 and #2, 

and #3 and #4, of .35 and .27 (all ps < .001). 

 In contrast, a correlated 2-factor model (setting equality constraints for the similar 

loadings in each pair of Items #1 and #3, and #2 and #4 to obtain admissible parameter 

estimates of the residual variances) resulted in a poorer model fit (Table 2). In this model, 

Items #1 and #2 loaded on one factor (nature exposure in everyday life and environments; 

standardised loadings = .62 and .87) and Items #3 and #4 on another (nature exposure 

outside everyday environments; .63 and .89). The latent factor intercorrelation was .76 (all 

ps < .001).  

 Thus, even though there was some indication of potential multidimensionality in the 

NES, a unidimensional model that accommodated the conditional structure of the items 

fitted the data best and was, therefore, used in all subsequent analyses. However, according 

to their threshold parameters, some response options were relatively uninformative, 

because item categories were so close to one another (which was also reflected in the 

relative sparseness of response option endorsement). Thus, response options 1 and 2, and 4 

and 5 were each combined for Items #1 and #3, and response options 1 and 2 for Item #4. 
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Even though this measure only slightly increased some model fit indices and slightly 

decreased others (Table 2), it ensured that sparseness of data did not further complicate the 

subsequent multigroup analyses. Thus, response options were also combined in all 

multigroup analyses. 

3.1.2. Invariance of the cross-language results in the six countries with multiple 

survey languages. The MG-CFA invariance test results are presented in Supplementary 

Table S2. Configural and metric invariance was found for all six countries, but scalar 

invariance only for China. Thus, only the data from China (i.e., Mandarin, Cantonese, and 

English versions) were pooled for the analysis of national groups. This analysis therefore 

included 70 “national groups” from 65 countries. 

3.1.3. Invariance across national groups, languages, gender identities, and age 

groups 

 3.1.3.1. Overall findings. The results of the MG-CFA analyses are presented in Table 

2. The NES showed configural, but neither metric nor scalar invariance, across the 70 

national groups and 40 languages. However, it showed configural, metric, and scalar 

invariance across gender identities and age groups. Scale reliability was not strong. Median 

scale reliability (ω total) across all national groups was .65, ranging from just .16 (UAE 

[Arabic version] though only reliability below .44) to .87 (Saudi Arabia; P25 = .60, P75 = .74). 

Nevertheless, with only 4 items and two correlated errors, scale reliability was judged to be 

sufficient in all national groups (except the UAE Arabic version) for further analyses for 

current purposes. Data from the UAE (Arabic version) were excluded in all further analyses 

of national groups and in the partial measurement model for languages. 

3.1.3.2. National groups. The alignment method (Table S3) suggested the following 

descending ordering of the four NES items concerning their invariance: #2, #4, #3, #1. Item 
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#3 had a higher summed R2 value than Item #4; however, Item #4 had a higher loading and 

exhibited invariance in its parameters in a larger number of national groups than Item #3. 

Items #2 and #4 were, therefore, used as item anchors in a partial scalar measurement 

model. Note that this indicated that the two “nature noticing” items (#2 and #4) were more 

invariant across national groups than the two “nature exposure” items (#1 and #3). In 

addition to the UAE (Arabic version), data from Ecuador, Iran, Iraq, and Spain were also 

subsequently excluded, as they disproportionately decreased the fit of the partial scalar 

measurement model, relative to their sample sizes. 

 For the remaining 65 national groups (including 61 single language countries and 

four multi-language countries), the partial scalar measurement model (using items #2 and 

#4 as anchors) had acceptable fit, χ2 = 7722.24, df = 449, CFI = .913, TLI = .924, RMSEA = .141 

(.138, .144), SRMR = .051. Compared to the UK as a reference category (for purely nominal 

reasons [the first author is based there]), the largest positive differences in self-reported 

nature exposure, as reflected by the latent means on the NES, were for (in descending 

order) Bosnia and Herzegovina, Croatia, and Lithuania, and were in the range of d = 0.98 to 

1.18 (see Figure 2, left panel; for individual Cohen’s d values, see Table S4). The largest 

negative differences compared to the UK were observed for Lebanon, South Korea, and, 

Brazil and were in the range of d = -0.97 to -2.21. 

 3.1.3.3. Languages. Using Items #2 and #4 again as anchor items, the partial scalar 

measurement model had an acceptable fit to the data of the 40 language groups, χ2 = 

6959.85, df = 274, CFI = .926, TLI = .935, RMSEA = .131 (.128, .134), SRMR = .048. Here, the 

largest positive differences in country-level latent means on the NES, compared to English 

(the original scale language), were observed for (in descending order) Bosnian, Lithuanian, 

and Croatian and were in the range of d = 1.04 to 1.18 (see Figure 2, right panel; for 
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individual Cohen’s d values, see Table S5). The largest negative differences were observed 

for Cantonese, Korean, and Portuguese and were in the range of d = -0.87 to -1.68. These 

rankings mostly matched the rankings of the analysis of national groups (see above; but 

note that languages could contain a mix of different national groups, if the language in 

which the scale was presented there was the same; this specifically applied to English). 

3.1.3.4. Gender identities and age groups. Men reported lower nature exposure 

(i.e., had lower NES latent means) than women (Cohen’s d = -0.14, p < .001), as did those 

with other gender identities (d = -0.25, p < .001). Reported nature exposure also increased 

with age: age groups 25-44 years vs. 18-24 years differed by d = 0.14 (p < .001), whereas age 

groups ≥ 45 years vs. 18-24 years by d = 0.48 (p < .001). 

3.2. Connectedness to Nature Scale  

3.2.1. Structural analysis of the CNS-14 and CNS-7 in the total sample. A 

unidimensional model had a poor fit on the CNS-14, χ2 = 56589.17, df = 75, CFI = .921, TLI = 

.904, RMSEA = .115 (.114, .116), SRMR = .048, compared to the CNS-7, χ2 = 5583.20, df = 12, 

CFI = .987, TLI = .978, RMSEA = .090 (.088, .092), SRMR = .017. Additionally, the standardised 

loadings of Items #12 and #13, and of the negatively worded Items #4 and #14, were low (≤ 

.36). Hence, the CNS-7 was used in all subsequent analyses. 

3.2.2. Invariance of the cross-language results in the six countries with multiple 

survey languages. The MG-CFA invariance test results of the cross-language survey 

presentation of the CNS-7 in Canada, China, Iceland, India, the Philippines, and the UAE are 

presented in Supplementary Table S6. Full scalar invariance could be assumed for all 

countries, except Canada and Iceland, for which metric invariance was upheld. In all 

countries, except Canada and Iceland, the available data were pooled for the analysis of 

national groups. Thus, this analysis included 67 national groups from 65 nations. 
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3.2.3. Invariance across national groups, languages, gender identities, and age 

 3.2.3.1. Overall findings. The results of the MG-CFA analyses are presented in Table 

3. The CNS-7 showed configural, metric, and scalar invariance across gender identities and 

age groups, but only configural and metric invariance for the 67 national groups and 40 

languages. Median scale reliability (ω total) across all national groups was considerably 

higher than the NES (.92), ranging from .64 (Iraq) to .97 (Spain; P25 = .89, P75 = .93). Bosnia 

and Herzegovina (.73) was the only other country below .80. 

 3.2.3.2. National groups. Using the alignment method, we obtained information on 

items and item parameters that were most invariant among the 67 national groups (Table 

S7). According to the summed R2 values across the loading and all threshold parameters per 

item (to get an indication of overall item invariance), Items #7, #5, and #2 (in this order) 

appeared to be the most invariant. However, it was Items #2 and #7 whose loadings were 

also invariant amongst the largest number of national groups (Item #5 had the lowest 

number here). Hence, we opted for using Items #2 and #7 as anchor items in a partial scalar 

measurement model. Considering the low scale reliabilities in the Iraq and Bosnia and 

Herzegovina data, we excluded these national groups from this analysis. Data of these two 

countries were also excluded in all further analyses of national groups and in the partial 

measurement model of languages. 

 The partial scalar measurement model had a good fit to the data, χ2 = 10264.83, df = 

1164, CFI = .982, TLI = .979, RMSEA = .095 (.094, .097), SRMR = .026. Comparing all other 

national groups to the UK, the ordering and magnitude of standardised latent mean 

differences (Cohen’s d) are provided in Figure 2 (individual Cohen’s d values are provided in 

Table S8). The largest positive differences were observed for (in descending order) Nepal, 

Iran, and South Africa and were in the range of d = 1.20 to 1.39 (see Figure 1, left panel), 
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suggesting that participants from these nations reported higher connectedness to nature 

compared to the United Kingdom. The largest negative differences were observed for Israel, 

Japan, and Spain and were in the range of d = -0.30 to -0.61. 

 3.2.3.3. Languages. Using Items #2 and #7 as anchor items again, the partial scalar 

measurement model had a good fit on the data of the 40 language groups, χ2 = 8666.51, df = 

716, CFI = .985, TLI = .983, RMSEA = .088 (.086, .090), SRMR = .023. Comparing all other 

languages to English (again the original scale language), the ordering and magnitude of 

standardised latent mean differences (Cohen’s d) are provided in Figure 2 (individual 

Cohen’s d values are provided in Table S9). The largest positive differences were observed 

for (in descending order) Nepali, Bangla, and Farsi and were in the range of d = 0.63 to 0.88 

(see Figure 2, right panel). The largest negative differences were observed for Dutch, 

Hebrew, and Japanese and were in the range of d = -0.40 to -0.69. These rankings mostly 

matched the rankings of the analysis of national groups (see above). 

 3.2.3.4. Gender identities and age groups. Men reported slightly lower 

connectedness to nature (CNS-7 latent means) than women (Cohen’s d = -0.08, p < .001). 

Other gender identities reported similar connectedness to women (d = 0.02, p = .79). 

Connectedness to nature also increased with age: age groups 25-44 years vs. 18-24 years 

differed by d = 0.17 (p < .001), whereas age groups ≥ 45 years vs. 18-24 years by d = 0.36 (p 

< .001). 

3.3. Associations Between NES and CNS-7 Factor Scores Within National Groups 

 In the 65 national groups for which both CNS-7 and NES factor scores could be 

computed, the association between nature exposure and connectedness to nature ranged 

from r = -.13 (Cyprus) to .22 (Malta), with r = .03 in median. That is, the median correlation 

between these two constructs across the 65 national groups was practically nil. 
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3.4. Sociodemographic Correlates of NES and CNS-7 Factor Scores 

 At the individual (Level-1) level, higher financial security, living in rural (vs. urban) 

settings, secondary/tertiary (vs. other) educational qualification, and being in a committed 

relationship or married (vs. other) were all associated with both greater nature exposure 

and connectedness to nature (see Table 4). Being a member of a racialised minority (vs. 

other) was associated with lower nature exposure. All associations at this individual level 

were, however, small and statistically explained only small amounts of the Level-1 variance. 

Expressed as Cohen’s ds, the effect sizes for the dichotomous predictors of nature exposure 

and connectedness to nature, respectively, were as follows: urban vs. rural living setting, -

0.25/-0.10; secondary/tertiary vs. other educational qualification, 0.02/0.05; and 

committed/married vs. other, 0.07/0.11. For racial minority (vs. other), Cohen’s d was -0.04 

for nature exposure and non-significant for nature connectedness. 

 At the national group cluster-level (Level 2), connectedness to nature was not 

associated with any of the sociodemographic variables. However, higher cluster-level means 

of nature exposure were associated with lower cluster-level means (i.e., lower prevalence 

rates) of living in urban (vs. rural) settings and of being a member of a racial minority (vs. 

other), and thus included in the final model. In other words, countries (including those with 

multiple languages) with more rural respondents had higher nature exposure and those 

with more racial minority respondents had lower overall nature exposure, echoing the 

Level-1 results. These cluster-level associations were sizeable and, combined, explained 26% 

of the Level-2 variance. 

4. Discussion 

 Here, we used the BINS dataset – with data from 56,968 respondents across 65 

nations and 40 languages – to conduct the most comprehensive assessment of the factorial 
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validity and measurement invariance of the NES and CNS. In terms of the NES, reliability 

across countries was highly variable with many countries falling below the usual thresholds 

of acceptability. A unidimensional model of the NES did, however, show full scalar 

invariance across gender identities and age groups; partial scalar invariance was also found 

for all languages and all but five national groups. In terms of the CNS, our results are 

consistent with previous work suggesting that the 14-item, unidimensional model of this 

instrument has poor factorial validity (Pasca et al., 2017; Rosa et al., 2022). Conversely, the 

CNS-7 showed full scalar invariance across gender identities and age groups, and partial 

scalar invariance across all languages and all but two national groups. Associations between 

nature exposure and connectedness to nature across nations were negligible, although we 

did find significant (albeit weak) individual level associations between both constructs and 

several sociodemographic factors.  

4.1. Nature Exposure 

 We tested both a unidimensional model of the NES with all four items and a 

correlated 2-factor model, with equality constraints set for the two items that most closely 

assess “nature exposure” (#1 and #3) and “noticing nature” (#2 and #4), respectively. In the 

total sample, the 2-factor model had poor fit to the data, with item loadings reflecting 

“nature exposure” in everyday environments (#1 and #2) and outside everyday 

environments (#3 and #4), rather than an “exposure-noticing” split. In contrast, a 

unidimensional model had adequate fit to the data, although we did find that the “nature 

exposure” items had lower standardised loadings than the “noticing nature” items. 

Including correlated errors between two item pairs (#1 and #2, and #3 and #4, respectively) 

substantially improved fit of the unidimensional model. In short, although the NES does 

present some indication of possible statistical multidimensionality, this does not obviously 
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align with face validity of the items, and a unidimensional model presented the best fit to 

the data anyway.  

 Although this unidimensional model of the NES showed configural invariance, it did 

not show metric or scalar invariance across national groups and languages. This suggests 

that, while there may be a near-universally plausible basic organisation of the nature 

exposure construct – as measured using the NES – each item does not contribute to the 

latent construct in the same way across nations or languages, making it a problematic 

measure to use in cross-cultural research. It was nonetheless possible to achieve partial 

scalar invariance across all but five of the national groups (i.e., UAE [in Arabic], Ecuador, 

Iran, Iraq, and Spain) represented in the analyses and all 40 languages, suggesting that it 

may tap a common latent construct across national groups and languages, albeit with some 

variation in meaning.  

There were also large inter-nation and inter-language differences in NES scores. 

These results may reflect actual cross-national differences in exposure to natural 

environments, as evidenced by the large variations seen in Figure 1. Content-wise, these 

differences appeared to be particularly driven by differences in “noticing nature” (Items #2 

and #4 were the primary contributors to latent NES scores) but may have also been affected 

by differences in the meaning of “exposure to nature” across national groups (McPhie & 

Clarke, 2020). Here, we highlight Brazilian participants as an outlier in terms of their low 

latent NES scores (see Figure 1). Reasons for this are unclear but may reflect difficulties that 

Brazilian participants experience in noticing natural environments, despite their proximity to 

such environments (see Profice et al., 2023). Alternatively, it may reflect low levels of nature 

exposure that many urban dwellers in low- and lower-middle income nations have due to a 
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lack of time, money, and nearby natural environments (Awoyemi et al., 2024) or a perceived 

lack of safety in natural environments (e.g., due to social unrest).  

 Conversely, there was evidence that the unidimensional model of the NES achieved 

full scalar invariance across gender identities and age groups. In terms of gender identities, 

women reported significantly greater nature exposure than men and individuals who 

identified their gender in another way, although effect sizes were small. This is a curious 

finding, particularly as studies in Western nations have generally identified a gender gap in 

nature contact, with women visiting natural environments less frequently than men (e.g., 

Boyd et al., 2018), possibly because of experiences of fear and vulnerability in natural 

environments or due to societal and gendered norms that mean women often feel a lack of 

entitlement to leisure time in general (Day, 2000). It is possible that this discrepancy across 

studies is due to the inclusion of “noticing nature” in the NES and possibly women having a 

greater tendency to “notice nature” because they may be more sensitive to particular 

settings that may evoke fear, anxiety, and negative emotions (van den Berg & ter Heijne, 

2005). In terms of age, self-reported nature exposure using the NES generally increased 

from emerging to older adulthood. It is likely that the latter group has greater time and 

opportunities to engage with nature (Freeman et al., 2019) and may also have a fuller 

understanding of the natural world, which in turn may enhance their abilities to “notice” the 

natural environment (Ojala, 2009).  

4.2. Connectedness to Nature 

 The CNS results indicated that a unidimensional model including all 14 items had 

poor fit. Although the 14-item model demonstrated adequate fit in some previous research 

(e.g., Li & Wu, 2016; Mayer & Frantz, 2004; Pessoa et al., 2016), our findings corroborate 

more recent difficulties replicating this model (e.g., Navarro et al., 2017; Olivos et al., 2013; 
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Pearce et al., 2022). As Pasca and colleagues (2017) have suggested, it is highly likely that 

some CNS items either perform poorly – for linguistic, conceptual, or semantic reasons – or 

are redundant in some national contexts. Adopting an Item Response Theory approach also 

suggested that some items may inadequately discriminate between individuals who vary in 

their degree of connectedness to nature (Pasca et al., 2017). For these reasons, Pasca and 

colleagues (2017) recommended using a truncated version of the CNS that includes only 

seven of the 14 original items, which has been found to have a unidimensional factor 

structure in previous work (Rosa et al., 2022).  

 Using this CNS-7, our results suggested that configural and metric invariance was 

supported across nations, languages, gender identities, and age groups. In terms of national 

groups and languages, the lack of full scalar invariance is consistent with previous work in 

seven European nations, where only configural and metric invariance was found (Navarro et 

al., 2022). One possible reason for the lack of scalar invariance of the CNS-7 across national 

groups and languages is that this instrument – and indeed the construct of connectedness 

to nature itself – is steeped in a boundary distinction between humans and the natural 

environment (i.e., that one can be distinct or disconnected from nature). As Fletcher (2017, 

p. 228) has suggested, however, this view is grounded in a “culturally specific… conceptual 

dichotomy between opposing realms of ‘nature’ and ‘culture’” that is characteristic of 

wealthy, Western nations. In other words, the suggestion that humans can be separate from 

nature – or, indeed that humans are not nature – may be a cultural worldview with limited 

global application, which in turn may explain the lack of scalar invariance in relation to the 

CNS-7 in the present study. 

 Having said this, full scalar invariance is often an unrealistic goal for datasets with a 

large number of groups (Marsh et al., 2018). Importantly, our results also suggested that it 
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was possible to achieve partial scalar invariance of the CNS-7 across all but two national 

groups (i.e., Iraq and Bosnia and Herzegovina, respectively) and all 40 languages 

represented in the BINS. This is important theoretically because it suggests that the CNS-7 

can be used to measure a latent construct of connectedness to nature that may have near-

universal applicability, albeit with some possible loss of meaning. From a practical point-of-

view, achieving partial scalar invariance means that we were able to compare latent CNS-7 

means across national groups and languages, with our results showing large cross-national 

and cross-language differences in CNS-7 latent means. Understanding why such differences 

exist is, however, more difficult and only preliminary explanations can be put forward based 

on the present data.  

 Richardson et al. (2022b), for instance, suggested that lower country-level nature 

connectedness may reflect historical interactions with, and attitudes towards, the natural 

world. Observing that all six of the countries with the lowest nature connectedness scores in 

an 18-country study by White and colleagues (2021) were at some time subject to British 

rule, Richardson et al. (2022b) wondered whether early industrialisation and urbanisation of 

the UK, and resource extraction and exploitation of its colonies, encouraged seeing nature 

as external and separate to human lives. However, although the UK again had very low 

levels of CNS in the present research, as did some of its former colonies (e.g., Australia, 

Canada [English], Ireland, and the USA), other former British colonies, notably on the African 

continent, including South Africa, Nigeria, and Ghana, were among the countries with the 

highest CNS. An alternative suggestion, therefore, is that it is the English language version 

that results in lower CNS scores, an idea supported by the English versus French/Icelandic 

data from Canada and Iceland data, but undermined by the fact that these three African 

countries also used the English language version.  
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 More broadly, therefore, it appears that the variation in connectedness to nature 

across nations and languages may reflect differences in the ways that connectedness to 

nature is constructed, negotiated, and experienced by different communities (see McPhie & 

Clarke, 2020). That is, what it means to be “connected to nature” or experience a sense of 

oneness with nature likely varies across nations and/or cultures, which results in the type of 

variation that can be seen in Figure 2 when individuals are asked to self-report their 

experiences. It is also possible that cultural practices and traditions that foster both 

connectedness to nature, as well as the ability to articulate that connectedness, varies 

across national groups (Keaulana et al., 2021). For instance, there is some evidence to 

suggest that individuals in Nepal and Bangladesh – two nations that had very high latent 

CNS-7 scores in the present study – live in ways that are intimately connected to the natural 

world (Widdop Quinton & Khatun, 2020). Further work is clearly needed to explore these 

issues in greater depth.   

In terms of gender identities, we found that the CNS-7 showed full scalar invariance 

across women, men, and individuals who identified their gender in another way. The CNS-7 

taps a common underlying construct of connectedness to nature that is not differentially 

affected by gender identities. Women reported higher nature connectedness than men, 

consistent with previous work showing that women have greater environmental concern 

(e.g., Xiao & McCright, 2015) and dispositional empathy with nature (Tam, 2013), though 

effect sizes were relatively small. Additionally, we found that the CNS-7 was fully invariant 

across age groups, with connectedness to nature generally increasing from emerging 

adulthood to older adulthood, though again group differences were relatively small.  

4.3. Correlates of Nature Exposure and Connectedness  
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 Contrary to our hypothesis, the median correlation between nature exposure and 

nature connectedness, as measured using the NES and CNS, across nations was practically 

nil. This finding stands in contrast to previous cross-sectional (e.g., Fränkel et al., 2019; 

Martin et al., 2020) and experimental studies (Sheffield et al., 2022) that have shown these 

constructs to be weakly-to-moderately correlated. Moreover, where studies have assessed 

these constructs using the NES and CNS, respectively, reported associations have tended to 

be moderate-to-large (Baceviciene et al., 2021; Swami, Barron et al., 2016; Picanço et al., 

2024; Swami et al., 2020). In these studies, however, the significant associations may have 

been inflated through the use of ecological correlations in singular nations. 

 Instead, the present results suggest that the true variation in the association 

between nature exposure (measured using the NES) and connectedness to nature 

(measured using the CNS-7) across nations may be relatively wide. This raises questions 

about what exactly is being measured by the NES, and how. While we acknowledge the 

rationale for the scale to want to incorporate the three types of exposure explored in the 

literature (local, active visits, and awareness) into a single measure, the way this is 

operationalised is logically problematic because there is no longer any single underlying 

latent construct. While Items #2 and #4 both tap into “nature-noticing” using the same 

response options, Items #1 and #3, by design, are interested in different types of “nature-

exposure” and use different response options. It is perhaps not surprising, then, that the 

reliability across many countries was low.  

Although there was some statistical evidence that the items could be collapsed into 

a unidimensional scale representing a single underlying factor, it was perhaps not surprising 

that Items #2 and #4 were the strongest since they were the only two measuring the same 

thing in the same way. By contrast, the 4-item scale lacks clear conceptual or face validity. 
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So, if the NES is not measuring nature exposure, what is it measuring? One possibility is that 

it is heuristically measuring a general attitude towards the natural world with people 

generally interested in nature answering relatively positively to the four items and vice 

versa. If this were the case, however, one might still expect stronger associations between 

NES scores and connectedness to nature. Another possibility is that the NES is measuring 

different types of “exposure” in a single metric, and which form of exposure is most salient 

or relevant may depend on the national or linguistic context.  

 In terms of relations of the two instruments to selected demographics, both greater 

nature exposure and connectedness to nature were significantly (but weakly) associated 

with greater financial security, rural residence (versus urban residence), higher education, 

being in a committed relationship (versus being single), and being in a racial majority in a 

specific country. Broadly speaking, the significant associations with financial security, higher 

education, and racial majority status reflect known socioeconomic inequities in terms of the 

distribution of, and outcomes of exposure to, natural environments (e.g., Gerrish & Watkins, 

2018; Murdock, 2019; Nesbitt et al., 2019). Likewise, the significant association with rurality 

is perhaps to be expected and consistent with previous findings (e.g., Carrus et al., 2020; 

Martin & Czellar, 2017). The finding that those in committed relationships were more likely 

to report greater connectedness to nature and nature exposure than those who were single 

is also consistent with existing research (e.g., Teixeira et al., 2023) and may reflect the 

beneficial impact of social support in nature engagement. Racialised minority individuals 

may also experience natural environments differently to majority groups (e.g., in terms of 

perceived safety, comfort, a sense of belonging) due to historic and contemporary inequities 

stemming from structural racism (Collier, 2022; Roberts et al., 2023), which impacts ongoing 

nature exposure.  
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4.4. Constraints on Generalisability and Directions for Future Research 

 Although the present work provides one of the largest cross-national databases on 

nature exposure and connectedness to nature, our findings should be considered in light of 

a number of constraints on their generalisability (Simons et al., 2017). First, our sampling 

strategy was opportunistic in most cases and, as such, the individual samples should not be 

considered representative of a particular nation. This may reduce the generalisability of our 

findings, particularly when making comparisons across nations or linguistic groups. 

Relatedly, although one of the strengths of the BINS dataset is the focus on operational 

equivalence across research sites (Swami et al., 2022), we cannot entirely rule out small 

differences in recruitment and survey completion (e.g., in terms of online versus offline 

completion, participant remuneration, specific recruitment methods). Also related to 

recruitment, because the BINS dataset was researcher-crowdsourced, our data was under-

represented in several world regions (e.g., Africa, Central Asia, the Caribbean, Central 

America), though this is a common limitation of many large-scale, cross-national studies 

(Krys et al., 2024).  

 Another constraint on generalisability was that specific conditions during the period 

of data collection – which extended over 15 months and took place in the shadow of the 

COVID-19 pandemic – may have varied substantially across nations. This is particularly 

important when considering that pandemic-related policies may have directly impacted 

one’s ability to spend time in nature (e.g., due to periods of lockdown; Stieger et al., 2021). 

These varying conditions make it difficult to know to what extent our data are temporally 

reliable and whether specific pandemic-related experiences (e.g., being in lockdown, 

severity of the pandemic, national and international responses to the pandemic, none of 

which were measured in our survey) may have affected our findings. Still, given the 
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consistency of factor structures across groups, any biases in results are likely to be reflected 

in latent group differences.  

Finally, because the BINS dataset consists of self-reported data, we cannot rule out 

common-method biases. On this note, there was some evidence of response-scale 

spareness in terms of the NES (i.e., some response options were rarely utilised), which may 

have affected our findings. Yet, even though some response options had to be combined to 

make the multigroup analyses feasible, this measure is not needed when utilising the 

instrument. We still recommend using its 5-point response scale, but expect that some 

response options will only be seldomly used. Also, there was evidence of insufficient fit of a 

unidimensional model for the NES in a number of countries, which may further limit its 

applicability. 

Our findings also raise several important questions that could be more fully 

answered in future research. For instance, it is unclear at present why instrument composite 

reliabilities were less-than-adequate in some linguistic or national groups (e.g., the Arabic 

NES in the United Arab Emirates or the CNS in Iraq and Bosnia and Herzegovina). Likewise, 

while our work provides a useful starting point, much more can be done to interrogate and 

understand latent national and linguistic differences in nature exposure and connectedness 

to nature. More generally, it remains important to explore the diverse ways that “nature” 

and “nature connectedness” are conceptualised, understood, and lived in diverse cultural 

contexts, as well as the ways in which nuances in understandings of “nature” affect human 

behaviour (Droz et al., 2022). Doing so will help researchers and practitioners ensure that 

voices from diverse populations worldwide are not rendered invisible or muffled in the 

scientific literature. 

4.5. Conclusion 

Jo
urn

al 
Pre-

pro
of



Nature Exposure and Connectedness 35 

 These constraints on generalisability notwithstanding, the present work suggests 

that the CNS-7 is a useful tool for assessing a latent connectedness to nature construct 

across national and linguistic groups, gender identities, and adult age groups. While our 

statistical analyses also pointed to the potential use of the NES to generate a univariate 

score representing nature exposure, important questions remain around this instrument’s 

face and nomological validity. While we conclude that the CNS-7 can be used in cross-

national and cross-linguistic research with no substantive loss of meaning, we also caution 

that our work was not set up to investigate and understand localised, cultural meanings and 

experiences of connectedness to nature. Further work is needed to robustly capture nature 

exposure. One may flip our methodological design and utilise more emic approaches in the 

future to fully understand geographic, cultural, and linguistic variations in how nature is 

experienced and how connectedness to nature manifests (e.g., Sedawi et al., 2021).  
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Table 1  1 

Sample Descriptions of Data from the Body Image in Nature Survey (BINS). 2 

Nation Sample size Mean age 

(SD) 

%Women Mean 

financial 

security (SD) 

%Urban 

residence 

%Secondary/ 

tertiary 

education 

%In 

committed 

relationship 

or married 

%Racialised 

minority 

Argentina 670 35.36 (13.6) 57 2.13 (0.7) 98 81 50 9 

Australia 1,038 35.23 (13.1) 71 1.90 (0.8) 93 77 55 18 

Austria 1,279 41.99 (16.5) 54 2.08 (0.7) 67 62 63 9 

Bahrain 441 30.47 (9.8) 74 1.98 (0.6) 98 87 51 8 

Bangladesh 460 29.30 (8.6) 42 1.78 (0.8) 88 80 51 13 

Bosnia & 

Herzegovina 

406 43.93 (10.9) 64 2.15 (0.7) 87 90 70 16 

Brazil 1,462 36.77 (12.0) 58 2.21 (0.7) 99 86 66 12 

Bulgaria 248 33.52 (14.1) 62 2.16 (0.6) 92 54 52 4 
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Canada (English) 336 24.61 (10.0) 83 2.10 (0.7) 82 36 48 14 

Canada (French) 806 38.22 (12.8) 88 2.29 (0.7) 78 95 72 7 

Chile 422 36.14 (13.6) 79 2.28 (0.8) 94 73 41 8 

China (Cantonese) 409 20.50 (5.9) 58 2.18 (0.7) 100 96 2 2 

China (English) 349 21.93 (5.3) 65 1.79 (0.7) 97 62 26 6 

China (Mandarin) 1,231 35.00 (7.3) 69 1.82 (0.6) 95 92 86 4 

Colombia 793 27.15 (11.5) 60 2.01 (0.8) 96 57 22 7 

Croatia 898 39.10 (12.1) 59 2.08 (0.7) 71 91 69 2 

Cyprus 363 34.31 (9.6) 65 2.09 (0.7) 87 69 64 4 

Czechia 700 38.10 (17.0) 66 2.29 (0.6) 82 75 62 2 

Ecuador 863 30.97 (12.3) 53 1.81 (0.8) 86 65 33 11 

Egypt 1,627 23.62 (8.7) 72 2.06 (0.6) 98 86 27 6 

Estonia 449 38.93 (14.1) 63 2.10 (0.7) 80 64 58 2 

France 562 36.01 (14.2) 76 2.08 (0.7) 64 67 47 NA 

Germany 620 31.01 (11.9) 62 2.18 (0.8) 83 64 58 12 
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Ghana 434 21.97 (4.5) 41 2.08 (0.8) 84 72 32 26 

Greece 556 31.49 (11.8) 65 2.03 (0.7) 91 63 55 5 

Hungary 654 32.80 (13.4) 69 2.07 (0.6) 72 69 63 2 

Iceland (English) 1,149 38.50 (17.5) 50 2.27 (0.7) 92 61 65 11 

Iceland (Icelandic) 432 54.91 (15.5) 54 2.05 (0.6) 75 81 78 3 

India (Hindi) 1,664 32.07 (11.8) 45 2.14 (0.8) 73 78 45 13 

India (Tamil) 376 36.78 (12.1) 52 1.71 (0.6) 57 65 70 37 

Indonesia 292 19.79 (3.2) 72 1.76 (0.5) 87 43 14 3 

Iran 1,318 33.46 (11.3) 60 1.99 (0.6) 95 82 61 29 

Iraq 405 34.13 (12.1) 33 1.49 (0.5) 100 97 45 53 

Ireland 351 33.73 (12.4) 50 2.11 (0.8) 76 80 62 5 

Israel 493 30.77 (11.6) 62 2.13 (0.7) 87 67 32 7 

Italy 2,307 33.17 (14.0) 62 1.95 (0.6) 81 67 61 6 

Japan 360 49.44 (16.6) 100 1.79 (0.6) 90 81 61 8 

Kazakhstan 380 30.07 (11.3) 53 2.04 (0.6) 94 76 48 11 
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Latvia 827 41.04 (12.8) 66 2.02 (0.7) 74 82 69 4 

Lebanon 1,295 25.74 (12.3) 67 1.93 (0.7) 70 63 33 16 

Lithuania 491 40.34 (12.8) 51 2.05 (0.6) 72 84 74 3 

Malaysia 1,193 27.81 (8.7) 69 1.74 (0.6) 76 84 29 30 

Malta 347 35.52 (15.4) 72 2.10 (0.7) 78 71 60 7 

Nepal 353 25.78 (6.0) 50 1.77 (0.7) 82 98 28 5 

Netherlands 1,004 46.81 (16.3) 53 2.05 (0.6) 61 98 69 9 

Nigeria 1,274 31.64 (9.2) 34 1.85 (0.8) 93 64 63 14 

Norway 360 41.24 (11.6) 77 2.17 (0.7) 78 92 77 4 

Pakistan 267 20.59 (2.7) 28 2.16 (0.9) 100 47 83 49 

Palestine 401 27.64 (9.5) 25 2.01 (0.6) 81 90 42 7 

Philippines (English) 350 24.87 (11.2) 0 2.03 (0.7) 97 56 24 13 

Philippines (Tagalog) 504 37.43 (11.9) 73 1.83 (0.7) 97 89 65 16 

Poland 1,954 30.51 (11.9) 62 1.99 (0.7) 74 63 56 3 

Portugal 363 36.53 (17.9) 68 2.05 (0.7) 85 81 37 5 
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Romania 1,819 26.94 (10.8) 53 2.05 (0.7) 80 49 60 5 

Russia 206 39.94 (11.8) 71 1.84 (0.5) 97 84 67 8 

Saudi Arabia 380 28.02 (9.7) 55 2.03 (0.7) 94 83 33 20 

Serbia 650 30.72 (11.3) 56 2.20 (0.7) 95 65 65 10 

Slovakia 814 37.79 (14.7) 54 1.92 (0.6) 65 75 67 4 

Slovenia 452 36.84 (14.9) 59 2.16 (0.7) 49 87 66 2 

South Africa 318 35.15 (16.1) 53 1.74 (0.8) 78 73 45 31 

South Korea 381 27.60 (9.7) 48 1.89 (0.6) 98 54 43 52 

Spain 1,266 34.54 (16.3) 52 2.17 (0.8) 88 82 43 5 

Switzerland 377 46.48 (15.2) 52 1.98 (0.7) 62 51 66 5 

Taiwan 529 41.36 (13.6) 60 2.48 (0.7) 90 92 67 7 

Thailand 3,275 25.85 (10.8) 62 1.76 (0.6) 87 45 23 6 

Tunisia 374 41.62 (15.2) 55 2.10 (0.6) 96 90 63 0 

Türkiye 2,518 31.63 (11.5) 57 1.98 (0.8) 97 61 57 14 

Ukraine 141 39.00 (11.7) 59 1.74 (0.6) 95 87 71 9 
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United Arab 

Emirates (Arabic) 

204 26.37 (6.7) 73 2.07 (0.4) 99 35 39 10 

United Arab 

Emirates (English) 

904 27.50 (11.8) 36 2.13 (0.8) 98 73 43 31 

United Kingdom 1,243 37.99 (13.9) 54 2.03 (0.7) 84 87 68 23 

United States of 

America 

2,531 35.35 (12.7) 62 1.93 (0.7) 85 82 61 20 

Note. SD = standard deviation3 
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Table 2 

Analyses of the NES in the Total Sample and Invariance of the NES Concerning National Groups, Language, Gender Identity, and Age. 

Grouping variable and 

type of model 

      Model comparisons 

χ2(df) CFI TLI RMSEA 90% CI SRMR ΔCFI ΔRMSEA Configural Metric 

Total sample           

   1F 6369.45(2) .944 .831 .236 [.232, .241] .043     

   1FCE 1754.73(1) .984 .907 .175 [.169, .182] .021     

   1FCE + CRO 1493.96(1) .984 .902 .162 [.155, .169] .027     

   2FConL 4434.23(2) .961 .882 .197 [.192, .202] .042     

   2FConL + CRO 3367.73(2) .963 .889 .172 [.167, .177] .048     

National groups          

   Configural invariance 1423.31(139) .987 .961 .107 [.102, .112] .034         

   Metric invariance 6951.05(346) .934 .920 .153 [.150, .156] .066 .053 .046 5300.73(207)   

   Scalar invariance 19559.39(691) .812 .886 .183 [.181, .185] .084 .124 .030 17980.50(552) 13946.75(345) 

Language           

   Configural invariance 1579.37(79) .985 .954 .115 [.111, .120] .032         
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   Metric invariance 5970.23(196) .942 .929 .144 [.141, .147] .055 .043 .029 4266.41(117)   

   Scalar invariance 17242.02(430) .831 .906 .166 [.164, .168] .072 .023 .022 15544.82(351) 12088.40(234) 

Gender identity           

   Configural invariance 1052.28(5) .989 .959 .105 [.100, .110] .027         

   Metric invariance 863.35(11) .991 .985 .064 [.060, .068] .027 -.002 -.041 23.19(6)   

   Scalar invariance 989.69(23) .989 .992 .047 [.045, .050] .028 .002 -.017 134.03(18) 120.26(12) 

Age           

   Configural invariance 1206.13(5) .987 .952 .112 [.107, .118] .027         

   Metric invariance 1048.65(11) .989 .981 .070 [.067, .074] .028 -.002 -.042 150.04(6)   

   Scalar invariance 1473.44(23) .984 .987 .058 [.055, .060] .031 .005 -.012 536.33(18) 414.80(12) 

Note. 1F = 1-factor model; 1FCE = 1-factor model with correlated errors between Items #1 and #2, and #3 and #4; 1FCE + CRO = 1FCE model 

with combined response options in Items #1, #3, and #4 (see main text for details); 2FConL = correlated 2-factors model with equality 

constraints on the loadings of Items #1 and #3, and #2 and #4; 2FConL + CRO = 2FConL model with combined response options in Items #1, #3, 

and #4 (see main text for details). All ps of χ2 and Δχ2 tests (comparisons of the multigroup models) were < .001. Gender identity compared 

groups of women, men, and other gender identity, age compared groups of participants with 18-24 years, 25-44 years, ≥ 45 years of age. 

Jo
urn

al 
Pre-

pro
of



Table 3 

Invariance of the CNS-7 Concerning National Groups, Language, Gender Identity, and Age. 

       Model comparisons 

Grouping variable χ2(df) CFI TLI RMSEA 90% CI SRMR ΔCFI ΔRMSEA Configural Metric 

National groups          

   Configural invariance 8001.09(804) .986 .976 .103 [.101, .105] .024         

   Metric invariance 9076.08(1200) .985 .982 .088 [.086, .090] .028 .001 -.015 2679.88(396)   

   Scalar invariance 33207.52(2520) .941 .967 .120 [.119, .121] .044 .044 .032 25335.58(1716) 25786.21(1320) 

Language           

   Configural invariance 6625.49(480) .988 .980 .095 [.093, .097] .020         

   Metric invariance 7376.45(714) .987 .985 .081 [.079, .083] .024 -.005 -.014 2167.62(234)   

   Scalar invariance 27691.05(1494) .951 .972 .111 [.110, .112] .038 .036 .020 21099.45(1014) 21599.26(780) 

Gender identity           

   Configural invariance 5361.43(36) .988 .979 .088 [.086, .090] .017         

   Metric invariance 3851.56(48) .992 .989 .065 [.063, .066] .017 -.004 -.023 120.35(12)   

   Scalar invariance 4026.67(88) .991 .994 .049 [.047, .050] .018 .001 -.016 766.62(52) 710.21(40) 
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Age           

   Configural invariance 5784.07(36) .987 .977 .092 [.090, .094] .017         

   Metric invariance 3981.35(48) .991 .988 .066 [.064, .067] .017 -.004 -.026 150.24(12)   

   Scalar invariance 4236.02(88) .991 .993 .050 [.049, .051] .018 .000 -.016 837.15(52) 757.37(40) 

Note. All ps of χ2 and Δχ2 tests (model comparisons) were < .001. Gender identity compared groups of women, men, and other gender identity, 

age compared groups of participants with 18-24 years, 25-44 years, ≥ 45 years of age. 
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Table 4 

Sociodemographic Correlates of Nature Exposure and Connectedness to Nature. 

 Nature exposure Connectedness to nature 

Predictor Estimate 

(posterior SD) 

95% credibility 

interval 

p (one-

tailed) 

Estimate 

(posterior SD) 

95% credibility 

interval 

p (one-

tailed) 

Level 1: Individual level       

   Financial security 0.07 (0.004) [0.06, 0.08] < .001 0.02 (0.005) [0.01, 0.03] < .001 

   Urbanicity -0.12 (0.004) [-0.13, -0.12] < .001 -0.05 (0.004) [-0.06, -0.04] < .001 

   Education 0.01 (0.004) [0.005, 0.02] < .001 0.03 (0.004) [0.02, 0.04] < .001 

   Marital status 0.04 (0.005) [0.03, 0.05] < .001 0.05 (0.004) [0.05, 0.06] < .001 

   Racialised status -0.02 (0.005) [-0.03, -0.01] < .001 0.002 (0.004) [-0.005, 0.01] .29 

Level 2: Cluster-level means      

   Urbanicity -0.35 (.098) [-0.51, -0.14] < .001    

   Racialised status -0.30 (.103) [-0.46, -0.05] < .001    

Random Effects        
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   Intercept residual 

variance 

0.74 (0.09) [0.56, 0.92] < .001 1.00 (0.00) NA < .001 

Explained variance (Level 

1/Level 2) 

2% / 26%   0.7% / 0%   

Note. Estimates are on a standardised scale. SD = standard deviation. Significant (one-sided p < .025) estimates are highlighted in boldface. 
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Figure 1 

Ordering and Magnitude of Standardised Latent Mean Differences (Cohen’s d) in the NES 

Between National Groups (as Compared to the UK; Left) and Languages (as Compared to 

English; Right). 
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Note. Data from UAE (Arabic version), Ecuador, Iran, Iraq, and Spain were excluded either 

due to poor scale reliability or poor fit in the partial measurement model (see main text). 
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Figure 2 

Ordering and Magnitude of Standardised Latent Mean Differences (Cohen’s d) in the CNS-7 

Between National Groups (as Compared to the UK; Left) and Languages (as Compared to 

English; Right). 

 

Jo
urn

al 
Pre-

pro
of



Nature Exposure and Connectedness 71 

Note. Data from Iraq and Bosnia and Herzegovina were excluded due to the poor scale 

reliabilities in these countries.
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Appendix 1 

The Nature Exposure Scale (NES) 

Two of the four NES items ask about nature exposure in one’s everyday life and 

environments: Item #1 “In your everyday home, travel, and work environments and 

activities, please rate your level of exposure to ‘natural environments” with options ranging 

from ‘High (most of my everyday environment is natural)’ (5)’, to ‘Low (very little of my 

everyday environment is natural)’ (1),  and Item #2 “How much do you notice the natural 

environments in your everyday life?” with options ranging from ‘A great deal’ (5), to ‘Not 

much’ (1). Two further items ask about nature exposure during excursions outside of one’s 

everyday environments: Item #3 “Please rate the frequency (how often) of exposure to 

nature-rich environments outside of your everyday environment” with options ranging from 

‘High (once a month or more often)’ (5), to ‘Low (once a year or less)’ (1),  and Item #4 “How 

much notice would you take of nature in these environments?” with the same response 

options as item 2.  

 

The Connectedness to Nature Scale (CNS) 

The 14 items of the CNS are as follows, with response options ranging from 1 

(strongly disagree) to 5 (strongly agree): #1 “I often feel a sense of oneness with the natural 

world around me”, #2 “I think of the natural world as a community to which I belong”, #3 “I 

recognize and appreciate the intelligence of other living organisms”, #4 “I often feel 

disconnected from nature”, #5 “When I think of my life, I imagine myself to be part of a 

larger cyclical process of living”, #6 “I often feel a kinship with animals and plants”, #7 “I feel 

as though I belong to the Earth as equally as it belongs to me”, #8 “I have a deep 

understanding of how my actions affect the natural world”, #9 “I often feel part of the web 
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of life”, #10 “I feel that all inhabitants of Earth, human, and nonhuman, share a common 

‘life force’”, #11 “Like a tree can be part of a forest, I feel embedded within the broader 

natural world”, #12 “When I think of my place on Earth, I consider myself to be a top 

member of a hierarchy that exists in nature”, #13 “I often feel like I am only a small part of 

the natural world around me, and that I am no more important than the grass on the 

ground or the birds in the trees”, and #14 “My personal welfare is independent of the 

welfare of the natural world”. 
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Highlights 

• Examined measurement invariance of the Nature Exposure Scale (NES) and 

Connectedness to Nature Scale (CNS) 

• Full scalar invariance supported for both scales across gender and age 

• Partial scalar invariance of NES supported across nations and languages 

• Partial scalar invariance of 7-item CNS supported across nations and languages 
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